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The  reaction  heats  of  slow  chemical  changes  have  not  as  yet  been 
measured  with  dependable  exactness.  The  closest  approach  so  far  made 
toward  the  satisfactory  calorimetry  of  such  processes  is,  without  doubt, 
the  very  careful  work  of  Brown  and  Pickering  on  the  heats  of  mutarota- 
tkm  of  glucose  and  fructose,1  and  on  the  heats  of  hydrolysis  of  starch 
and  sucrose  by  enzymes.1  In  these  investigations  Brown  and  Pickering 
did  not  attempt  the  calorimetry  of  the  whole  process;  but  only  that  of 
a  part  of  it,  determined  in  each  instance  by  the  change  in  optical  rotation 
which  simultaneously  occurred.  They  thus  offered  a  method  of  attack 
which  was  neither  completely  general  nor  wholly  calorimetric;  and  since, 
when  their  measurements  were  made,  calorimetric  procedure  had  not 
yet  been  developed  beyond  the  stage  to  which  Berthelot  had  carried  it, 

1  Brown  and  Pickering,  /.  Chem.  Soc,  71,  756  (1897). 

*  Brown  and  Pickering,  ibid.,  71,  783  (1897).  For  Berthelot's  earlier  but  un- 
successful attempt  to  measure  the  heats  of  mutarotation,  see  Compt.  rend.,  120,  1019 
(1895);  ace  al*^  Brown  and  Pickering's  remarks  upon  this  work  (loc.  cit.,  [i]  pp.  757- 
759);  and  Nelson  and  Beegle's  criticism  (This  Journal,  41,  571  (1919)). 
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their  work,  though  admirable  for  its  ingenuity,  precision  and  caution, 
must  have  been  affected  by  very  considerable  error.1  Their  method, 
none  the  less,  is  clearly  applicable  to  many,  if  not  all,  of  those  slow  changes 
which  do  not  involve  an  appreciable  heat  of  mixture,*  and  their  calori- 
metric  errors  could  now  be  materially  reduced.  It  is  regrettable  that  their 
work  has  not  been  followed  up.  As  a  consequence  of  this  and  similar 
neglect,  we  still  lack  dependable  knowledge  concerning  the  internal 
energy  relations  of  all  those  reactions,  the  speeds  of  which  are  measure- 
able.8  The  obvious  effect  of  such  ignorance  in  limiting  the  scope  and 
coordination  of  physicochemical  and  of  physiological  research  points 
clearly  to  the  high  desirability  of  developing  general  and  easily  adaptable 
procedures  adequate  for  the  precise  calorimetry  of  slow  processes. 

It  was  the  primary  purpose  of  this  investigation  to  develop  such  a 
procedure,  more  general  than  that  of  Brown  and  Pickering,  which  should 
permit  the  calorimetric  examination  of  complete  reactions  of  various 
thermochemical  character  in  liquid  systems,  whether  or  not  these  were 
accompanied  by  a  heat  of  mixture;  and  which  should  be  sufficiently  exact 
in  principle  to  make  its  gradual  improvement  to  the  limit  of  calorimetric 
precision,  defined  by  minimal  thermometric  error,  not  impossible.  In 
order  that  these  conditions  should  be  met,  there  was  chosen  for  examina- 
tion and  experimental  test  a  reaction  of  considerable  complexity;  that, 
namely,  of  the  complete  inversion  of  sucrose  by  hydrochloric  acid.  This 
reaction  possessed  many  advantages  for  the  purposes  in  view.  Like  the 
greater  number  of  those  changes  which  occur  in  liquid  systems,  it  is  always 
accompanied  by  a  heat  of  mixture,  that  of  dry  sucrose  in  acid,  or  that  of 
acid  in  sucrose  solution,  neither  one  of  which  can  be  separately  deter- 
mined; the  heat  of  inversion  itself  requires,  under  safe  and  convenient 
conditions  of  temperature  and  concentration,  more  than  5  hours  for  its 
complete  development;  and  the  process  as  a  whole,  involves  both  endo- 
thermal  and  exothermal  changes.  To  measure  the  heat  of  this  reaction, 
therefore,  it  was  necessary  at  the  outset  to  devise  means  for  overcoming 
the  three  greatest  difficulties  likely  to  be  encountered  in  the  calorimetry  of 

1  For  example,  Brown  and  Pickering  remark  (loc.  cit.,  [2  J  p.  787)  that  in  the  de- 
termination of  the  heat  of  hydrolysis  of  starch  by  amylase,  the  most  protracted  measure- 
ment of  which  occupied  30  minutes,  the  correction  for  thermal  leakage  was  "generally 
much  larger  than  the  actual  rise  of  temperature  to  be  measured/' 

■  Brown  and  Pickering,  in  their  measurements  on  mutarotation  made  correction  for 
its  progress  during  dissolution;  but  their  procedure,  which  is  not  described  in  detail,  was 
empirical  and  probably  (in  relation  to  present  calorimetric  precision)  approximate 
(loc.  cit.,  [1]  p.  759). 

•  The  current  practice  of  calculating  these  heats  of  reaction  from  heats  of  com- 
bustion, or  otherwise  by  inference  from  thermodynamical  generalizations  characteristi- 
cally inexact,  is  confessedly  a  makeshift  procedure  which  yields  uncertain,  or  at  best 
roughly  approximate  results.  See,  for  instance,  the  remarks  of  Brown  and  Pickering 
on  this  point  (loc.  cit.t  [2  J  pp.  783,  784). 
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protracted  processes,  which  are:  the  simultaneous  determination  of  two 
partially  concurrent  heat  effects;  the  exact  maintenance  of  a  negligible 
or  precisely  measurable  thermal  interchange  between  calorimeter  and 
environment  during  a  long  period  of  time;  and  the  facile  adjustment  of 
such  control  continuously  for  rising  and  falling  temperatures. 

Anticipating  the  results  of  work  yet  to  be  described,  these  difficulties, 
it  is  believed,  have  been  satisfactorily  met,  within  a  margin  of  error  largely 
determined  by  the  uncertainties  of  mercury  thermometry.  The  present 
paper  describes  a  method  devised  for  the  analysis  of  the  concurrent  heat 
effects  of  the  sucrose  inversion.  A  second  communication  will  describe 
the  calorimetry  of  this  reaction,  and  the  application  of  the  formulations 
here  developed  to  the  results  of  actual  measurement. 

The  following  analysis  will  be  found  applicable  to  many  concurrent 
effects  other  than  that  with  reference  to  which  it  is  developed.  The  dis- 
cussion must,  therefore,  be  interpreted  as  illustrated  by,  rather  than  as  re- 
stricted to,  the  phenomena  of  sucrose  inversion. 

Thermal  Effects  in  the  Inversion  of  Sucrose  by  Acid  Catalysis. 

For  the  determination  of  any  heat  of  reaction  which  is  accompanied 
by  heat  of  mixture,  two  alternative  procedures  will  in  general  be  possible, 
since  the  mixture  may  be  accomplished  in  two  ways.  For  reasons  that  will 
soon  be  apparent,1  it  was  decided  in  actual  measurement  to  initiate  the 
reaction  by  dissolving  dry  sucrose  in  acid,  rather  than  to  mix  acid  with 
sucrose  solution. 

The  dissolving  of  sucrose  in  dilute  acid  is  an  endothermal  process;  the 
reaction  of  inversion  is  exothermal.  When,  therefore,  dry  sucrose  is 
mixed  with  acid  there  is  at  first  a  considerable  fall  in  temperature,  which 
is  succeeded  almost  immediately  by  a  slow  rise,  the  rate  of  which  grad- 
ually diminishes  as  time  goes  on.  If  the  temperature  change  in  this 
process  be  plotted  in  rectangular  coordinates  against  the  time,  we  have  a 
curve  typical  of  this  sort 
of  reaction.  Such  a 
curve,  drawn  from  the 
results  of  measurement, 
and  divided  for  conveni- 
ence into  segments 
marked  by  the  time  in- 
tervals I,  II  and  III,  is 
shown  in  Fig.  1.  Dur- 
ing Period  I  the  domi- 
nant effect  is  the  nega- 
tive heat  of  solution;  in 
Period  II,  the  positive 
1  See  page  1302. 
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inversion  heat  at  first  nullifies  and  then  overcomes  the  effect  of  solu- 
tion; in  Period  III,  solution  is  complete,  distribution  is  uniform,  and  the 
heat  effect  is  that  of  inversion  alone.    In  order  to  determine  the  heat  of 
inversion  itself  from  a  curve  of  this  character,  it  is  obviously  necessary 
to  extrapolate  the  curve  of  actual  inversion  across  the  entire  interval, 
I  +  II.    This  is  not  altogether  a  simple  matter.    Generally   speaking 
such  a  result  may  be  accomplished  by  determining  from  the  reaction 
curve  in  Period  III  an  empirical  formulation,  extrapolating  by  this  means, 
and  modifying  subsequently  the  extrapolated  segment  in  accordance 
with  the  fact  that  during  the  period  of  concurrent  effect  spanned  by  this 
segment,  one  reacting  substance  is  present  in  changing  concentration. 
Disregarding  for  the  present  this  final  complication,  it  is  clear  that  the 
first  simple  extrapolation  itself  is  likely  to  be  somewhat  inexact,  since  it 
reproduces  a  segment  of  greater  slope  than  that  from  which  its  formula 
was  derived.    The  first  essential  precaution  to  be  taken  with  respect  to 
this  procedure,  therefore,  would  be  to  make  the  interval  of  concurrent 
effect  as  short  as  possible.     In  practice  this  would  mean  to  effect  solu- 
tion as  quickly  as  possible.    One  experimental  necessity  is  thus  at  the 
outset  clearly  indicated.    Assuming  the  task  to  have  been  adequately 
performed,  there  still  remains  the  desirability  of  establishing  a  criterion 
of  normal  behavior  by  means  of  which  the  complete  theory  of  extrapola- 
tion may  be  simply  developed,  and  the  empirical  curve,  insofar  as  it 
departs  from  the  behavior  thus  indicated,  interpreted  and,  if  necessary, 
corrected.    Such  a  criterion,  in  this  as  in  other  cases,  will  be  provided 
by  the  isothermal  equation  of  reaction  speed.    In  the  case  of  the  inver- 
sion of  sucrose  this  equation  is  well  established;  and  for  any  given  condi- 
tions of  temperature  and  concentration,  its  constants,  which  are  not 
quite  invariable,  may  be  determined  with  high  precision  by  polarimetric 
measurement,    If  now,  the  assumptions  be  made:  first,  that  in  this  reac- 
tion the  energy  release  is  proportional  to  quantity  of  sucrose  transformed, 
second,  that  negligible  external  work  is  performed;  and  third,  that  during 
the  change  the  total  heat  capacity  remains  constant  within  measurement 
error,  the  temperature-time  curve  for  the  isothermal  condition  will  be 
sensibly  of  the  same  form  as  that  of  speed.    The  first  of  these  assump- 
tions is  justifiable  only  if  the  reaction  heat  is  that  of  inversion  alone;  since 
the  measurements  which  determine  the  speed  equation  are  made  with 
reference  solely  to  the  passage  of  the  reacting  system  from  sucrose  and 
water  to  the  equilibrium  mixture  of  hexoses.     It  must,  however,  be  tenta- 
tively made;  and  may  be  so  made  without  much  danger  of  subsequent 
embarrassment,  inasmuch  as  any  superimposed  effects  to  be  anticipated 
are  likely  to  be  too  small  to  affect  the  theory  of  extrapolation  beyond  the 
limit  of  effective  correction.    The  assumption  itself,  moreover,  offers  a 
possible  opportunity  for  the  detection  of  superimposed  heats  of  consecu- 
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tive  or  side  reactions  if  these  be  measurable.  As  to  the  other  assump- 
tions made,  the  second  may  be  granted  at  once;  and  the  third  also,  when 
the  heat  capacities  of  factors  and  products,  small  in  comparison  with  that 
of  the  whole  system,  are  considered.1 

On  the  basis  of  these  assumptions,  then,  the  simple  theory  of  extrapola- 
tion may  be  safely  developed. 

The  inversion  of  sucrose  proceeds  with  negligible  variation2  after  the 
manner  of  a  monomolecular  reaction.  The  familiar  speed  equation  for 
this  type  of  change, 


and  its  integrals 


kt  =  log  — ^-,  and  k(k  —  h)  =  log (i) 

a  —  x  a  —  %t 

(in  which  for  a  given  weight  of  solvent,  a  is  the  initial  weight  in  gram 
moles;  x,  xit  x%  the  amounts  transformed  in  gram  moles,  at  the  times  t,  tuk', 
and  k  the  initial  rate  of  transformation  for  unit  mass)  yields,  on  the  basis 
of  the  assumption  first  made:  namely,  that  temperature  change  under 
the  conditions  of  experimentation  will  be  proportional  to  quantity 
transformed, 

and  its  integrals, 

1  In  actual  determination,  during  the  period  of  inversion  (to  which  alone  this 
analysis  applies),  the  reacting  system  passed  from  sucrose  in  solution  and  water,  to 
invert  sugar  in  solution.  The  molecular  heat  of  dissolved  sucrose  (140  to  260)  is 
152.8  (Magie,  Phys.  Rev.,  16,  381;  and  17,  105  (1903));  that  of  water  is  18.0,  and  that 
of  dissolved  invert  sugar  is  (89.6  +  78.8)  -*•  2  =  84.2  (Magie,  he.  cit.),  in  gram  calorie 
units.  The  change  in  heat  capacity  per  mole  in  this  reaction,  is  therefore,  (152.8  + 
18)  —  2  (84.2)  =»  2.4,  and  for  50  g.  of  sucrose,  a  maximal  quantity  in  measurement, 
0.35  gram  caloric  units.  Since  the  heat  capacity  of  the  whole  system  in  actual  de- 
termination was  closely  that  of  1000  g.  of  water,  the  change  in  that  capacity  due  to  re- 
action thus  amounted  to  0.035  per  cent,  of  the  whole,  and  when  not  corrected  for,  caused 
the  same  percentage  error  in  the  measurement  of  the  reaction  heat.  This  error  is 
beyond  the  limit  of  possible  experimental  accuracy,  and  is  quite  negligible.  With  other 
reactions,  of  course,  the  corresponding  values  might  be  large  enough  to  affect  the  results 
of  measurement.  If  this  were  ever  the  case,  the  effect  of  change  in  heat  capacity  on 
the  form  of  the  reaction  curve  could  be  corrected  for  with  sufficient  exactness  by  mod- 
ifying the  curve  of  observed  temperature  change  in  such  a  way  that  the  difference  be- 
tween it  and  the  derived  curve  varied  in  an  approximately  exponential  manner  from 
zero  at  the  time  when  the  temperature  was  minimal  to  the  difference  denned  by  the 
total  correction  at  the  time  when  the  reaction  came  to  an  end. 

*  That  this  was  the  case  under  the  conditions  of  experimentation  was  shown  by 
the  results  of  accessory  measurements  of  isothermal  reaction  speed  under  closely  similar 
conditions  of  temperature  and  concentration. 
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kt  =  log  5-Zl?  and  *(<,-<!)  =  log^^1  (2) 

if i  if ij 

wherg  Ti  and  7/  are  initial  and  final  temperatures,  and  T,  Tu  Tit  tempera- 
tures at  the  times  tt  tu  h- 

Now,  if  in  actual  experience  solution  were  instantaneous,  the  lowest 
temperature  reached  by  heat  of  solution  alone — identical  with  that  at 
which  inversion  began — would  be  determined  by  the  point  at  which  the 
inversion  curve,  extrapolated  from  the  segment  in  Period  III  by  Equa- 
tion 2  cut  the  ordinate  t  =  o.  It  remains  to  consider  the  effect  of  the 
changing  sucrose  concentration  during  the  time  interval  covered  by  the 
extrapolation.  In  this  period  the  inversion  proceeds,  not  in  accordance 
with  the  simple  formula  of  extrapolation  discussed  above,  in  which  the 
term  (T)  —  7\),  corresponding  to  a  in  the  speed  equation,  implies  maximal 
initial  concentration  and,  therefore,  instantaneous  solution,  but  at  all 
times  more  slowly;  its  speed,  initially  zero,  gradually  increasing  at  first 
with  positive  and  toward  the  end  with  negative  acceleration,  until  solu- 
tion is  complete. 

The  relationships  involved  in  this  behavior  are  graphically  represented 
in  Fig.  2,  to  which  subsequent  discussion  may  be  conveniently  referred. 
In  this  figure,  the  complete  curve  of  reaction  obtained  by  correcting  the 
curve  of  observed  temperatures  for  temperature  changes  due  to  stirring 
and  concomitant  superimposed  effects,  and,  if  necessary  or  desirable,  for 
change  in  heat  capacity  and  other  causes  of  independent  variation,  is 
represented  by  the  heavily  drawn  line,  abcdef.  Of  this,  the  branch  ab 
represents  the  temperature  change  due  to  initial  stirring  and  concomitant 
effects  before  the  reaction  is  initiated;  the  very  short  interval  be  marks 
the  initial  lag,  neglected  in  the  present  discussion,  the  ordinate  f  =  o  being 
drawn  through  ct  the  point  from  which  the  observed  temperature  fall 
becomes  measurably  significant;  the  initial  temperature,  the  abscissa 
of  c,  is  marked  7\;  the  final  temperature  reached,  T%\  the  minimal  tem- 
perature, Tm.  The  inversion  curve,  extrapolated  from  Period  III  by 
Equation  2  (to  be  referred  to  subsequently  as  the  simple  curve  of  inver- 
sion), is  shown  by  the  line  of  dashes  er;  the  point  r  marking  its  intersec- 
tion with  the  ordinate  /  =  o  at  the  temperature  Tz.  The  curve  of  solution, 
which  falls  sharply  from  the  initial  point  c  with  greater  slope  than  that 
of  the  reaction  curve,  and  which,  after  sudden  flexure  slightly  above  T0 
rapidly  approaches  and  soon  coincides  with  the  abscissa  of  this  tempera- 
ture, is  represented  by  the  lightly  drawn  whole  line  cgh.  This  curve,  the 
form  of  which  in  measurement  was  not  affected  by  the  mechanism  of  solu- 
tion, is  here  plotted  from  the  results  of  accessory  determinations  of  solu- 
tion heats,  collated  in  a  manner  yet  to  be  described,  and  is  very  closely 
exponential.    The  curve  of  actual  inversion,  which  lies  at  all  times  above 


Digitized  by 


Google 


HBATS  Otf  SLOW  REACTIONS.     1. 


1302 


that  extrapolated  from  Equation  2,  is  shown  by  the  dotted  line  es;  the 
initial  point  of  which,  s,  lies  cm  the  abscissa  T0.  Finally,  points  on  the 
reaction  curve  are  designated  TR;  and  those  cm  the  solution  curve,  the 
simple  curve  of  inversion,  and  the  curve  of  actual  inversion,  T'9  T9  and 


Concurrent  Heat  Effects  in  Inversion  of  Sucrose 

byAc/d 

Fig.  2. 

T"%  respectively.  The  time  at  which  reaction  begins  (*=o)  is  marked  tQ. 
These  several  designations  will  be  used  in  the  following  discussion  without 
further  remark. 

The  problem  of  extrapolation  is,  obviously,  to  determine  the  tempera- 
ture T0.  With  reference  to  Fig.  2,  we  may  write  the  following  equations. 
For  the  curve  of  solution, 

V  =  To  +  ffx—To)*-*  (3) 
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and  for  the  simple  curve  of  inversion, 

t*  -  T,  +  (r,  — r,)^-*1.  (4) 

The  rate  of  actual  inversion  is  at  all  times  proportional  to  the  amount  of 
sucrose  in  solution.1  This  amount  will  be,  at  any  instant,  the  amount 
dissolved,  less  the  amount  inverted  up  to  that  instant.  That  is,  the 
slope  of  the  curve  of  actual  inversion  may  be  formulated: 

d±r  =  A{x-y)  (5) 

where  x  and  y  are  the  amounts  of  sucrose  dissolved  and  inverted  at  the 
time  t;  and  where  A  is  a  constant  proportional  to  the  constant  of  inver- 
sion, k. 

In  this  equation,  since  temperature  change  is  assumed  to  be  propor- 
tional to  quantity  transformed,  the  following  relations  obtain: 

A  _  T2—T0.      x  _  Tx—T\      y  _  T"  —  T0. 

k  a       *      a       Ti  —  T0 '      a        T%  —  TQ  ' 

so  that  Equation  5  may  be  written: 

*I!1  ,  k  T*~T°    a  (Hull  —  t§"—tq\ 
dt  a  VTx  —  T0        Tt  —  To) 

"  k  [t^T  {Ti  ~  To)  ~ {T"  _  7o)] 


and,  since  from  Equation  3, 

Ti  —  T' 
Tx  —  T, 


=  1  —  e-». 


O 


^  -  k  [(1  -  *-*)(r,  -  T0)  -  (T"  -  T0)} 

•-  k  [Ti  —  T"  —  (Tt  —  T0)e-p,\. 
From  this  equation,  by  suitable  transformation  and  integration,  we  ob- 
tain: 

T"  -  Tt  +  (T,  -  To)  i/k  -  p  (pe-*'  —  ke-») 
and  since,  if  TR  represent  the  observed  temperature  at  the  time  t, 

TR=T'  +  (T"  -  ro), 
we  obtain  finally, 

TR  -  (Tx  -  T0)e-Pt  +T%+  T*~T°  -  (pe~kt  -  ke~pt).     (A) 

k  —  p 

In  this  equation,  all  values  save  Tc  are  known;  the  temperatures,  from 

observations  made  in  each  measurement,  the  constant  k  from  available 

1  It  is  for  this  reason  that  in  actual  experiment,  mixture  was  accomplished  by 
dissolving  dry  sucrose  in  acid.  The  relation  between  speed  of  inversion  and  hydrogen 
ion  concentration  is  too  complicated  to  make  possible  a  simple  mathematical  treatment 
of  the  alternative  procedure. 
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data  on  the  speed  of  reaction,  and  p  from  the  results  of  accessory  measure- 
ments, already  referred  to,  on  the  form  of  the  solution  curve. 

The  equation  is,  nevertheless,  difficult  to  handle.  It  yields,  however, 
upon  differentiation  and  subsequent  algebraic  conversion  a  much  simpler 
formula  which  permits  Jacile  graphical  solution: 


Tt-TR-±- 
P 


'ST  ~  (r* 


T0)e 


-kli 


(B) 


The  extrapolation  may  now  be  effected  graphically  as  follows. 


Concurrent  Reaction  Heats  in  Opposite  Senses 

Fig.  3. 

A.  Exact  Tangent  Construction. — In  Fig.  3  let  a  secant  to  the  simple 
inversion  curve  be  drawn  through  r  and  any  other  point  on  this  curve 
within  the  time  interval  II,  such  as  T*\  this  will  intersect  the  abscissa  of 
7j  at  some  point,  tn.  Draw  the  line  ms;  and  let  the  intersections  of  the 
ordinate  of  Tw  (/r*)»  with  this  line  and  with  the  reaction  curve  be  T  and 
T&  respectively.    Then 

it  —  TQ       T 2  —  Tz         1    ,     _*       , . 

7f  -  ~ zr,  =  -Zkt*y  Equation4 

ii  —  T        Tt — 2  e  M 

1  Notb. — For  this  equation  and  for  invaluable  collaboration  in  its  development, 
the  writer  is  indebted  to  Professor  H.  W.  Webb  of  Columbia  University. 
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or, 


Tt  —  T0 


Tt  —  T 


Substituting  this  value  of  Tt  ■ 


-  T0  in  Equation  B,  we  have 

i/p  .  dTR/dt       Tt  —  T 


or, 


,    i     dTR 


The  point  T  is  thus  determined:  For  the  temperature  increment 
i/p  .dTjJdt  may  be  found  by  constructing  a  tangent  to  the  reaction 
curve  at  T&  intersecting  the  ordinate  f =o  at  TT  and  the  ordinate  t=i/p 
at  Tp.    The  temperature  interval  TT  —  Tp  then  equals  i/p .  dTR/dt. 

Some  uncertainty  is  involved  in  this  construction,  on  account  of  the 
difficulty  of  drawing  the  tangent  precisely.  This  uncertainty  will  be  least 
when  the  ratio  of  the  time  interval  tT»  — 10  to  the  temperature  interval 
Tt  —  TT  is  smallest,  and  when  the  curvature  of  the  reaction  curve  in  the 
neighborhood  of  TR  is  most  nearly  uniform.  The  ordinate  tT*  should, 
therefore,  be  taken  on  an  arc  of  sensibly  uniform  curvature  as  near  as  is 
practicable  to  the  minimum  temperature  of  the  reaction  curve.  The  ap- 
proximate magnitude  of  the  uncertainty  in  any  case  will  be  indicated,  of 
course,  by  the  discrepancies  shown  by  independent  constructions  on  the 
same  curve. 

B.  Approximate  Tangent  Construction. — An  alternative  procedure, 
however,  yields  a  much  neater  construction,  the  precision  of  which,  in 

practise,  largely,  if  not  wholly,  compensates 
for  the  approximation  which  it  involves. 
In  Fig.  4,  let  the  point  TRt  taken  as  com- 
mon to  the  reaction  curve  and  the  curves 
of  inversion,  be  chosen  for  reference:  let  the 
line  re  be  drawn  tangent  to  the  simple 
inversion  curve  at  r,  intersecting  the  or- 
dinate *  =  i/p  at  b;  and  let  the  intersection 
of  the  abscissa  T3  with  this  ordinate  be  a. 
Then,  with  reference  to  the  inversion  curve 
(since  the  slope  at  any  point  on  an  ex- 
ponential curve  is  proportional  to  its  distance  from  the  asymptote) 

i   _  , «  .  .         .  .  ~  v        i     dTR    Tt  —  Tz 

dt 


ab  = 


X  (slope  of  inversion  curve  at  Tz)  =  — 
p  p 


From  Equation  B, 
whence 


-.^  =  -(r,-r0)*-»  +  7V 


dt 


Tt-TR 
TR 


Digitized  by  VjOOQIC 


HBATS  OF  SU>W  REACTIONS.      I.  I305 

i2 1  R  1%  1  R 

and  since,  on  the  inversion  curve,  T*  —  TR  =  (T*  —  T*)e ~kt 

ab  =  T0  —  Tz 

Thus  T0  is  determined,  and  with  precision,  since  the  slope  at  T9  may  be 
measured  in  terms  of  accurately  known  values;  that  is,  at  f =0, 

JTf 

^L  =  *(r2-r,). 

In  drawing  the  tangent,  advantage  may  be  taken  of  the  fact  that,  as  its 
equation  T  =  T%  +  kt(T2  —  T*)  shows,  the  point  of  its  intersection  with 
the  abscissa  T%  is  defined  by  the  condition  t  =  i/k.  Since,  also,  when 
/  =  i/k  the  equation  of  the  simple  inversion  curve  (Equation  4)  becomes 

T>  -  Tt+(T3-T2)i/ef 
whence 

T'  -  r,  -  (r,  -  r,)(i  -  i/e)  =  0.63  (r,  -  r,). 

we  have  in  these  relations  an  opportunity  of  testing  both  the  precision 
of  the  construction,  and,  in  some  degree,  the  legitimacy  of  the  premises 
(see  pages  1298  to  1302)  which  it  involves. 

C.  Approximate  Curve  Construction. — The  preceding  discussion  leads, 
finally,  to  a  very  rapid,  though  less  closely  approximate,  solution.  If 
the  speed  of  solution  is  much  greater  than  that  of  concurrent  inversion 
the  simple  curve  of  inversion  in  the  construction  shown  in  Fig.  4  may 
be  taken  as  coincident  with  its  tangent  within  the  time  interval  *=o  to 
t=i/p;  itself  intersecting  the  ordinate  t  =  i/p  at  T0.  The  temperature 
T0  will  then  be  determined  with  sufficient  accuracy  merely  by  extra- 
polating the  simple  inversion  curve,  and  constructing  the  ordinate  t=i/p 
to  its  point  of  intersection  with  this  curve.  The  constant  p,  however,  is 
the  least  dependable  of  all  the  experimental  data.  In  order  to  avoid 
using  it,  advantage  may  be  taken  of  the  following  relations. 

Under  the  above  conditions,  the  curve  of  reaction,  during  the  short 
time  interval  i/p,  will  be  sensibly  coincident  with  the  curve  of  solution 
and  may,  therefore,  be  written  (compare  Equation  4) 

rR  =  r0  +  (Ti  — r0)«-*. 

From  this  equation,  when  t  =  i/p  (and  when  therefore  T*  =  T0) 
TR=  To  +  {Tl-T0)i/e 

rR  =  r  +  ^-DiA; 

whence 

t,  -  tr  -  (r,  -  r*)(i  - 1/*),  .  0.63  (Ti  -  r*). 
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The  temperature  TQ  may,  therefore,  be  determined  with  the  same  degree 
of  pAcision  as  in  the  previous  case  by  finding  an  ordinate  (=  [t  =  i/p}) 
such  that  measured  upon  it  the  distances  of  the  reaction  and  simple  in- 
version curves  from  the  abscissa  7\  are  to  each  other  as  0.63  is  to  1.  In- 
asmuch as  this  can  be  done  very  easily  by  the  application  of  a  transparent 
diagram  of  converging  lines,  this  approximate  solution  will  be  most  con- 
veniently rapid.  Its  adequacy  of  course  depends  wholly  upon  the  ratio 
of  the  speed  of  solution  to  that  of  inversion  within  the  time  interval  i/p. 
As  this  becomes  greater,  the  error  of  approximation  decreases,  but  more 
rapidly. 

The  foregoing  analysis,  though  developed  with  reference  to  the  sucrose 
inversion,  will  apply  without  essential  modification  to  any  partial  con- 
currence between  two  reactions  of  the  first  order.  It  will  have  been 
noted  that  throughout  the  discussion  no  limitation  was  placed  upon  the 


Concurrent  Reaction  Heats  in  the  Same  Sense 

Fig.  5. 

i 

general  notion  of  such  concurrence;  the^formulations  apply  not  only  to 
the  case  under  immediate  consideration,  in  which  the  heats  of  reaction 
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are  opposed,  but  also  to  those  in  which  these  heats  reinforce  each  other. 
The  geometrical  relations  in  this  latter  case  are  shown  in  Fig.  5,  which 
thus  completes  the  demonstration.  It  is  likewise  clear  that  similar 
analysis  will  be  applicable  to  diverse  phenomena  involving  such  concur- 
rence; and  the  procedure  suggests,  at  any  rate,  one  way  in  which  the 
analysis  of  concurrent  reactions  of  the  same  type  not  so  simply  interde- 
pendent, or  of  concurrent  reactions  of  higher  order,  may  be  attempted. 

D.  Minimum  Construction. — In  the  particular  case  of  opposed  heats 
of  reaction,  for  instance,  in  the  inversion  of  sucrose,  it  may  often  be  use- 
ful to  effect  an  independent  extrapolation,  by  taking  advantage  of  the 
fact  that  the  reaction  curve  in  this  case  shows  a  critical  point,  that  of 
minimum  temperature,  at  which  the  slopes  of  the  curves  of  solution  and 
of  actual  inversion  are  equal;  and  those  of  reaction  and  actual  inversion 
very  closely  so.  For  this  condition,  dTR/dt  =  o.  We  have  then  from  the 
general  Equation  B, 

T2-TM  =  (r,— r.)*-* 
where  Tm  =  TR  at  the  minimum  point;  whence 

r,-r,  _  j_ 

Tt-Tm      6-" 
In  the  general  construction  shown  in  Fig.  3,  we  have  the  relation: 

Tt—  T0  =  ± 
Tt—T  *-* 
It  follows,  therefore,  that  for  the  case  of  opposed  heats  of  reaction, 
I*  =*  T;  so  that  in  the  construction  shown  in  Fig.  3  as  applied  to  this 
case,  T0  is  known  from  observation  and  need  not  be  calculated.  This 
procedure  is  obviously  questionable  unless  the  minimum  point  be  sharply 
defined  in  the  curve  of  reaction,  and  is  uncertain  insofar  as  the  observed 
minimum  differs  from  the  actual  in  consequence  of  thermometric  lag, 
which  at  this  point  exhibits  its  most  marked  effect. 

The  entire  preceding  analysis  applies,  of  course,  only  to  the  isothermal 
condition.  In  the  adiabatic  condition,  the  observed  heat  of  reaction,  Q, 
or  with  negligible  error  in  this  case  as  in  the  case  of  any  reaction  in  a  con- 
densed system,  the  actual  change  of  internal  energy,  U,  at  any  time 
equals  that  of  the  isothermal  reaction,  Uf  plus  the  increment  in  U  due  to 
change  of  temperature;  which  we  may  call  At/.  Now,  by  Kirchoff's 
law: 

At/  =  AC(T,—  TO, 
where  AU  is  the  increment  mentioned,  T*  —  Ti  the  observed  tempera- 
ture change,  and  AC  the  difference  between  the  specific  heats  of  factors 
and  products.    Therefore, 

U>  U  +  AU?  =  UA+  AC  (T«  —  TA) 
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or, 

I7-U— AC(T.  — TO; 
and  similarly, 

r  =  T-  6C/H  (T,  — TO  (7) 

where  #  is  the  heat  capacity  of  the  system.  If  the  value  of  T  given  in 
Equation  7  be  substituted  for  T  in  Equation  2,  the  resulting  equation  will 
be  that  of  the  temperature-time  curve  in  terms  of  the  data  obtained  for 
the  adiabatic  condition.  In  this  equation,  however,  the  terms  of  correc- 
tion are  very  small  in  comparison  with  the  values  which  they  affect,1 
so  that,  for  the  purpose  of  measurement  Equations  1  and  2,  from  which 
the  constant  k  can  be  determined  and  checked,  and  the  curve  of  inversion 
simply  extrapolated,  may  be  used  as  applicable  to  the  adiabatic  condition 
without  sensible  error.  Thus,  in  practice  the  equations  given  will  be  ap- 
plicable, so  far  as  the  heat  of  reaction  alone  is  concerned,  for  the  separa- 
tion of  concurrent  heat  effects  in  the  case  of  any  reaction  which  does  not 
develop  an  altogether  unusual  quantity  of  heat,  whatever  be  the  calori- 
metric  method  employed. 

On  the  other  hand,  the  form  of  the  sucrose  inversion  curve  is  consid- 
erably altered  even  by  a  small  rise  of  temperature  during  reaction;  and 
such  also  will  be  the  case  for  all  reactions  for  which  the  temperature  coeffi- 
cient of  the  velocity  constant  is  correspondingly  great.  Whenever  the 
coefficient  is  known  for  the  conditions  of  experimentation,  the  reaction 
curve  may,  obviously,  be  corrected  for  this  influence,  so  that  its  extrapola- 
tion across  the  short  period  of  concurrent  effect  will  be  as  precise  as  neces- 
sary. If  it  be  not  known  in  advance,  it  may  always  be  derived  from  the 
reaction  curve  itself,  extrapolated  to  its  value  at  the  time  reaction  begins, 
and  applied  as  before. 

A  more  extended  discussion  of  the  experimental  application  of  the 
equations  here  presented  will  find  its  natural  place  in  the  record  of  actual 
measurement.  It  is  sufficient  for  present  purposes  that  its  general  charac- 
ter is  thus  indicated. 

Nsw  Yosk  Cmr. 

1  Prom  the  data  given  in  a  preceding  footnote  (p.  1299),  AC  =  (152.8  +  18.0)  4- 
360  —  (84.2  t-  180)  =  0.0069,  Ti  —  Ti  wiU  always  be  less  than  0.40;  so  that  in  Equa- 
tion 7,  AC(Tj  —  Ti)  will  always  be  less  than  0.0027  gram  calorie  units.  In  the  same 
experiments,  the  heat  capacity  will  always  be  greater  than  1000  gram  calorie  units; 

AC 

and  T  «  T —  (Tj  —  TO  will,  therefore,  differ  from  T  by  less  than  one  part  in  300,000. 

H 

This  discrepancy  will  be  far  beyond  the  limit  of  measurement  accuracy,  not  only  in 

these  determinations,  but  in  the  case  of  all  others  of  similar  character,  and  may  be 

disregarded. 
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HEW  METHODS  OF  PREPARING  TRIPOTASSIUM  LEAD 
HYDROGEN  OCTAFLUOREDE. 

By  Frank  C.  Mathers. 

Received  February  20,  1920. 

Introduction. 

These  experiments  were  made  in  connection  with  the  problem  of  pre- 
paring free  fluorine.  Tripotassium  lead  hydrogen  octafluoride  evolves 
fluorine  when  heated  above  300  °,  but  the  preparation  of  the  octafluoride 
by  the  known  methods  was  found  to  be  slow  and  the  yields  were  low. 
Therefore,  new  methods  of  preparing  the  salt  were  sought. 

The  excellent  paper  by  Clark1  gives  complete  working  details  of  per- 
haps the  best  of  the  known  methods.  Potassium  plumbate  is  first  formed 
by  heating  a  mixture  of  lead  peroxide,  potassium  hydroxide  and  water. 
The  residue  is  added  to  strong  hydrofluoric  acid  and  the  pure  salt,  tri- 
potassium lead  hydrogen  octafluoride,  is  obtained  by  crystallization  of 
the  filtrate.  The  review  omitted  the  method2  of  treating  lead  tetra- 
acetate with  hydrofluoric  acid  and  potassium  hydrogen  fluoride.  This, 
however,  is  a  slow  and  expensive  method.  Ruff*  states  that  both  the 
ammonium  and  the  potassium  double  salts  can  be  easily  made  but  no  de- 
tails of  the  method  are  given. 

Experimental. 

Action  of  Anhydrous  Hydrofluoric  Acid  upon  Peroxides  of  Lead. — Lead 
peroxide  and  red  lead  (PD3O4)  are  apparently  unacted  upon  by  the  ordinary 
cone,  hydrofluoric  acid  (50%).  However,  the  nearly  anhydrous  acid 
(96%)  acts  readily  upon  the  red  lead  or  freshly  prepared  lead  peroxide 
with  formation  of  good  yields  of  lead  tetrafluoride  in  each  case.  The  re- 
action with  the  red  lead  is  very  vigorous.  The  lead  peroxide  which  is 
split  off  from  the  red  lead  dissolves  very  quickly  in  the  anhydrous  hydro- 
fluoric acid  but  the  waste  of  the  anhydrous  acid  in  the  formation  of  the 
lead  difluoride  is  objectionable.  No  black  color  is  noticed  except  for 
short  intervals  in  places  where  the  red  lead  happens  to  be  in  excess.  Lead 
peroxide  (c.  p.)  from  Eimer  and  Amend  is  insoluble  in  the  anhydrous 
hydrofluoric  acid  even  on  standing  for  several  hours.  Freshly  prepared 
lead  peroxide  dissolved  in  the  anhydrous  acid  but  not  in  the  50%  acid. 
This  lead  peroxide  was  prepared  by  treating  red  lead  with  an  excess  of 
nitric  acid,  washing  and  drying  at  a  low  temperature.  The  undried  paste 
was  not  soluble.  This  was  probably  due  to  the  dilution  of  the  acid.  It 
seemed  to  make  no  difference  if  the  dried  lead  peroxide  was  used  at  once 
or  after  several  days.  The  tetrafluoride  solutions  thus  obtained  were 
1  This  Journal,  41,  1477  (19x9). 

*  Bratmer,  Z.  anorg.  Chem.,  7, 1  (1894);  J.  Chem.  Soc,  65,  393  (1894);  Winterfeld, 
Doktor  Dissertation  zu  Berlin,  1894. 

'Z.  angew.  Chem.,  [2]  20,  1218  (1907). 
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quickly  hydrolyzed  by  dilution  with  water — a  black  precipitate  of  plumbic 
hydroxide  being  formed.  The  addition  of  potassium  or  ammonium 
fluoride,  before  dilution,  lessens  the  tendency  to  hydrolysis.  A  yield  of 
62%  of  the  tetrafluoride,  based  on  lead  peroxide,  was  obtained.  The  only 
serious  objection  to  this  method  is  the  use  of  anhydrous  hydrofluoric  acid, 
which  is  so  very  difficult  to  make  and  to  keep  and  is  disagreeable  to  use. 

By  Fusion  of  Lead  Peroxide  with  Potassium  Hydrogen  Fluoride* — 
Any  sample  of  lead  peroxide  reacts  with  fused  potassium  hydrogen  fluoride 
with  formation  of  a  double  fluoride  of  lead.  Equal  weights  of  potassium 
hydrogen  fluoride  (dried  by  fusion)  and  lead  peroxide  in  platinum  or 
copper  vessels,  were  used.  This  gives  approximately  3  molecules  of  potas- 
sium hydrogen  fluoride  to  one  of  lead  peroxide,  which  is  the  quantity  of 
potassium  for  the  desired  salt,  but  there  is  insufficient  available  hydro- 
fluoric acid  for  complete  reaction  upon  the  lead  peroxide.  It  is  better  to 
supply  the  required  hydrofluoric  acid  by  the  scheme  described  below  than 
to  start  with  larger  quantities  of  the  potassium  hydrogen  fluoride.  The 
latter  substance  was  fused  over  a  free  flame  at  a  temperature  of  about 
200  °  and  the  lead  peroxide  added  slowly  with  stirring.  A  gas,  probably 
water,  was  evolved  during  the  reaction.  The  heating,  which  need  last 
only  for  a  few  minutes,  should  be  discontinued  as  soon  as  the  mass  be- 
comes very  pasty.  Increase  in  temperature  decomposes  the  octafluoride. 
The  mass  remains  black  in  color.  About  30  to  40%  of  the  lead  peroxide 
was  changed  to  a  double  fluoride  at  this  point.  After  cooling,  the  mass  was 
moistened  with  cone,  hydrofluoric  acid,  the  lumps  were  crushed  and  the 
mass  thoroughly  stirred  with  a  carbon  rod.  This  treatment  regenerates 
potassium  hydrogen  fluoride.  The  vessel  was  then  heated  in  an  oven 
for  several  hours  at  about  225  °.  The  residue  became  much  whiter  during 
the  heating,  thus  showing  that  the  lead  peroxide  was  being  acted  upon. 
By  repeating  once  or  twice  the  treatment  with  the  hydrofluoric  acid 
followed  by  the  heating,  the  residue  became  practically  white.  Analyses 
showed  that  80%  to  86%  of  the  lead  peroxide  was  changed  to  octafluoride. 
Analysis  was  made  by  extracting  the  residue  with  cone,  hydrofluoric 
acid,  filtering  and  washing  the  residue  with  1  :  1  hydrofluoric  acid.  The 
filtrate  was  treated  with  5  cc.  of  cone,  nitric  acid,  and  titrated  with  ex- 
cess hydrogen  peroxide  followed  with  potassium  permanganate.  Direct 
fusion  with  larger  amount  of  potassium  hydrogen  fluoride  (4:1)  without 
any  further  treatment  with  hydrofluoric  acid  or  heating  gave  yields  of  65% 
to  70%. 

Pure  crystals  of  the  double  salt,  tripotassium  lead  hydrogen  octa- 
fluoride, were  prepared  by  digesting  the  crude  residue  with  cone,  hydro- 
fluoric acid,  filtering  and  crystallizing.  Analysis,  by  electrodeposition 
of  lead  peroxide  from  nitric  acid  solution,  gave  50.3%  of  lead  peroxide 
while  that  calculated  was  50.09%. 
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A  stronger  acid  was  required  to  avoid  hydrolysis  of  the  octafluoride 
when  no  excess  of  potassium  was  present.  One  part  of  hydrofluoric  acid 
(50%)  to  0.05  part  of  water  gave  no  hydrolysis  of  the  pure  salt  when 
heated  upon  a  water  bath,  but  one  of  acid  to  one  of  water  gave  hydroly- 
sis. However,  one  part  of  acid,  2  of  water  and  0.2  part  of  potassium 
hydrogen  fluoride  gave  no  hydrolysis.  Cold  solutions  hydrolyzed  less 
easily  than  hot  ones.  In  extracting  the  crude  residue,  cone,  hydrofluoric 
add  should  be  used  as  otherwise  some  hydrolysis  is  likely  to  occur.  Pure 
crystals  of  the  double  salt  in  glass  containers  blackened  upon  the  sur- 
face. Crystals  could  be  kept  without  discoloration  when  sealed  in  paraf- 
fin containers. 

Preparation  of  Fluorine  Gas  by  Heating  Tripotassium  Lead; Hy- 
drogen Octafluoride. — The  heating  of  pure  crystals  of  the  double 
fluoride,  3KF.HP.PbF4,  as  a  method  of  making  free  fluorine  is  practically 
a  failure.  Heating  in  an  open  dish  (a  platinum  retort  was  not  available) 
has  never  given  enough  free  fluorine  for  the  writer  to  detect  its  odor — a 
really  sensitive  test.  However,  sufficient  fluorine  is  produced  to  etch 
the  platinum  dish.  Ruff,1  who  has  done  more  with  fluorine  and  fluorides 
than  anyone  except  Moissan,  says  that  this  method  is  not  successful,  al- 
though he  obtained  a  sufficient  quantity  from  a  platinum  retort  to  detect 
its  odor. 

These  experiments  with  the  complex  octafluoride  were  discontinued 
as  soon  as  the  really  satisfactory  method  of  easily  making  free  fluorine 
by  the  electrolysis  of  melted  potassium  hydrogen  fluoride  was  discov- 
ered.* 

Summary. 

Tripotassium  lead  hydrogen  octafluoride,  3KF.HF.PbF4,rcan  easily  be 
prepared  by  fusing  potassium  hydrogen  fluoride  with  lead  peroxide,  fol- 
lowed by  treatment  with  cone  hydrofluoric  acid  and  drying  at  225  °.  The 
treatment  with  hydrofluoric  acid  and  drying  should  be  repeated  until 
the  residue  is  almost  white*  Yields  of  86%  of  the  octafluoride  can  be 
obtained. 

Yields  of  62%  of  the  tetrafluoride  were  obtained  by  direct  solution  of 
freshly  prepared  lead  peroxide  in  almost  anhydrous  hydrofluoric  acid. 

IvDtAM a  UwTVSBsrrr, 
Bloomimotoji,  Indiana. 

1  Loc.  tit. 

*  Trans.  Am.  Electrochem.  Soc.,  35,  335  (1919);  J-  Phys.  Chem.,  23,  348  (1919); 
Ckem.  Eng..  27,  107  (1919). 
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THE  THERMOCHEMISTRY  OF  HYDROCARBONS  ACCORDING 
TO  P.  W.  ZUBOW'S  DATA. 

By  W.  Swibtoslawski. 

Received  March  6,  1920. 

In  a  previous  paper1 1  undertook  the  systematic  analysis  of  the  thermo- 
chemical  data  on  organic  compounds,  using  the  determinations  of  J.  Thom- 
sen,  M.  Berthelot,  Stohmann,  W.  Louginine,  and  others.  However, 
the  investigations  of  Emil  Fischer  and  Wrede*  and  of  the  author8  have 
made  it  clear  that  all  of  the  data  of  thermochemistry  must  be  recalculated 
and  corrected  before  an  analysis  and  a  summary  of  them  can  be  made. 

With  this  in  view,  I  have  recently  recalculated4  the  very  exact  experi- 
mental material,  accumulated  between  1892  and  191 1  by  P.  W.  Zubow 
in  Louginine's  thermochemical  laboratory,  and  in  the  present  communica- 
tion I  wish  to  examine  the  results  of  this  recalculation,  believing  that  such 
an  examination  will  prove  useful,  even  before  all  the  other  previous  thermo- 
chemical investigations  have  been  recalculated. 

The  Equations  of  Combustion. 

If  we  denote  the  heat  of  formation  of  the  molecules  Oj,  CO*,  and  H*0 
from  their  separate  atoms  by  2iv,  43  and  2w>  and  the  heats  of  formation 
of  the  atomic  Unkings,  C-H  and  C-C  by  x  and  y,  we  obtain  for  a  given 
hydrocarbon  CBHW,  containing  only  such  linkings,  the  following  equation 
of  combustion 

( Jy  +  tnx  +  f  2w  +  ~^\v  +  A  =  qnz  +  mut 

where  A  signifies  the  molar  heat  of  combustion  of  C„Hm.  When  the  equa- 
tion is  transformed  to 

I  2tt  —  —  )(y  +  w  —  2z)  +  m  (x  +  w  —  z  —  u)  +  A  =  o    (1) 

we  see  that  the  terms  y  +  w  —  22  and  x  +  w  —  z  —  u  are  repeated  in 
the  equation  as  many  times  as  the  linkings  C-C  and  C-H  occur  in  the 
hydrocarbon  CnHm. 

We  shall  call  the  terms  y  +  w  —  20  and  x  +  w  —  z  —  u  the  thermo- 
chemical characteristics  of  the  atomic  linkings  C-C  and  C-H.  They  con- 
tain the  constants  wf  z  and  «,  and  the  variables  x  and  y,  which  depend 
upon  the  constitution  of  the  hydrocarbon.  It  is  clear  that  x  and  y  corre- 
spond in  Equation  1  to  the  average  values  of  the  heats  of  formation  of 
the  above  mentioned  linkings. 

1  Z.  physik.  Chem.f  65,  513;  67,  78  (1909);  72,  49  (1910);  Bull.  Acad.  Cracovic,  1909, 
941. 

2  Sitz.  Akad.  Wiss.  Math.- Nat.  Klasse,  1908,  p.  129. 

8  J.  Russ.  Phys.-Chem.  Soc,  46,  935,  1284,  1293,  1302  (1914). 
4  This  Journal,  42,  1092  (1920). 
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If  we  choose  definite  values  of  x  and  y,  so  that  x  =  const,  and?  =  const., 
by  comparing  several  hydrocarbons,  Equation  1  must  be  completed  by 
the  addition  of  (2 Ax  +  2 Ay)  =  2 A(#,  y)  (m  —  m/2)  (y  +  w—2z)  + 
m(x  +  w  —  z  —  u)  +  2  A(x,  y)  +  A  =  o,  where  2  A(#,  y)  represents  the 
increase  of  the  heats  of  formation  of  the  separate  atomic  Unkings  C-C 
and  C-H  in  the  hydrocarbons  examined. 

Thermochemical  Characteristics  of  the  C-C  and  C-H  Linkings. 
One  purpose  of  this  paper  is  to  explain  within  what  limits  the  values 
of  the  thermochemical  characteristics  x  +  w  —  z  —  u  and  y  +  w  —  2z 
can  vary  in  hydrocarbons  not  containing  unsaturated  bonds.  The  anal- 
ysis of  this  problem  can  be  performed  in  two  ways,  (1)  by  solving  the  equa- 
tions of  combustion 

4(x  +  w  —  z  —  u)  +  Ax  =  0 
6(x  +  w  —  z  —  u)  +  iy  +  w  —  2s)  +  j42  =  o 
for  methane  and  ethane;  or  (2)  by  computing  the  average  values  of  x 
and  y  lot  another  assumed  hydrocarbon,  supposing  2  A(x,  y)  =  o.  Having 
established  values  of  the  thermochemical  characteristics  of  the  linkings 
C-C  and  C-H,  we  can  then  compute  the  increments  2A(x,y)  for  other 
hydrocarbons. 

In  the  previous  papers  I  have  chosen  the  first  method,  adopting  for  Ai 
and  i4j  M.  Berthdot's  and  J.  Thomsen's  determinations  of  the  heats  of 
combustion  of  methane  and  ethane.  However,  at  present  it  seems  to 
me  that  the  values  of  A\  and  A2  are  not  entirely  trustworthy,  because  at 
that  time  the  measurements  could  not  be  made  with  the  precision  now 
required. 

With  the  intention  of  using  the  second  method,  I  have  chosen  the 
newly  corrected  data  of  P.  W.  Zubow  for  the  4  saturated  and  polymethy- 
kne  hydrocarbons  and  the  heat  of  combustion  of  naphthalene,  as  redeter- 
mined by  Dickinson  in  the  Bureau  of  Standards  in  1915,  and  by  the  author 
in  1917  in  Louginine's  thermochemical  laboratory,  and  have  computed, 
by  the  method  of  least  squares,  the  average  magnitudes  of  (x  +  w  —  z  —  u 
and  (y  +  w  —  22)  for  the  following  5  substances,  n-hexane,  w-octane, 
«-decane,  cylcohexane  and  naphthalene. 

The  heats  of  combustion  of  these  substances  were  corrected  to  the  gaseous 
state  at  the  boiling  point,  and  the  computation  was  performed  by  supposing 
2A(*fy)  =  o. 

Abbreviating:  (x  +w — z  —  u)  =  X  and  (y  +  w  —  2z)  =  Y  we  ob- 
tain the  following  5  equations: 

Cyclohexane      6Y  +  \2X  +  2A(x,y)  +    946.2  =  o 
n-Hexane  5V  +  14X  +  SA(x,;y)  +    998.5  =  o 

w-Octane  7F  +  18X  +  2A(x,y)  +  1317.7  =  o 

n-Decane  gY  +  22X  +  2&(xty)  +  1630.4  =  o 

Naphthalene    16Y  +  SX    +  2A(x,y)  +  1258.0  =  o 
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From  which  we  obtain  X  =  — 52.76  cal.,  Y  =  — 52.25  cal.,  Z  *» 
Y  +  2X  =  —157.77  cal. 

The  same  result  can  be  obtained  if  the  equations  are  modified  by  intro- 
ducing the  magnitudes  Z  =  Y  +  2Xt  corresponding  to  the  thermochem- 

ical  characteristic  of  the  C — C^       group.    Then,  for 

\h 

Cyclohexane      6Z  =  —  946.2; 

w-Hexane  5Z  +    4X  =  —  998.5; 

n-Octane  7Z  +    4X  =  — 1317.7; 

n-Decane  gZ —   4X  =  — 1630.4; 

Naphthalene    16Z  —  24X  =  — 1258.0. 
Whence:  Xi  =  — 52.78  cal.,  Y\  =  — 52.22  cal.,  Z\  =  — 157.78  cal. 
It  is  interesting  that  if  the  last  equation  (for  naphthalene)  is  excluded, 
the  solution  of  the  first  4  equations  gives 

Xt  =  — 52.82  cal.,  Yt  =  — 52.11  cal.,  Z2  =  — 157«75  cal. 
These  numbers  differ  very  little  from  the  above-mentioned  ones.    The 
deviations  are  less  than  0.02%  for  the  thermochemical  characteristic  of 
the  CjHj  group,  0.11%  for  the  C-H  linking,  and  about  0.25%  for  the 
C-C  linking. 

If  we  adopt  the  values  X  =  — 52 .  76  cal.,  Y  =  — 52 .  25  cal.,  Z  » 
— 157.77  cal.,  and  introduce  them  into  our  equations  of  combustion,  we 
obtain  the  following  deviation  (A%)  between  the  calculated  and  mea- 
sured values. 

Tablb  I. 

Name.  Ag„5.  XX  +  XY.              A.  A%. 

ff-Hexane 998.5             9999  +1.4  +0.14 

n-Octane 13*77  I3I5-4  — 2.3  —0.17 

n-Decane 1630.4  1631.0  +0.6  +0.04 

Cyclohexane 946.2              946.6  +0.4  +0.04 

Naphthalene 1258.0  1258. 1  -fo.i  +0.01 

A%  -  *o.oS% 

The  deviations  (A%)  vary  within  the  narrow  limits  =*=  0.08%,  depend- 
ing evidently  on  the  errors  of  experiment  and  on  the  impurities  of  the 
samples  burned.  Therefore,  it  is  very  probable  that  the  thermochemical 
characteristics  of  the  C-C  and  C-H  linkages  really  remain  constant  in 
these  5  hydrocarbons. 

The  comparison  of  the  values  obtained  above  with  those  computed  by 
the  first-mentioned  method  is  very  interesting,  but  we  must  observe  that 
only  Thomsen's  data  are  to  be  considered  for  this  comparison,  because 
the  correction  of  Berthelot's  measurements,  performed  in  1887  and  1901, 
is  attended  by  many  difficulties.  Thomsen's  data  can  be  in  some  degree 
corrected  because  his  apparatus  was  designed  for  the  combustion  of 
gaseous  substances  and  all  the  details  of  his  experiments  are  sufficiently 
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known.  When,  therefore,  we  introduce  the  corrections  (i)  for  changing 
his  thermometer  readings  to  the  hydrogen  scale  (a  diminution  of  about 
—0.3%),  and  (2)  for  the  newer  determinations  of  the  heat  capacity  of 
water  (also  a  diminution  of  about  — o.  i%),  we  are  justified  in  believing 
that  the  remaining  corrections  are  small  and  are  due  chiefly  to  impuri- 
ties in  the  burned  samples. 

The  corrected  and  uncorrected  values  of  Thomsen  for  Ai  and  At  for 
methane  and  ethane,  and  the  thermochemical  characteristics  X  and  Y 
are  as  follows. 

Uncorr.  Corr. 

Methane        211. 9        Ai  -  an.i        X  =  — 52 . 78  cal.        z  -  — 157  8  cal 
Ethane  370.4        A%  —  368.9        K~ — 52.22  cal.  ™ 

There  is  complete  agreement  between  the  values  for  X,  Y  and  Z,  cal- 
culated in  these  different  ways.  As  a  consequence  it  is  most  probable  that 
the  thermochemical  characteristics  of  the  C-C  and  C-H  Unkings  in  the 
7  different  hydrocarbons  mentioned  are  really  constant. 

Furthermore,  the  values  obtained  for  X,  Y  and  Z  can  be  adopted  as  a 
basis  for  the  thermochemical  analysis  of  other  hydrocarbons  in  order  to 

Tabls  II. 

No.<  Name.  Formula.  Agas.         XX  +  XY.     ZA(x,y). 

i.  Derivatives  of  Cyclobutane. 

2.  Methyl-cyclobutane C*Htt  792.1  788.9        — 3.2 

2.  Derivatives  of  Cyclopcntane. 

3.  Cyclopcntane CiHm  791 .5  788.9        — 2.6 

7.  Methyl-cyclopentane C«HU  947  4  946.6        —0.8 

16.  1,3-Dimethyl-cyclopentane. . .     C7H14        1 102. 1         1 104.4        +3.3 

23.  1,2,4-Trimethyl-cyclopentane      C|HM        1259.2        1262.2        +3.0 
29-    x-Methyl-ff-propyl-cyclopentaneCtHu        1418.9        14*9-9        +10 

3.  Derivatives  of  Cyclohexane. 

8.  Cyclohexane C«HU  946.2  9466        +0.4 

17.  Methyl-cyclohexane CTHu        1 104 . 2        1 104 . 4        +0 . 2 

24.  1, 1 -Dimethyl -cyclohexane CtHu  1256 . 4  1262 .2         +5-8 

25.  1,3-Dimethyl-cyclohexane C|HW  1232.4  1262.2  +9.8'(?) 

26.  1,4-Dimethyl-cyclohexane CtHie  1243.2  1262.2  +i9-o(?) 

30.  1,2,3-Trimethyl-cyclohexane CtHii  1413.3  1419. 9         +6.6 

3i.  1,3,3-Trimethyl-cyclohexane...     C|Hu  1411. 5  1419- 9        +8.4 

37.  i-Methyl-ii-propyl-cyclohexane    Ci©H»  1572.8  1577-7  +4-9 

4.  Derivatives  of  Cycloheptane. 

18.  Cycloheptane C7H14        1100.6        1104.4        +3.8 

27.  Methyl-cydoheptane CgHie        1260.2        1262.2        +2.0 

32.    Bthyl-cycloheptane C|Hlt        1426 . 1        1419 . 9        — 6 .  2*(?) 

1  The  numbers  correspond  to  those  in  the  tables  of  Zubow's  data  published  in 
This  Jooinal,  42, 1092  (1920). 

'It  seems  to  me  that  the  values  for  the  2  dimethyl-cyclohexanes  (1,3)  and  (1,4) 
vt  too  small,  and  that  for  ethyl-cycloheptane  too  great.  The  heats  of  combustion  for 
these  compounds  should  be  redetermined. 
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find  out  whether  the  heats  of  combustion  of  the  C-C  and  C-H  linkages 
remain  constant  or  change  with  the  constitution. 

The  Polymethylene  Hydrocarbons. 

The  equation  of  combustion  for  a  polymethylene  hydrocarbon  CWH2« 
is  nY  +  2ttX  +  2  A(x,  y)  +  A  =  o;  or,  nZ  +  2A(x,  y)  +  A  =  o. 
Whence  we  can  compute  the  increment,  2A(x,y)  =  — A  —  nZ. 

In  Table  II  are  given  the  corresponding  data  for  the  17  polymethylene 
hydrocarbons,  binned  by  P.  W.  Zubow. 

Examining  the  above  mentioned  values  of  2A(#,  y)  we  note  that  the 
heats  of  formation  of  the  atomic  linkings  C-C  and  C-H  are  not  constant, 
but  depend  upon  the  structure  of  the  hydrocarbons.  Indeed,  if  we  should 
simplify  the  analysis  by  supposing  x  =  const.,  or  2  Ax  =  o,  then  by 
dividing  the  increments  2  Ay  by  the  number  of  the  C-C  linkings  in  the 
ring,  we  obtain  the  following  comparison. 

Tabus  III. 

Formal  a.  2Ay/». 
Polymethylene  Hydrocarbons. 

Cyclopentane CJIiq  — 0.5 

Cyclohexane C^Hu  +0. 1 

Cycloheptane C7H14  +0.5 

Methyl  Derivatives. 

Methyl-cyclobutane C»Hio  — 0.8 

Methyl-cyclopentane CeHu  — 0.2 

Methyl-cyclohexane C7H14  +0.0 

Methyl-cycloheptane CgHie  +0.3 

Dimethyl   Derivatives. 

1,3-Dimethyl-cyclopentane C7Hi4  +0.5 

1,1-Dimethyl-cyclohexane CgHie  +1  -o 

1,3-Dimethyl-cyclohexane CiHie  +1.7  (?) 

1,4-Dimethyl-cyclohexane C|Hu  +3 . 1  (?) 

Trimethyl  Derivatives. 

1 ,2,4-Trimethyl-cyclopentane CgHie  +0.6 

1,2,3-Trimethyl-cyclohexane C»Hu  4"i  •  1 

1,3,3-Trimethyl-cyclohexane C»Hn  +14 

Methyl-n-propyl  Derivatives. 

i-Methyl-3-n-propyl-cyclopentane C»Hi8  +0.2 

i-Methyl-3-n-propyl-cyclohexane CioH»  +0.8 

Table  III  is  self-explanatory.  We  see  that  increasing  the  number  of 
carbon  atoms  in  the  ring  causes  a  remarkable  increase  in  the  heat  of  forma- 
tion of  the  C-C  linkings,  and  that  the  introduction  of  the  methyl  or  the 
methyl  and  «-propyl  groups  does  not  affect  this  property. 

On  the  other  hand,  the  heat  of  formation  of  C-C  linkings  increases  on 
the  introduction  of  methyl  groups  in  the  polymethylene  hydrocarbons. 
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Tabu*  IV. 

Derivatives  of  Cyclopentane.  Derivatives  of  Cyclohexane. 

Name.                                                  ZAy/n.  Name.                                            ZAy/n. 

Cyclopentane — 0.5        Cyclohexane +0. 1 

Methyl-cyclopentane -—0.2        Methyl-cyclohexane +0.0 

1 ,3-Dimethyl-cyclopentane +0.5  1,1  -Dimethyl-cyclohexane. ...   +1.0 

1 ,24-Trimethyl-cyclopentane . . .   +0  6  1,2 ,3-Trimethyl-cyclohexane .    4"  1 . 1 

These  facts  show  that  the  constancy  of  the  heat  of  formation  of  the 
C-C  and  C-H  linkings  found  in  the  7  hydrocarbons  first  chosen  cannot 
be  accepted  as  a  general  property,  but  on  the  contrary  the  variability 
in  the  heat  of  formation  of  these  linkings  must  be  accepted  as  definitely 
confirmed.  This  variation  is,  however,  not  considerable  and  can  be 
discovered  only  by  means  of  very  exact  measurements,  and  by  binning 
very  pure  substances. 

The  Unsaturated  Hydrocarbons. 
Our  equations  of  combustion  for  hydrocarbons  containing  unsaturated 
C=C  linkings,  do  not  differ  from  the  above  mentioned  ones  for  saturated 
hydrocarbons  and  for  naphthalene,  but  the  introduction  of  the  symbol 
*yi  for  the  heat  of  formation  of  the  C  =  C  linking  is  more  convenient  for 
computation.  The  equation  of  combustion  for  an  unsaturated  hydro- 
carbon CJti2n  +  m  is  then  as  follows 
(n  —  2)  (y  +  w  —  2s)  +  2tt(x  +  w  —  z  —  u)  + 

2{yt  +  w  —  2z)  +  SA(^)  +  14  =  o. 
Rearranging,  we  obtain. 

n(y  +  w  —  2z)  +  2n(x  +  w  —  z  —  u)  +  2  A(x,y)  —  2{y  —  y2)  +  A  =  o 
or 

nY  +  2ttX  +  S  A(x,y)  —  2{y  —  y2)  =0 
and  finally 

2{y  —  yt)  —  SAfoy)  =  A  +  XX  +  27, 
The  term  2{y  —  y*)  shows  the  difference  between  the  heats  of  formation 
of  2  single  bonds  C-C  and  of  a  double  one  C  =  C. 

P.  W.  Zubow  burned  a  considerable  number  of  unsaturated  poly- 
methlene  hydrocarbons,  and  2  aliphatic  hydrocarbons.  In  Table  V 
are  collected  the  corresponding  data  and  the  computed  values. 

Table  V  shows  a  marked  variability  in  the  magnitude  of  2{y  —  ^2)  — 
£A(x,y).  The  small  number  of  aliphatic  hydrocarbons  investigated  do 
not  permit  of  any  generalization.  It  is  clear  only  that  the  heat  of  forma- 
tion of  the  C=C  linking  is  smaller  than  that  of  2  single  C-C  linkings. 
H  we  accept  this  variability  of  the  two  terms  2{y  —  y%)  and  2 A(x,y), 
it  is  also  very  probable  that  the  sum  2{y  —  yt)  —  2  A(*,y)  can  increase, 
diminish,  or  remain  constant,  depending  upon  how  the  separate  terms 
change. 
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Table  V. 

No.  Name.  Formula  and  Structure.  A  mm.      ZX  +ZY.     Hy—yi) 

*  (— )  - 

Aliphatic  Hydrocarbons. 

9.  Hexylcnc C,HW  C,Hr.CH  -  CH.CH,     961 .9      946.6      15  3 

1.  Trimethyl-ethylene C*H»  (CH,),C  -  CH(CHt)     803.2      788.9      14  3 

Derivatives  of  Cyclopentene. 
pjt     CH|  CH, 

20.  Trimethyl-cyclopentene.   CHu  y/  1206.9     1208.9    —2.0 

CH,/N 1 

CH     CHg  CH, 

21.  Laurolene CsHh  >C  1207.0    1208.9    — 1.9 

CH./^ 1 

Derivatives  of  Cyclohexene. 
6.     Cyclohexene C«HW   \ y  900.9      893.4        7  5 

1 1 .  Methyl-  ( 1 )  -cyclohex- 

ene-(i) C7HW   CH^~~ S  1053. 6    10511        2.5 

12.  Methyl-(i)-cyclohex-  

ene-fo) C7H1,    CH«\_~_/  x°55  9    1031.1        4-* 

13.  Methylcne-cyclohcxene..  C7H1S    CH*=^       \  1056.6     105 1.1        5.5 

22.  1,3-Dimethyl-cydo-  CHt 

hexene C,Hi,   CH#^       ^  1209.5     1208.9        0.6 

Derivative  of  Cycloheptene. 
15.     Cycloheptene CjHu    v  j  1063.0     1051.1       11. 9 

Tabub  VI. 

No.  Name.  Formula.       Structure.  IA(x,y).  ZA(*.y).    2(y — yfi. 

6.     Cyclohexene C«Hio       x™*"V  y  5      Q  Q  ^  ^ 

1 1.  Methyl-cyclohexene-1,1 C7H11        CH,/         S      2.5      0.2  2.7 

12.  Methyl-cyclohexene-1,3 C7H11       CHj/^        %       4.8      0.2  5.0 

13.  Methylene-cyclohexane C7H1S        CH, « S     ^S  5.5      0.2  5.7 

CH, 
22.     i,3-Dimethyl-cyclohexene-3 C«Hu      CHi^        %       6.6      5.8  6.4 

CH       CH|__ 

20.  Trimethyl-cyclopentene. CHu  /C  ~" 2°      3'°  IO 

CH,'  N ' 

CH,  CH, 

21.  Laurolene CiHu    CH^       |        — 1.9      3-o  * •  1 

With  regard  to  polymethylene  hydrocarbons  containing  the  C«C  link- 
ing, the  diminution  of  2{y — y%) — 2A(x,y)  is  very  remarkable.  It  can  de- 
pend upon  2  causes:  upon  the  diminution  of  the  heat  of  formation  of  the 
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C= Clinking,  iy\\  or  upon  the  increase  of  2  Afay).  But  above  we  observed 
in  the  case  of  methyl  derivatives  of  polymethylene  hydrocarbons  the  in- 
crease of  these  numbers,  then  simplifying  the  analysis  we  can  suppose 
that  the  increases  2  Afay)  remain  the  same  in  the  case  of  saturated  and 
unsaturated  hydrocarbons,  CMH2w  and  CwH2n_2. 

Accepting  this  supposition,  Table  VI  gives  the  corresponding  data. 

In  spite  of  the  approximate  nature  of  these  calculations,  it  is  clear 
that  the  heat  of  formation  of  the  unsaturated  C=C  linking  varies  within 
very  wide  limits.  It  is  also  probable  that  2(y  —  ^2)  can  in  separate  cases 
be  equal  to  zero,  when  27  =  iy%  (for  example  in  naphthalene),  or  may 
differ  but  little  from  zero  as  in  the  case  of  laurolene  and  isolaurolene. 

The  data  for  hydrocarbons  containing  2  unsaturated  bonds  could  also 
be  used  for  the  confirmation  of  the  above  statements,  if  the  number  of 
hydrocarbons  which  have  been  investigated  were  not  so  few. 

Tabus  VII. 

No.  Name.  Formula.        Structure.  ^gas.         i. — )      ~  2A(xy) 

4.   D&ydrobenzene C«Hs       ^       \  843 . 1      840 .1    3.0 

CH, 
13.    1.3-Diniethyl-dihydrobenzene,  CtHM      CH«^       %         11 62. 7    1x55. 6    7  •  1 

If  we  accept  the  constancy  of  2  Afay)  in  the  saturated  and  unsaturated 
hydrocarbons,  we  obtain  the  following  numbers  for  2(3/  —  y2), 

4(>— *)  —  ZA(x,y).        ZA(x,y).  2(y— *). 

Dihydrobenzene* 3.0  0.0  1.5 

i^-Dimethyl-dihydrobenzene 7.0  5.8  6.4 

*  It  must  also  be  noted  that  Zubow's  value  843. 1  for  dihydrobeuzene  does  not  agree 
with  Stohmann's.  The  latter  made  a  correction  for  the  gaseous  state  of  +9.9  cal.f  for 
the  hydrogen  scale  of  — 0.3%,  and  for  the  true  heat  capacity  of  water  of  — 0.1%, 
giving  856.4.     If  we  accept  this  number,  we  obtain  4(y  —  y$)  —  2A(x,y)  *  16.3  or 

a(y  —  *)  -  8.1. 

The  same  results  can  be  obtained  in  another  way,  namely,  by  using  data 
corresponding  not  to  the  substances  in  the  gaseous  state,  but  to  the  liquid 
at  1 8°.  If  we  subtract,  for  example,  the  equation  of  combustion  of  cyclo- 
bexeae  from  the  one  for  cyclohexane, 

Cydohexane:    6Y  +  12X  +  2  Afay)  +  Ax  =  o. 

Cydohexene:    2{y  —  yt)  +  jY  +  10X  +  2 A' fay)  +  A2  «=  o 
we  obtain, 

-*(?  —  >*)  +  *X  —  Y  +  2  Afay)  —  "LA9 fay)  +  A,  —  A2  -  o. 
Assuming  2  A (x,y)  —  2  A'(xty)t  we  can  compute  2{y  —  y2)  =  A*  —  A\  — 
2X  +  y,  where  X  =  — 52.76  cal.,  Y  =  — 52.25  cal.,  Ai  =  936.3  cal., 
and  A%  =  891.2  cal.     Finally  2{y  —  y2)  =  8.2  cal.      Similarly,  by  the 
first  method  of  computation,  we  obtained  2(7  —  y2)  =  7.5  cal. 
Table  VIII  gives  several  examples  of  this  computation. 
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TABU*  VIII. 

Comptttated 
by  the  lint 
Compared  hydrocarbons.  At.  Ax.       2(y— yj).     method. 

Methyl- 1 -cyclohexene- 1 .   Methyl-cyclohexane 1040 .9  1091.8  2.4  2.7 

Methyl- 1 -cyclohexene-3 1043 . 6  1091 .8  5.1  5.0 

1 , 1 ,2-Trimethyl-cyclopentene-2 .     1 ,2,4-Tri- 

methyl-cyclopentane 1 193 .3  1245 .4  1.2  1 .0 

The  complete  agreement  of  the  results  obtained  shows  that  both  meth- 
ods can  be  used  to  evaluate  2{y  —  ya). 

Summary. 

1.  By  analysis  of  the  equations  for  the  combustion  of  hydrocarbons 
we  obtain  the  terms  (y  +  w  —  22)  =  Y  and  (x  +  w  —  z  —  u)  =  X, 
corresponding  to  the  heats  of  combustion  of  the  Unkings  C-C  and  C-H. 
These  terms  have  been  named  the  thermochemical  characteristics  of 
the  C-C  and  C-H  Unkings. 

2.  The  analysis  showed  the  constancy  of  the  thermochemical  character- 
istics of  the  C-C  and  C-H  linkings  in  the  following  5  hydrocarbons, 
n-hexane,  w-octane,  w-decane,  cyclohexane,  and  naphthalene.  There- 
fore, if  the  molecule  of  naphthalene  contains  the  double  bond  C  =  C,  the 
heat  of  formation  of  this  double  bond  is  exactly  the  same  as  that  of  2 
single  C-C  linkings. 

3.  Likewise  the  thermochemical  characteristics  of  C-H  and  G-C  bonds 
are  the  same  in  methane  and  ethane  as  in  the  above  mentioned  5  hydro- 
carbons, the  computation  being  based  on  the  corrected  data  of  Thomsen. 

4.  The  foUowing  values  for  the  thermochemical  characteristics  of  C-C 
and  C-H  linkages  and  of  the  homologous  difference  were  computed  and 
adopted,  x  =  —  53.72  cal.,  Y  =  — 52-25  cal.,  Z  =  2X  +  Y  =  — 157-77 
cal. 

5.  In  spite  of  the  proved  constancy  of  the  thermochemical  character- 
istics of  the  C-C  and  C-H  linkages  in  5  saturated,  one  polymethylene 
and  one  aromatic  hydrocarbons,  further  analysis  has  shown  its  variabiUty 
in  other  hydrocarbons  which  have  been  examined. 

•  6.  It  is  definitely  established,  that  the  heat  of  formation  of  the  C-C 
linking  increases  with  the  increase  in  the  number  of  carbon  atoms  in  the 
ring  of  polymethylene  hydrocarbons,  and  that  the  heat  of  formation  of 
the  same  linking  is  increased  by  the  replacement  of  a  hydrogen  atom  by  a 
methyl  or  n-propyl  group. 

7.  The  increase  in  y  is  not  considerable.  In  the  case  of  polymethylene 
hydrocarbons  it  varies  within  the  limits  — 0.5  to  +0.5  in  the  series  of 
cyclopentane,  cyclohexane,  and  cycloheptane.  It  varies  within  the 
limits  — 0.8  to  +1 .7  when  1,  2,  or  3  methyl  groups  are  introduced  in  the 
molecule  of  the  polymethylene  hydrocarbons  which  have  been  studied. 

8.  The  analysis  of  the  data  on  unsaturated  hydrocarbons  shows  a  very 
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important  difference  2  (y  —  y%)  between  the  heat  of  formation  of  2  single 
linkages,  C-C,  and  of  the  double  one,  C  =  C.  This  difference,  due  to  the 
change  of  constitution  of  the  hydrocarbons  examined,  varies  within  the 
very  large  limits  +8.0  cal.  to  +1.0  cal.  In  special  cases  it  is  possible 
that  2(y  —  y%)  can  be  equal  to  zero  (for  example,  in  naphthalene). 

All  of  these  computations  are  based  on  the  newly  corrected,  very  exact 
measurements,  accumulated  by  only  one  investigator,  P.  W.  Zubow. 

The  values  of  thermochemical  characteristics  can  at  present  be  con- 
sidered as  rough  material  for  further  mathematical  elaboration  of  theories 
of  valence. 

Waasaw,  Polamd. 


(THnmKTH  Contribution  ntou  the  Color  Laboratory,  Bureau  of  Chemistry, 
Department  op  Agriculture.] 

•THE  ABSORPTION  SPECTRA  OF  THE  NITRIC  ESTERS  OF 

GLYCEROL," 

By  Elliot  Quincy  Adams. 

Received  Much  18,  1920. 

Hepworth,1  from  a  study  of  the  absorption  spectra  of  the  nitric  esters 
of  glycerol,  concludes  that  it  is  evident  that: 

"(i)  The  labile  and  stable  forms  of  nitroglycerin  are  physical  isomerides,  and  both 
forms  are  identical  in  aqueous  solution. 

"(2)  Commercial  nitroglycerin  is  more  absorptive  than  pure  nitroglycerin. 

"(3)  The  order  of  increasing  absorption  in  aqueous  solution  is  ^-mono- 
nitrate, a-mononitrate,  a,7-dinitrate,  o^jS-dinitrate,  and  tri-nitrate. 
"(4)  o-Methyftn1  dinitrate  is  rather  more  absorptive  than  glycerol  a,0-dinitrate. 

"(5)  The  displacement  of  a  hydrogen  atom  of  one  of  the  hydroxyl  groups 
of  glycerol  by  a  nitro  group  produces  a  much  more  profound  change  in 
the  absorption  spectrum  than  the  displacement  of  one  or  both  hydrogen 
atoms  of  the  remaining  hydroxyl  groups. 

"{6)  There  does  not  appear  to  be  any  numerical  proportionality  be- 
tween the  number  of  hydrogen  atoms  of  the  hydroxyl  groups  displaced 
by  nitro  groups  and  the  degree  of  absorption  for  any  particular  dilution." 

The  absorption  spectra  are  given  in  3  plots  of  the  logarithm  of  the 
relative  thickness  in  mm.  of  0.00005  N  aqueous  solution  against  the 
oscillation  frequency.3 

To  determine  whether  there  is  any  proportionality  between  the  num- 
ber of  nitrate  radicals  and  the  absorption,  it  is  necessary  first  to  consider 
1  Harry  Hepworth,  /.  Chem.  Soc,  115,  840-7  (191 9). 

1  a-Methylin  is  glycerol  a-methyl  ether.  The  parts  of  the  summary  in  fine  print 
are  not  referred  to  again  in  this  paper. 

1  In  the  scales  of  logarithms  a  decimal  point  has  been  omitted.  It  is  fairly  evident 
that  the  standard  concentration  is  1/20,000  gram  molecular.  The  oscillation  frequency 
is  the  reciprocal  of  the  wave  length  in  mm. 
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what  relation  is  to  be  expected.  A  solution  showing  the  normal  relation 
between  concentration  and  absorptive  power  is  said  to  obey  Beer's  Law, 
if  the  product  of  concentration  and  thickness  of  layer  be  kept  constant, 
the  absorption  will  remain  the  same.  For  such  a  solution  the  logarithm 
of  the  ratio  of  incident  to  transmitted  light  divided  by  the  concentration 
and  by  the  thickness  gives  a  constant,  known  as  the  "specific  extinction 
coefficient1'  or  the  "molecular  extinction  coefficient"  according,  respec- 
tively, as  the  concentration  is  in  grams  per  liter  or  mols  per  liter.  A  fair 
comparison  of  substances  of  different  molecular  weight  requires  the  use 
of  the  molecular  extinction  coefficient,  or  of  some  quantity  proportional 
to  it.  To  obtain  such  a  value  for  the  relative  molecular  extinction  coeffi- 
cient, or  more  briefly  the  absorptive  power,  from  the  plots  of  Hepworth, 
the  intercepts  of  the  ordinates  for  oscillation  frequencies  v  =  4200  mm."1 
(reciprocal  millimeters)  and  v  =  4300  mm,"1  between  the  several  curves 
and  the  top  lines  of  the  plots  (log  relative  thickness  =  4)  have  been 
read  and  the  numbers  corresponding  to  these  logarithms  recorded  in  Table 
I  as  AJC. 

The  "calculated'9  values  of  the  absorptive  power  assume  equal  effect 
for  each  nitrate  radical,  and  have  been  obtained  by  taking  at  each  oscilla- 
tion frequency  */•,  */»,  and  V«>  respectively,  of  the  sum  of  the  absorptions 
of  the  5  nitrates.  It  will  be  seen  that  the  agreement  is  all  that  can  be  ex- 
pected until  account  is  taken  of  the  difference  between  isomers. 
Tabus  I. — Rblattvb  Molecular  Extinction  Coefficients. 


Designation 
according  to 

p  m  4200  mm.-1. 

p  —4300  mm.-1. 

Mean.e 

Will.     Adams. 

log.«    Ap/C.    Calc* 

log."     Ap/C 

Calc.* 

Ap/C.   Calc* 

- 

Glycerol        [ — 00  ]  0        0 

[—00]      O 

O 

O         O 

0-          a- 
a-         fl- 

Mononitrate  0.18     1.5 
Mononitrate   0.30    2.0 

O.62        4.2 

o.74      5-5 

4-2 

2.8    2.5 

3.8  3.8 

ay-       ay- 
a0-       afi- 

Dinitrate         0.39    2.5 

3  3 

Dinitrate         0.54    3.5 

0.84      6.9 
0.95       8.9 

8.5 

4-7     50 
6.2     6.2 

«£y-    afiy- 

Trinitrate        0.74    5.5    5.0 

1. 10     12.6 

12.7 

9.0    8.8 

*  Obtained  by  reading  down  from  top  line  of  plots  of  Hepworth,  loc.  cit.,  p.  842. 
The  succession  of  integers  and  half-integers  at  r  =-  4200  mm.'1  suggests  that  readings 
were  taken  at  this  oscillation  frequency  (among  others)  and  with  an  accuracy  of  0.5 
unit  of  the  (arbitrary)  scale  of  relative  absorptive  power  (relative  molecular  extinction 
coefficient). 

*  Assuming  equal  effect  for  each  nitrate  radical;  this  is,  of  course,  only  a  first  ap- 
proximation. 

*  Since  the  experimental  error  in  such  measurements  is  considerable,  the  final 
comparison  is  made  on  the  mean  of  the  2  absorption  values. 

d  Assuming  2.5  for  the  effect  of  a  nitrate  radical  in  a{—  y)  position  and  3.75  for 
one  in  the  /^-position.    See  Pigs.  1  and  2. 

The  difference  between  isomers  is  most  simply  explained  as  due  to  the 
difference  in  the  absorptive  effect  of  a  nitrate  radical  according  as  its 
attachment  to  carbon  is  primary  or  secondary.     As  the  designations 
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for  the  isomers,  as  given  by  Hepworth,  are  not  compatible  with  such  an 
explanation,  it  will  be  well  to  examine  the  evidence  for  those  designations. 

Hepworth  (loc.  cit.)  gives  no  evidence  for  the  designations,  other  than 
that  given  by  the  work  of  Nef1  and  Will.2    Nef  prepared  "Glycidnitrat" 

'J.  U.  Nef,  "Dissodationsvorgange  in  der  Glycol-Glycerinreihe/*   Ann.,  33S1 
238  (1904). 

8  W.  Will,  "Uber  Glycerin-nitrate/'  Ber.t  41,  1107-25  (1908). 
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by  the  interaction  of  epi-iodohydrin  and  silver  nitrate.  This  substance, 
on  heating  with  water  at  ioo°,  gave  an  oil  easily  soluble  in  water  and 
ether,  "welches  wohl  a-Mono-nitroglycerin  darstellt."  Will  prepared 
the  entire  series  of  nitrates  and  established  their  composition  by  the 
analysis  of  their  derivatives,  particularly  the  nitrobenzoyl  esters.  He 
inferred  the  constitution  of  the  isomeric  mono-  and  dinitrates  from  the 
products  resulting  from  the  further  nitration  of  the  mononitrates  (see 
Pig.  i),  the  mononitrate  from  which  2  dinitrates  were  obtained  being 
called  a,  and  that  from  which  only  one  dinitrate  resulted,  0.  Since  mixed 
melting  point  observations  prove  the  identity  of  his  a-mononitrate  with 
that  prepared  by  the  method  of  Nef  ,  the  results  of  these  two  investiga- 
tors agree,  and  both  must  be  accounted  for  before  any  change  can  be 
made  in  the  designations  of  the  mononitrates. 

€Lpy~TRiNIT*AT€ 

+  Obscwcd 
O    Calculate o 

$£C  Tabic  I 


% 


OsCfLLA  T/O/V         FJR£  Q  UCHCY 

Fig.  2. 


v.  4300* 


Qlyccaoi 


Will  states1  "In  the  investigation  of  the  nitration  it  is  further  shown 
that  the  ^-mononitrate  is  more  readily  nitrated  to  the  trinitrate  than  is 
the  a-mononitrate.  By  cautious  nitration  to  the  dinitrate  the  0-mono- 
nitroglycerin  does  not  furnish  both  dinitroglycerins,  as  the  mononitrate 
melting  at  58  °  does,  but  it  was  possible  to  obtain  only  one  such,  namely, 
1  Loc.  cit.,  pp.  1 1 19,  1 12 1.  In  one  case  cone,  nitric  add,  sp.  gr.  1.52,  was  used; 
in  the  other  dilute  acid' (20%  HtO). 


Digitized  by 


Google 


ABSORPTION  SPECTRA  OP  NITRIC  ESTERS  OP  GLYCEROL.  1325 

the  dinitrate  designated  above  as  dinitroglycerin  F."  The  trinitrate 
was  formed  also  in  both  cases.  The  significance  of  this  marked  differ- 
ence in  ease  of  nitration  must  be  considered  further. 

Differences  in  the  rates  of  nitration  of  the  various  mono-  and  dini- 
trates  will  be  due  to  2  factors,  an  intrinsic  difference  in  the  reactivity  of 
hydroxyls  in  the  a-  and  0-position,  and  the  steric  effect  of  the  nitrate 
radicals  already  present.  These  may  act  in  2  ways,  they  may,  by  their 
size  or  mass,  decrease  the  reactivity  of  neighboring  groups,  the  familiar 
"steric  hindrance;"  and  they  may  be  so  situated  as  to  render  the  mole- 
cule optically  active.  Since  nitric  acid  is  a  substance  optically  inactive, 
and  since  in  no  case  do  enantiomorphs  behave  differently  with  inactive 
reagents,  there  is  no  reason  to  expect  the  possibility  or  impossibility  of 
optical  activity  to  have  any  effect  on  the  rate  of  nitration.  If  the  a-hy- 
droxyl  were  the  reactive  one,  no  great  difference  in  the  reactivity  of  the 
two  mononitrates  should  be  expected  (see  Fig.  1),  since  both  have  at 
least  one  such  hydroxyl,  and  the  steric  hindrance  will  be  less  in  the  case 
of  the  a-mononitrate  which  has  only  one.  If,  on  the  other  hand,  the 
0-hydroxyl  is  the  more  reactive,  the  a-mononitrate,  which  has  it,  should 
be  appreciably  more  reactive. 

On  the  basis  of  this  assumption  the  following  behavior  with  dil.  nitric 
acid  is  to  be  expected  with  the  /3-mononitrate  little  or  no  action,  since  it 
has  only  unreactive  hydroxyls  blocked  by  an  adjacent  nitrate  radical; 
with  the  a-mononitrate  the  principal  product,  by  replacement  of  the  re- 
active hydroxyl,  will  be  the  a,0-dinitrate  which  will  not  react  further,  but 
the  unblocked  a-hydroxyl  may  be  expected  to  react  to  some  extent,  giv- 
ing the  a,7-dinitrate,  the  reactive  0-hydroxyl  of  which  will  be  replaced 
to  give  the  trinitrate.  This  agrees  in  all  details  with  the  results  of  Will,1 
but  requires  a  reversal  of  his  designations  a-  and  0-  for  the  mononitrates. 

The  relatively  unreactive  ^-mononitrate,  on  treatment  with  cone, 
nitric  acid  would  give  in  the  first  instance  the  a,0-dinitrate,  by  the  further 
nitration  of  that  compound  the  trinitrate;  the  rise  in  temperature  re- 
sulting from  the  dilution  of  the  excess  of  cone,  nitric  acid  with  water2 
would  cause  a  partial  hydrolysis  of  the  trinitrate  to  give  the  a,7-dinitrate; 
hence  the  ether  extract  of  the  resulting  solution  will  contain  (as  Will 
found)  both  dinitrates  and  some  trinitrate. 

It  remains  to  account  for  the  production  of  the  ^-mononitrate  by  the 
method  of  Nef  from  "glyddnitrat,"*  by  the  action  of  boiling  water.  By 
reference  to  Fig.  3  it  will  be  seen  that  "glycidnitrat"  contains  2  particu- 
larly reactive  groups;  an  ethylene  oxide  ring  and  a  double  bond.    If  a 

1 W.  Will,  "Das  a-mononitrat  schied,  unter  gleichen  Bedingungen  oitriert,  fiber- 
haupt  kein  5l  ab,"  loc.  cit.t  p.  nai. 
1 W.  Wffl,  loc.  cii.,  p.  1 1 19. 
1  J.  U.  Nef,  "Glydd  is  7-hydroxy-propylene  oxide,"  loc,  cit. 
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rearrangement  occurs,  there  would  be  formed  glyceryl  orthonitrate1 
which,  by  the  addition  of  water,  could  give  either  mononitrate.  Again, 
"glycidnitrat"  is  insoluble  in  water;  hydrolysis  to  "glycid"  and  nitric 
add  would  permit  it  to  go  into  solution.  In  a  subsequent  addition  of 
nitric  acid  to  the  ethylene  oxide  ring  the  negative  nitrate  radical  would  be 
expected,  by  analogy  to  additions  to  unsaturated  hydrocarbons,  to  add 
to  the  j3-carbon  atom.  Finally,  if  the  "glycid"  should  first  hydrate  to 
glycerol,  the  nitration  of  this,  according  to  the  results  of  Will,*  should 
H  H 
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1  Orthonitrates  have  not  been  described.  Orthophosphates  and  orthosilicates 
are  well  known ;  orthocarbonates  are  unknown  as  salts  but  have  been  prepared  as  esters, 
and  by  analogy  the  same  should  be  true  of  the  orthonitrates. 

1  W.  Will,  he.  cit.,  p.  1 12 1.  It  should  be  borne  in  mind  that  Will's  use  of  the  pre- 
fixes a-  and  0-  is  exactly  the  reverse  of  that  in  the  text  above,  as  concerning  the  sub- 
stances designated;  in  both  cases  it  signifies  the  structure  assigned  to  the  compounds. 
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give  a  product  96-97%  of  which  would  be  the  same  0-mononitrate.  While 
no  one  of  these  reactions  is  proved  to  occur,  the  formation  of  a  mono- 
nitrate from  "nitroglycid"  cannot  be  said  to  prove  that  it  is  the  a-mono- 
nitrate  when  it  is  possible  to  account  for  the  production  of  the  0-mono- 
nitrate  in  3  different  ways. 

To  return  to  a  consideration  of  the  relation  between  constitution  and 
absorptive  power;  the  last  two  columns  of  Table  I  compare  the  mean  of 
the  absorptions  observed  at  v  =  4200  mm,*"1  and  v  =  4300  mm.""1  with 
values  calculated,  assuming  that  each  "primary"  nitrate  radical  contri- 
butes 2.5  to  the  mean  relative  absorptive  power,  and  each  "secondary" 
nitrate  radical  3.75. l  The  agreement  between  the  absorptions  observed 
and  calculated  is  well  within  the  probable  error  (about  0.35  unit). 

Summary. 

1.  In  plotting  absorption  spectra  the  use  of  the  logarithm  of  the  specific 
(or  molecular)  extinction  coefficient  should  be  avoided,  since  it  tends  to 
obscure  the  relation  between  constitution  and  absorption. 

2.  The  designations  a-  and  0-  applied  by  WiU*  to  the  two  mononi- 
trates derived  from  glycerol,  should  be  interchanged. 

3.  It  is  possible  that  the  "glycidnitrat"  described  by  Net*  is  glyceryl 
orthonitrate. 

4.  The  absorption  spefctra  of  the  nitric  esters  of  glycerol,  as  given  by 
Hepworth,4  can  be  completely  accounted  for  on  the  assumption  that  each 
nitrate  radical  has  an  absorptive  effect  dependent  upon  its  location  in 
the  molecule,  but  independent  of  the  presence  or  absence  of  other  nitrate 
radicals. 

5.  The  absorptive  effect  of  the  nitrate  radical  is  about  1.5  times  as 
great  when  it  replaces  the  /3-hydroxyl  of  glycerol  as  when  it  replaces  an 
o-hydroxyl. 

WAAHUtGTOK,    D.   C. 

1  The  accuracy  of  the  data  does  not  warrant  expressing  these  numbers  to  better 
than  quarter-units.    The  ratio  of  2 :  3  between  them  is  accidental. 

*  W.  Will,  "Uber  Glycerin-nitrate,"  Ber.t  41,  1107-25  (1908). 

•  J.  U.  Nef,  Ann.,  335,  238  (1904). 

4  Harry  Hepworth,  /.  Chem.  Soc.t  115,  840-7  (1919). 
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[Contribution  prom  thb  Kent  Chemical  Laboratory  op  the  University  op 

Chicago.  ] 

A  FORCE,  APPARENTLY  DUE  TO  MASS,  ACTING  ON  AN  ELEC- 
TRON, AND  THE  NON-IDENTITY  OF  ISOTOPES  IN 
SPECTRA  AND  OTHER  PROPERTIES. 

By  William  D.  Harkins  and  Lester  Aronbero. 

Received  April  5.  1920 

Both  electrostatic  and  gravitational  forces  follow  an  inverse  square  law, 
and  the  constants  are  such  that  the  gravitational  force  is  only  4.1  X 
io""40  times  the  electrostatic,1  when  one  of  the  masses  consists  wholly  of 
positive,  and  the  other  of  negative  electrons.  The  smallness  of  such  a 
gravitational  force  would  seem  to  indicate  that  when  an  electron  in  the 
outer  part  of  an  atom  vibrates  under  the  restraining  force  due  to  the  at- 
traction of  the  positive  charge  on  tne  nucleus  of  the  atom  (modified  by 
the  effects  of  the  adjacent  negative  electrons),  its  vibration  will  depend 
wholly  upon  the  charge  and  not  at  all  upon  the  mass  of  the  nucleus,  inso- 
far as  experimental  methods  are  able  to  decide.  It  need  not,  then,  be 
surprising  that  Bohr's  first  equation2  for  the  possible  frequencies  emitted 
by  the  simplest  atoms,  such  as  hydrogen  and  helium,  contained  no  term 
which  took  account  of  the  mass  of  the  nucleus.  However,  Fowler,  in 
a  discussion  in  Nature,3  pointed  out  that  certain  of  the  formulas  which 
had  been  used  did  not  give  accurately  the  lines  found  by  him,  and  this 
led  Bohr  to  show  that  the  deviations  could  be  accounted  for  by  the  intro- 
duction of  a  term  for  the  mass  of  the  central  nucleus.  Thus  the  Bohr 
equation4  became 

2ir2e*E2  mM 


h*  (M  +  m) 

where  v  is  the  frequency  of  the  emitted  light,  e  and  E,  and  m  and  M ,  are 
the  charge  and  mass  of  the  electron  and  the  nucleus,  respectively.  It 
is  clear  that  this  equation  does  not  assume  the  existence  of  any  force  due 
to  the  mutual  action  of  the  masses  of  the  positive  and  the  negative  elec- 
tron, since  the  mass  term  is  introduced  for  the  purpose  of  correcting  for 
the  displacement  of  the  nucleus  from  the  center  of  gravity  of  the  system, 
negative  electronucleus,  with  a  change  in  the  mass  of  the  nucleus. 

Five  years  ago  it  occurred  to  one  of  the  writers  that  the  best  test  of 
the  effect  of  mass  as  independent  of  a  net  charge,  in  attracting  a  negative 
electron,  could  be  made  by  the  use  of  isotopes,  such  as  those  of  lead,  for 
the  net  positive  charge  on  the  nuclei  of  isotopes  is  the  same,  but  the  mass  is 
1  Richardson,  "The  Electron  Theory  of  Matter/'  p.  590.  Cambridge  University 
Press,  1 91 4. 

*  Phil.  Mag.,  26,  10  (1913). 

•  Nature,  92,  95  (1913). 
4  Ibid.,  92,  231  (1913)- 
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different.  It  seemed,  however,  both  from  the  standpoint  of  theory  and 
of  past  experimental  experience,  that  there  was  little  chance  for  the  dis- 
covery of  such  an  effect,  since  the  Bohr  theory  predicted  a  difference 
between  the  wave  length  of  the  principal  line  in  the  spectrum  of  ordinary 
lead  and  of  that  derived  from  radium  (radium  G),  of  only  0.00005  Ang- 
strom, which  is  too  small  a  difference  to  detect  by  the  use  of  even  the 
eschetans  and  gratings  which  give  the  highest  dispersion.  In  addition 
to  this  prediction  of  theory,  there  was  the  fact  that  at  least  7  careful 
experimental  investigations  had  all  resulted  in  the  conclusion  that  the 
spectra  of  isotopes  are  identical.  These  investigations  were  as  follows: 
those  of  Russell  and  Rossi,1  and  of  Exner  and  Haschek,2  using  thorium 
and  ionium;  that  of  Aston'  on  the  isotopes  of  neon;  that  of  Soddy  and 
Hyman4  on  lead  from  thorium  and  ordinary  lead,  and  finally  those  of 
Richards  and  Lembert,6  H6nigschmidt  and  St.  Horivitz,6  and  of  Merton,7 
on  Radium  G  and  ordinary  lead.  Merton  used  a  grating,  and  finally 
a  Fabry  and  Perot  £talon,  and  concluded  from  his  work  with  the  latter 
that  there  is  no  difference  in  wave  length  as  great  as  0.003  A.  for  the  line 
X4058  in  the  spectrum  of  ordinary  lead  and  of  radium  G. 
The  Nature  of  Isotopes. 
Isotopes  are  atomic  species  whose  atoms  contain  the  same  number  of 
planetary  electrons,  and,  as  is  evidenced  by  the  great  likeness  in  their 
spectra,  these  electrons  must  form  a  system  of  almost,  but,  probably  not 
quite,  identical  configuration.  The  net  positive  charge  on  the  nuclei 
of  i9otopic  atoms  is  the  same,  but  either  the  stability  or  else  the  mass  of 
the  nuclei  are  different.  In  the  radioactive  series,  isotopes  derived  from 
the  same  ancestor,  either  uranium  or  thorium,  if  they  differ  at  all  in  mass, 
have  nuclei  which  differ  by  an  a-partide  (the  nucleus  of  a  helium  atom) 
and  by  2  electrons,  which  may  be  called  cementing  electrons.  If  n  is 
taken  as  the  symbol  of  the  hydrogen  nucleus — the  positive  electron — and 
fi  as  that  of  the  negative  electron,  then  the  a-particle  is  0?4+ft~)++.  The 
a-partide  together  with  the  2  cementing  electrons  which  unite  it  to  the 
rest  of  the  nucleus,  may  be  said  to  have  the  formula  ((174 +04~),  which  will 
be  described  by  the  term  "helio  group,"  and  this  has  a  zero  net  charge. 
That  is,  isotopes  of  different  masses,  if  derived  from  the  same  ancestor, 
have  nuclei  which  differ  by  one  or  two  helio  groups.  Isotopes  which 
are  derived  from  different  ancestors  (uranium  and  thorium)  have  nudei 
which  differ  by  the  group  (171 +ft"),  which  maybe  called  the  mu  (m)  group, 
1  Proc.  Roy.  Soc.  (London),  87,  478  (1912). 

*  Site.  Akad.  Wis*.,  Wien  (Abt.  Ho),  iai,  175  (1912). 

*  Brit.  Assoc.  Meeting,  1913,  p.  403. 
4  /.  Chem.  Soc.t  105,  1402  (1914). 

1  Ttas  Journal,  36, 1329  (19x4)* 

*  Sit*.  Akad.  Wiss.,  Wien  (Abt.  I  I  a),  123,  Dec.  (1914). 
'  Proc.  Roy.  Soc.  (London),  91,  198  (1914). 
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by  the  difference  between  a  mu  and  a  helio  group  or  by  both  a  mu  and  a 
helio  group.  Among  the  light  atoms  the  only  known  isotopes,  those  of 
neon  discovered  by  Thomson,  and  those  of  chlorine,  presumably  separated 
by  Harkins  and  Broeker,1  and  with  atomic  weights  35  and  37  as  determined 
by  the  positive  ray  method  by  Aston,1  differ  by  the  mu  group.  It  is 
probable  too,  that  the  isotopes  of  magnesium  and  silicon,  claimed  by 
Harkins  to  exist  (provided  the  most  recent  atomic  weights,  24.3  for  mag- 
nesium and  28.1  for  silicon  are  sufficiently  exact),  differ  also  by  the  mu 
group. 

In  addition  to  the  groups  specified  above,  there  is  another,  which,  like 
the  a-group  without  its  cementing  electrons,  does  not  by  itself  give  rise  to 
the  existence  of  an  isotope,  since  its  net  charge  is  one  positive.  This  is 
either  the  X+++  group,  (lithium  nucleus  group)  or  the  nu  (v+)  group. 
Which  of  these  is  the  primary  group  cannot  well  be  decided  at  the  present 
time.  If  it  is  the  v  or  (i7s+&~)+  group,  then  X  is  equivalent  to  car.  For 
the  sake  of  simplicity  the  latter  representation  will  be  chosen.  It  is 
evident  that  isotopes  might  be  formed  by  the  addition  of  one  v  group, 
together  with  one  cementing  electron.  This  would  be  equivalent  in  the 
sense  of  composition,  to  the  inclusion  of  a  group  vfi,  or  i;»+A*"j8~,  but  does  not 
imply  that  the  third  negative  electron  is  directly  associated  with  the  other 
two.  Isotopes  might  also  be  formed  by  the  inclusion  of  one  positive  and 
one  negative  electron  (if  +0*~),  though  members  of  this  last  class  have  not 
been  discovered,  nor  have  those  which  contain  the  m+fc~P~  electron 
addition,  but  the  latter  may,  and  probably  will,  be  discovered  later  in  the 
range  between  atomic  numbers  28  and  82. 

The  formula  of  lead  from  radium  (radium  G)  is,  according  to  Harkins,1 
(a§i++fto~M)81+*,78*4!  where  e  represents  an  electron  in  the  valence  shell, 
and  e'  a  planetary  electron  in  an  inner  shell.  That  of  lead  from  thorite,  of 
atomic  weight  208,  is  (a62++/?it~")M+tf'78*4.  Ordinary  lead  is  either  a  mixture 
of  these  two  isotopes,  or  it  is  an  individual  of  the  formula  (a*o++X+++0~2i)81 
e'l&t  or  (an++!»+/Sn~)*^4.  These  last  two  are  simply  two  different  sym- 
bolic expressions  for  the  same  composition.  The  atomic  weight  evidence 
is  slightly  in  favor  of  the  idea  that  it  is  a  mixture  of  the  two  isotopes. 
Also,  ordinary  lead  is  much  more  stable  than  is  to  be  expected  in  general 
for  an  atom  of  such  high  nuclear  charge  whose  nucleus  contains  an  odd 
number  of  negative  electrons,  since  relative  instability  usually  accompanies 
the  presence  of  an  odd  number  of  negative  electrons.  If  ordinary  lead 
is  an  individual  isotope,  then  each  of  its  nuclei  contains  one  positive  and 
one  negative  electron  in  excess  of  those  contained  in  the  lead  from  radium, 
and,  in  any  case,  this  is  the  average  difference. 

1  Phys.  Rev.,  15,  74  (1920);  Science,  N.  S.,  51,  289-91  (1920);  Nature,  105,  230-1 
(1920). 

*  Nature,  104,  392  (19 19). 

1  Phys.  Rev.,  15,  73~94  (1920). 
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The  Spectra  of  Isotopes. 

The  use  of  the  conception  of  gravitational  fields  in  an  atom  may  be 
elucidated  in  the  future  by  the  newer  relativity  theory  of  Einstein,  but 
such  applications  of  the  theory  have  not,  as  yet,  been  made.  Since  the 
gravitational  fields  upon  which  experiments  are  carried  out  are  due  to  a 
large  scale  phenomenon,  and  to  the  resultant  effect  of  2  or  more  bodies 
which  are  practically  neutral  electrically,  the  effect  of  the  addition  of  a 
neutral  mass  to  the  nucleus  of  an  atom  upon  the  vibration  of  an  electron, 
a  very  small  scale  phenomenon,  cannot  be  accurately  predicted  from  the 
ordinary  law  of  gravitation,  which,  as  stated  in  the  first  paragraph,  leads 
to  the  idea  that  such  an  effect  is  entirely  negligible. 

The  details  of  the  experimental  work  on  the  spectra  of  ordinary  lead 
and  a  lead  from  radium  of  atomic  weight  206.318,  very  kindly  supplied 
by  Professor  T.  W.  Richards,  were  presented  in  2  short  notes1  published 
2  years  ago.  It  was  found  that  the  wave  length  of  the  line  X4058  as 
obtained  from  the  radio-lead  was  0.0044  A.  greater  than  that  from  ordinary 
lead;  that  is,  the  difference  in  wave  length  found  is  one-millionth  of  the 
total  wave  length,  or  one-ten-thousandth  of  one  per  cent.  It  is  to  be  noted 
that  this  is  an  effect  100  times  greater  than  that  predicted  by  the  theory  of 
Bohr  and  enormously  greater  than  that  predicted  by  the  simple  gravita- 
tional theory.  This  result  was  obtained  in  a  most  careful  joint  investi- 
gation carried  out  by  Professor  H.  G.  Gale  and  the  writers.  Sixteen 
comparison  plates  were  taken,  and  a  number  of  exposures  were  taken  in 
which  the  spectra  of  2  specimens  of  ordinary  lead  were  compared.  In 
every  case,  when  the  radio-lead  and  the  ordinary  lead  were  interchanged 
in  their  position  with  reference  to  the  spectrograph,  the  shift  in  wave 
length  followed  the  shift  in  position.  The  experimental  work,  carried 
out  by  the  use  of  the  Michelson  10-inch  grating  with  a  30-foot  Littrow 
mounting,  used  in  the  sixth  order,  was  of  such  a  character  that  there 
seemed  to  be  no  reasonable  doubt  of  its  correctness.  There  was  certainly 
no  doubt  that  the  shift  was  real,  since  it  could  be  easily  seen.  However, 
on  account  of  the  smallness  of  the  wave  length  difference,  and  because  it 
was  nevertheless  much  greater  than  that  predicted  by  Bohr's  theory,  it 
seemed  best  to  defer  our  discussion  of  the  meaning  and  importance  of  the 
result  until  it  had  been  confirmed  in  a  totally  independent  investigation. 
Recently2  Merton  has  obtained  such  a  confirmation,  and  finds  that  not 
only  the  direction,  but  also  the  magnitude  of  the  shift  obtained  by  him  is 
the  same  within  the  limits  of  error,  as  that  obtained  by  us.  He  did  not 
use  a  grating,  but  a  Fabry  and  Perot  £talon.  Our  source  of  light  was  a 
Wali-Mohammed  vacuum  arc,  Fig.  1,  run  at  0.04  mm.  pressure,  with  a 

1  Harkins  and  Aronbcrg,  Proc.  Nat.  Acad.  Set.,  3,  710-15  (191 7).     "Note  on  the 
Spectrum  of  the  Isotopes  of  Lead/1  Aronberg,  Astrophys.  J.,  47,  96-103  (191 8). 
*Proc.  Roy.  Soc.  (London),  96A,  388-95  (1920). 
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current  of  i.i  amperes  and  a  voltage  of  40.  Merton  used  an  arc  produced 
between  the  lead  and  a  piece  of  tungsten,  and  a  current  of  one  ampere  at 
100  volts,  burning  under  a  bell  jar  at  a  "fraction  of  a  millimeter"  of  pres- 
sure. In  our  experiments  the  amperage  and  voltage  were  varied  inten- 
tionally in  some  of  the  experiments,  but  without  any  noticeable  effect 
~mrHft*tg  upon  the  results.  The  shift  in  wave 
***>  length  found  by  Merton  was  0.0050  A.  «*= 

0.0007  A.,  while  the  average  of  16  meas- 
urements as  found  by  us  was  0.0044  A., 
ordinary  Mass  q^  agreement  within  about  twelve  one- 
'a+hoct*  millionths  of  one  per  cent,  of  the  total 

wave  length  which  is  not  far  from  the  ex- 
Inode  perimental  error.    As  stated,  our  radio- 

^SSss"1  lead  had  an  atomic  weight   equal   to 

*aier  LMki-r  206.312,  while  that  of  the  lead  used  by 

T  Merton  is  not  given  in  his  paper.    He 

found,  also,  a  difference  of  0.0022  A.  =*= 

\rassCap         0.0008  A.  between  the  wave  length  of 

ordinary  and  that  of  thorite  lead,  but 

the  latter  contained  about  20%  of  or- 

Flg-  '•  dinary  lead,    so  its  atomic  weight  is 

about    207.84.      When   it    is    considered    that    the    difference    in    the 

atomic  weights  of  the  2  forms  of  lead  used  by  us  is  0.89,  while  that 

between  the  thorite  lead  and  ordinary  lead  used  by  Merton  was  about 

0.6,  it  is  seen  that  all  of  the  measurements  are  in  as  good  agreement  as 

could  be  expected,  the  electron  in  the  heavier  atom  always  showing  the  greater 

frequency,  as  would  be  predicted  from  theory  if  it  is  the  additional  mass  in 

the  nucleus  which  produces  the  effect. 

Thus  there  has  been  discovered  an  effect  upon  the  vibration  of  an  electron, 
thejmly  apparent  cause  of  which  is  the  change  in  the  mass  of  the  nucleus  of 
an  atom,  which  must  then  be  accompanied  with  a  change  in  the  force  acting 
upon  the  electron,  otherwise  the  vibration  period  of  the  latter  would  not  be 
changed.  The  interest  in  ttris  phenomenon  lies  in  its  close  relationship  to 
gravitation,  and  also  in  the  fact  that  its  magnitude  far  exceeds  ordinary 
gravitation,  which  would  seem  to  indicate  that  such  small  scale  mass 
effects  do  not  follow  the  same  simple  form  of  the  law  as  large  scale  gravi- 
tational effects.  It  is  possible  that  the  effect  discovered  is  due  to  the 
fact  that  the  positive  and  negative  electrons  added  to  the  nucleus,  in  the 
change  from  a  lighter  to  a  heavier  lead,  are  not  coincident  in  space,  but 
this  lack  of  coincidence  is  also  present  in  the  rest  of  the  nucleus,  and  may 
also  be  related  in  some  way  to  gravitational  effects.  Thus  it  is  not  unlikely 
that  this  newly-discovered  effect  is  related  in  some  way  to  the  electro- 
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magnetic  field  in  the  atom,  which  is  related  in  some  unknown  way  to  the 
large  scale  gravitational  field. 

The  newer  relativity  assumes  a  proportionality  between  mass  and 
weight,  and  by  the  results  which  it  obtains,  makes  it  seem  probable  that 
such  a  proportionality  exists,  but,  on  the  other  hand,  the  experimental 
tests  of  this  relationship,  though  they  have  been  carried  out  with  great 
care  and  precision,  as  in  the  work  of  Edtvds,  do  not  give  as  conclusive 
evidence  as  could  be  desired,  since  they  have  been  carried  out  with  ma- 
terials of  such  a  nature  that  the  crucial  test  has  not,  as  yet,  been  made, 
at  least  not  with  the  attainable  degree  of  accuracy.  The  newer  theories 
of  the  constitution  of  the  nucleus  of  the  atom  as  worked  out  by  Harkins,1 
suggest  that  for  such  a  test  one  of  the  masses  should  consist  wholly,  or  as 
largely  as  is  possible,  of  hydrogen,  while  the  other  should  contain  no  hy- 
drogen, since  the  percentage  change  of  mass  which  occurs  in  the  formation 
of  complex  atoms  is  practically  independent  of  the  atom  which  is  formed, 
provided  hydrogen  is  taken  as  the  material  for  their  formation.  Thus 
when  hydrogen  changes  into  helium,  it  seems  probable  that  there  is  a 
decrease  of  mass  equal  to  0.77%,  but  when  helium  changes  into  any 
other  complex  atomic  species,  the  change  of  mass  is  very  much  smaller, 
so  small  indeed  that  the  present  atomic  weights  are  not  sufficiently 
accurate  to  indicate  that  there  is  Such  a  change.  By  taking  one  of 
the  masses  in  the  form  of  hydrogen  and  the  other  in  the  form  of  any 
other  element  or  elements,  it  is  thus  possible  to  compare  the  weights  and 
masses  of  2  bodies,  one  of  which  is  composed  of  material  which  has  not 
been  subject  to  this  considerable  packing  effect,  while  the  other  has  been 
affected  by  it.  We  do  not  mean  to  indicate  that  the  results  of  such  an 
experiment  are  likely  to  show  that  mass  is  not  proportional  to  weight, 
but  only  wish  to  point  out  that  the  crucial  experimental  test  of  this  re- 
lationship has  not,  as  yet  been  made.  It  is  likely  that  some  of  Newton's 
experiments  were  made  with  materials  which  would  meet  the  above  con- 
ditions for  such  a  test,  except  for  the  fact  that  the  technique  had  not 
been  developed  sufficiently  at  that  time  to  give  the  work  a  sufficient  degree 
of  accuracy. 

Spectra  as  a  Means  of  Distinguishing  between  Isotopes. 
Since  the  work  reported  here,  and  also  that  of  Merton,  indicates  a 
change  in  wave  length  with  a  change  in  the  atomic  weight  of  isotopes, 
it  is  apparent  that  isotopes  which  differ  in  atomic  weight  may  be  distin- 
guished by  their  spectra.  It  might  seem,  also,  that  when  a  mixture  of 
isotopes  is  available,  as  in  the  case  of  the  common  element  chlorine,  the 
grating  spectograph  might  be  used  as  an  instrument  to  detect  their  existence 

lTms  Journal  37i  1367-1421  (1915);  39i  856-79  (1917);  Phys.  Rw.,  15,  73~94 

(1920). 
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in  the  mixture,  without  either  subjecting  it  to  an  extremely  lengthy  and 
tedious  separation.    However,  this  supposition  does  not  seem  to  be  justi- 
fied, at  least  in  the  case  of  lead,  since  the  line  seems  to  be  shifted  and  not 
broadened.    Let  us  make  the  assumption  already  presented,  that  or- 
dinary lead  is  a  mixture  of  about  60%  of  lead  from  thorium  to  40  from 
radium.    Line  X4058  has  a  width  which  depends  upon  the  conditions  in 
the  arc,  particularly  the  pressure.    The  lead  from  radium  which  we  used 
would  be  composed,  on  the  above  basis,  of  about  85%  of  lead  from  radium, 
and  15%  of  lead  from  thorium,  yet  when  its  spectrum  was  taken  under  the 
same  conditions,  line  X4058  was  found  to  be  shifted  as  a  whole  in  the  direc- 
tion to  be  expected  as  the  result  of  a  smaller  atomic  weight,  that  is  to  a 
greater  wave  length,  the  width  of  the  line  remaining  about  the  same. 
In  other  words,  the  position  of  the  line  seems  to  correspond  to  the  mean 
atomic  weight  of  the  lead  in  the  specimen  under  investigation.    It  is, 
of  course,  possible,  though  not  so  probable,  that  the  atomic  weight  of 
ordinary  lead  is  slightly  lower  than  the  determined  value,  and  that  or- 
dinary lead  is  an  individual.     In  this  case  it  is  to  be  expected  that  the 
spectrum  of  the  specimen  of  radium-lead  used  by  us,  which  contained 
on  this  basis  25  or  30%  of  ordinary  lead,  would  show  a  broadened  line, 
but  this  was  not  the  case. 

Non-Identity  of  Isotopes  in  Chemical  Properties. 

The  differences  in  the  vibration  frequencies  of  the  electrons  in  isotopes 
indicate  that  they  are  not  held  by  identical  forces,  so  isotopes  should  not 
be  identical  from  the  chemical  standpoint,  though  the  difference  should 
be  exceedingly  slight,  and  not  capable  of  detection  by  chemical  means  now 
available,  insofar  as  it  is  due  to  the  mass  effect  upon  the  electrons.  There  is 
another  effect  due  to  the  action  of  the  different  nuclear  masses  upon  the 
vibration  frequencies  of  the  atoms,  which  may  or  may  not  be  of  a  sufficient 
magnitude  to  give  differences  in  vapor  pressure  and  in  chemical  affinity  which 
may  be  detected  experimentally.  This  effect  has  been  discussed  from  the 
standpoint  of  the  quantum  theory  by  Lindemann,1  and  by  Lindemann  and 
Aston.1  Unfortunately  the  quantum  theory  is  itself  so  indefinite  that 
the  deductions  from  it  are  altogether  uncertain.  The  results  of  Soddy 
seem  to  indicate  that  lead  and  lead  from  thorium  have  the  same  atomic 
volume,  and  Richards*  has  shown  in  very  precise  experiments  that  both 
the  atomic  volumes  and  the  melting  points  of  lead  and  lead  from  radium 
are  the  same  within  the  experimental  errors.  The  wave  length  of  the 
spectrum  lines  is  the  first  property,  aside  from  mass  and  atomic  stability, 
in  which  isotopes^have  been  found  to  differ,  and  it  is  the  first  property 

1  Phil.  Mag.t  38, 173-81  (1919). 

*  Ibid.,  37,  523-34  (1919). 

1  T.  W.  Richards,  "Presidential  Address  to  the  American  Association  for  the 
Advancement  of  Science"  (191 8),  This  Journal,  38,  221  (19 16). 
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showing  such  a  difference  which  is  due  to  an  effect  on  the  planetary 
electrons. 

Chxcaoo,  Iia. 
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z.  Introduction. 

Solutions  of  lead  chloride  in  strong  hydrochloric  acid  absorb  chlorine 
in  much  larger  quantities  than  can  be  accounted  for  by  the  solubility  of 
the  gas.  The  solutions  exhibit  a  strong  yellow  color,  and  on  the  addition 
of  ammonium  chloride  throw  down  a  precipitate  of  clear  yellow  octa- 
hedral crystals.  The  composition  of  these  crystals,  which  can  be  obtained 
in  a  state  of  great  purity,  has  been  found  to  be  represented  by  the  formula 
(NHi)iPbCl*.  Cesium  and  other  chlorides  produce  precipitates  of  similar 
composition  which  in  all  cases  are  salts  of  the  hypothetical  acid,  HjPbCl*. 
By  treating  the  crystals  of  the  ammonium  salt  with  pure  sulfuric  acid 
at  zero,  there  has  been  obtained  the  tetrachloride  of  lead,  PbCU.  This 
substance  is  a  heavy  yellowish  oil,  which  reacts  violently  with  water. 

These  facts  suggest  that  the  reaction  occurring  when  chlorine  is  passed 
into  a  suspension  of  lead  chloride  in  hydrochloric  acid  may  be  written 
as  follows 
PbCU(s)  +  Cl,(g)  +  2HCI  -  H«PbCl6;    or 

PbCl,(s)  +  2CI-  +  Cl*(g)  =  PbCU~. 

The  purpose  of  this  investigation  was  to  determine  the  equilibrium  con- 
ditions of  this  reaction,  with  a  view  also  to  estimating  the  plumbous- 
plumbic  reduction  potential.  Experiments  were  also  made  with  acid 
concentrations  small  enough  to  permit  the  precipitation  of  solid  lead 
dioxide;  and  the  free  energy  of  this  compound  was  calculated  from  the 
equilibrium  conditions  of  the  reaction 

PbCl2(s)  +  2H20  +  Cl2(g)  =  Pb02(s)  +  4HCI. 

This  research  has  been  carried  out  with  the  cooperation  of  Professor 
A.  A.  Noyes  and  with  the  aid  of  the  grant  made  to  him  by  the  Carnegie 
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Institution  of  Washington.    For  all  this  assistance  I  wish  to  express  my 
great  indebtedness. 

a.  Preparation  of  the  Equilibrium  Mixtures. 

The  solutions  were  prepared  in  a  great  variety  of  ways  during  the  pre- 
liminary work  in  an  effort  to  approach  equilibrium  from  both  sides. 
Two  of  these  may  be  mentioned. 

In  the  first  of  these  preliminary  methods  glass  bombs  were  filled  with 
lead  chloride,  hydrochloric  acid,  and  chlorine  in  such  excess  that  a  layer 
of  liquid  chlorine  was  present.  After  shaking  a  month  at  25  °,  these 
bombs  were  cautiously  opened,  the  excess  of  chlorine  was  allowfed  to  es- 
cape, and  the  solutions  were  then  quickly  analyzed.  The  concentration 
of  the  complex  was  shown  to  be  much  higher  than  in  solutions  prepared 
at  atmospheric  pressure.  The  experiments  made  by  this  method  es- 
tablished the  reversibility  of  the  reaction,  even  in  extreme  cases,  and 
showed  the  influence  of  chlorine  pressure;  but  it  proved  not  to  be  sus- 
ceptible of  accurate  manipulation. 

The  other  preliminary  method  tried  was  the  direct  production  of  the 
lead  complex  in  excess,  by  allowing  lead  tetrachloride  to  act  on  the  acid 
solution.  This  method  was  used  with  some  success,  but  was  abandoned 
because  of  the  laboriousness  of  preparing  the  lead  tetrachloride  in  the 
pure  state. 

In  the  method  finally  adopted  the  equilibrium  (at  somewhat  different 
chlorine  pressures)  was  approached  from  both  sides.  Solutions  of  hydro- 
chloric acid  in  contact  with  solid  lead  chloride  were  treated  with  chlorine 
(in  the  apparatus  described  below)  for  periods  varying  from  days  to  weeks ; 
and  samples  for  analysis  were  taken.  The  same  solution  was  then  sub- 
jected to  a  lower  chlorine  pressure  for  another  extended  period,  and 
analyses  were  again  made.  Even  though  equilibrium  might  not  be 
fully  reached  in  either  case,  it  must  certainly  lie  between  the  values  ob- 
tained at  the  higher  and  lower  chlorine  pressures. 

The  chlorine  employed  was  drawn  as  needed  from  a  tank  of  electrolytic 
liquid  chlorine.  The  lead  chloride  was  purified  by  recrystallization  from 
water. 

3.  Apparatus. 

As  the  equilibrium  conditions  are  only  slowly  attained,  it  is  obvious 
that  the  chlorine  pressure  would  not  remain  constant  if  the  gas  escaped 
against  the  fluctuating  atmospheric  pressure.  Therefore,  the  systems 
worked  with  were  always  "closed,"  that  is,  they  were  not  subject  to  at- 
mospheric pressure;  and  the  method  employed  was  to  stir  together  the 
liquid,  solid,  and  gas,  and  to  circulate  the  gas  through  some  side  bulb  or 
pipet,  so  that  a  sample  of  the  gas,  as  well  as  of  the  liquid,  could  be  removed 
for  analysis. 

The  first  apparatus  consisted  of  a  horizontal  glass  tube  3  cm.  in  diameter 
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with  smaller  vertical  tubes  at  each  end.  The  tops  of  these  tubes  were 
connected  through  a  25-cc.  bulb  joined  to  the  tubes  by  short  capillaries. 
The  whole  apparatus  was  then  immersed  in  a  thermostat  and  rocked 
slowly  to  and  fro  about  a  horizontal  axis  perpendicular  to  the  plane  of 
the  apparatus,  so  that  the  liquid  flowed  repeatedly  past  the  solid  in  the 
tube,  and  at  the  same  time  acted  as  a  piston  on  the  gas,  forcing  it  back 
and  forth  through  the  25-cc.  bulb.      In  the  use  of  this  apparatus,  a  rather 
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surprising  difficulty  was  met  with.  The  plan  was  to  seal  off  the  25-cc 
bulb  as  a  gas  sample;  but  it  was  unexpectedly  found  that  considerable 
quantities  of  water  collected  in  the  capillaries  and  in  the  bulb.  This 
form  of  apparatus  was,  therefore,  abandoned. 

After  a  great  deal  of  experimenting  the  aparatus  shown  in  the  figure 
was  devised.  In  this  apparatus  a  "gas-pipet"  provided  with  two  3-way 
stopcocks  was  introduced  between  the  "gas  inlet"  and  "gas  outlet,' * 
it  being  placed  in  the  thermostat  within  a  "Dewar  bulb/'  which  was 
maintained  by  electric  heating  at  a  temperature  one  degree  higher  than 
the  rest  of  the  system  to  prevent  condensation.  An  essential  part  of  the 
apparatus  is  the  magnetic  pump.  This  consists  of  an  "iron-clad  solenoid" 
and  of  a  "pump-cylinder,"  within  which  is  a  glass-covered  bar  of  iron 
serving  as  the  piston.  The  terminals  of  the  solenoid  are  connected  to  the 
1 10- volt  circuit  through  a  switch  operated  at  intervals  of  10  or  15  seconds 
by  a  cam  (not  shown  in  the  sketch).  When  the  solenoid  is  activated  the 
piston  snaps  up  into  the  position  shown  in  the  drawing,  forcing  a  stream 
of  solution  through  the  "nozzle."  This  stream  of  liquid  carries  large 
quantities  of  gas  into  the  main  "reaction  chamber;"  and  this  gas  then 
circulates  through  the  "gas  outlet"  and  the  "gas-pipet"  back  into  the 
apparatus  at  the  "gas  inlet."  At  the  same  time,  a  stream  of  liquid  flows 
down  past  the  glass  "float-valve"  and  through  the  "mixing  chamber," 
where  it  stirs  the  solid  lead  chloride  thoroughly.  When  the  solenoid  is 
disconnected  from  the  electric  circuit  the  float  valve  has  already  closed, 
and  the  piston  slowly  settles  to  the  bottom  of  the  cylinder,  restrained  by 
the  slow  flow  of  the  liquid  up  the  narrow  annular  space  between  the 
piston  and  the  cylinder.  All  glass  connections,  including  those  with  the 
gas-pipet,  were  made  by  fusing  the  parts  together. 

The  only  stopcocks  were  those  on  the  gas-pipet;  these  were  lubricated 
with  paraffin  which  had  been  chlorinated  at  a  little  above  its  melting  point 
until  on  cooling  it  became  of  the  consistency  of  vaseline,  after  which  it 
reacted  only  very  slightly  with  the  chlorine. 

In  the  upright  tube  between  the  "reaction  chamber"  and  the  "float- 
valve"  were  sealed  2  platinum  wires  enlarged  at  the  ends  into  disks. 
These  were  platinized  and  served  as  electrodes  to  determine  the  conduct- 
ance of  the  solution. 

It  is  hoped  that  the  general  plan  of  this  apparatus  will  be  of  use  in  many 
other  investigations.  It  is  frequently  desirable  to  have  thorough  stirring 
in  an  absolutely  closed  glass  system  which  cannot  be  rotated  or  shaken; 
and  there  is  probably  no  other  method  so  simple  and  energetic  as  this 
magnetic  pump. 

4.  Methods  of  Analysis. 

The  gas  pipet  was  disconnected  from  the  rest  .of  the  apparatus  by 
turning  the  3-way  cocks;  the  chlorine  contained  in  it  was  completely 
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driven  out  by  a  slow  stream  of  carbon  dioxide  gas  into  potassium  iodide 
solution;  and  the  iodine  liberated  was  titrated  with  thiosulfate.  From  the 
known  volume  and  temperature  of  the  pipet  the  partial  pressure  of 
chlorine  was  calculated  with  the  aid  of  the  perfect-gas  law. 

Samples  of  the  solution  for  the  analyses  were  withdrawn  into  a  vacuum 
pipet.  This  was  done  by  fitting  the  pipet  with  an  extension  tube,  which 
passed  through  the  opening  ordinarily  closed  by  the  "glass  stopper." 
The  extension  tube  was  thrust  7  or  8  cm.  below  the  surface  of  the 
liquid  so  as  to  get  a  sample  not  affected  by  the  change  in  chlorine  pressure 
at  the  surface,  which  might  arise  from  diffusion  of  air  admitted  by  the 
removal  of  the  stopper.  In  most  of  the  experiments  2  samples  were 
analyzed.  In  one  the  lead  was  determined  directly  as  chloride  by  evap- 
orating the  solution  in  platinum  dishes.  In  the  other  the  oxidizing  chlorine 
was  determined  by  drawing  potassium  iodide  solution  into  the  vacuum  pipet 
and  titrating  the  liberated  iodine  in  the  pipet  itself,  it  having  been  proved 
by  experiments  with  known  solutions  that  the  presence  of  lead  does  not 
affect  the  titration. 

5.  Solubility  of  Chlorine  Gas  and  of  Lead  Chloride  in  Hydrochloric 

Acid  Solutions. 

In  calculating  the  concentration  of  the  substances  involved  in  the 
equilibrium,  there  is  needed,  in  addition  to  the  analytical  data,  the  solu- 
bilities of  chlorine  gas  and  of  solid  lead  chloride  in  the  various  solutions. 
The  solubilities  of  the  chlorine  in  hydrochloric  acid  solutions  were  obtained 
as  will  now  be  described;  and  in  the  subsequent  computations  with  the 
equilibrium  mixtures  it  is  assumed  that  these  solubilities  are  not  influenced 
by  the  extent  to  which  the  hydrochloric  acid  initially  present  is  converted 
into  chloroplumbic  acid. 

The  solubility  of  chlorine  in  hydrochloric  acid  of  various  concentra- 
tions was  determined  in  the  same  apparatus  and  by  the  same  method  as 
that  used  in  the  equilibrium  experiments.  The  values  at  25  °  of  the  dis- 
tribution-ratio (that  is,  the  ratio  of  the  millimols  of  CI*  per  1000  g.  of 
water  to  the  partial  pressure  of  the  chlorine  gas  in  atmospheres)  for 
various  concentrations  of  hydrochloric  acid  were  found  to  be  as  given  in 
Table  I.  The  partial  pressures  are  calculated  here,  and  also  in  the  main 
equilibrium  experiments,  from  the  concentration  of  the  chlorine  in  the 
gas  with  the  aid  of  the  perfect-gas  law. 

Table  I. — Solubility  op  Chlorine  in  Hydrochloric  Acid  Solutions. 

Millimols  of  HC1  in  1000  g.  of  water 103 . 7  286.0  802 .0 

Distribution-ratio 62.3  60.0  61. 1 

For  the  solubility  of  lead  chloride  in  hydrochloric  acid  solutions  the 
data  of  von  Ende1  were  used,  his  values  having  been  checked  at  3  points 
1  Z.  anorg.  Chem.,  26,  129  (1901). 
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by  determinations  of  my  own.  A  plot  of  his  values  was  made  for  inter- 
polating at  the  special  concentrations  involved  in  the  equilibrium  mixtures. 
6.  The  Results  of  the  Equilibrium  Measurements. 

Fifteen  equilibrium  mixtures  were  prepared  and  analyzed.  In  the 
first  8  of  these  the  formation  of  the  complex  was  independently  derived 
both  by  determining  the  total  lead  content  and  the  content  in  oxidizing 
chlorine;  in  the  last  7  the  latter  was  alone  determined.  In  11  of  the 
experiments  the  chloride  initially  present  was  only  hydrochloric  acid; 
while  in  the  4  other  experiments  this  was  partially  replaced  by  sodium 
chloride,  with  the  object  of  determining  whether  the  equilibrium  was 
affected  by  the  hydrogen  ion  concentration  when  the  chloride  ion  con- 
centration was  kept  constant. 

The  data  resulting  from  the  analysis  of  the  equilibrium  mixtures  and 
the  values  computed  from  them  are  given  in  Tables  II  and  III,  which 
are  for  the  most  part  self-explanatory. 

The  temperature  was  always  25  °.  All  concentrations,  indicated  by 
symbols  in  parentheses,  are  expressed  in  millimols  per  1000  g.  of  water. 

The  sodium  thiosulfate  solution  used  for  titrating  the  chlorine  gas 
sample  and  the  oxidizing  chlorine  (2CU)  in  the  solution  was  0.097 11  N 
in  Expts.  1-6,  and  0.09763  N  in  Expts.  7-15. . 

The  lead  chloride  present  as  such  in  the  equilibrium  mixtures  was  ob- 
tained, with  the  aid  of  the  plot  of  von  Ende's  data  above  referred  to,  on 
the  basis  of  the  assumption  that  the  solubility  in  the  mixtures  is  de- 
termined solely  by  the  concentration  of  the  uncombined  chloride  in  it; 
that  is,  by  that  quantity  of  the  hydrochloric  acid  and  sodium  chloride 
initially  present  which  has  not  been  converted  into  chloroplumbate 
complex.  According  to  whether  this  complex  is  assumed  to  be  PbCU — 
or  PbCl§~,  this  uncombined  chloride  has  different  values,  which  aire  found 
by  subtracting  from  the  initial  (HC1)  or  (HC1  +  NaCl)  in  the  one  case 
twice  the  concentration  of  the  chloroplumbate  complex,  and  in  the  other 
case  the  concentration  itself  of  that  complex.  And  correspondingly 
2  values  of  the  lead  chloride  present  as  such,  represented  by  (PbClt)i 
and  (PbCU)i  in  the  tables,1  were  derived  from  the  plot.  By  subtracting 
these  last  quantities  from  the  total  lead  content  (2Pb)  as  found  by  the 
gravimetric  analysis,  the  concentration  of  the  chloroplumbate  complex 
(APb)i  or  (APb)s,  was  found.  This  procedure  evidently  requires  for  the 
determination  of  either  quantity  a  knowledge  of  the  other;  but  this  diffi- 
culty was  met  by  first  estimating  approximately  the  complex  concentra- 
tion, and  then  making  a  series  of  successive  approximations. 

The  concentration  of  free  chlorine  (Qi)  in  the  solution  was  found  by 
1  In  general,  symbols  with  the  subscript  1  denote  quantities  computed  under  the 
assumption  that  the  complex  add  is  HjPbCU;  those  with  the  subscript  2  under  the 
assumption  that  the  complex  acid  is  HPbCU. 
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multiplying  the  partial  pressure  pci  by  the  value  of  the  distribution  ratio 
given  in  Table  I  for  a  hydrochloric  acid  concentration  equal  to  the  initial 
total  chloride  concentration  (HC1  +  NaCl)  in  the  mixture.  By  sub- 
tracting this  chlorine  concentration  from  the  total  oxidizing  chlorine 
content  (2C1S)  as  determined  by  the  titration  of  samples  of  the  solution, 
an  independent  value,  denoted1  by  (ACfe),  of  the  chloroplumbate  concen- 
tration was  obtained.  A  Comparison  of  these  values  of  (ACI2)  with  those 
of  (APb)i,  and  ( AFb)s  shows  the  agreement  of  the  2  analytical  methods. 

The  concentration  of  the  chloride  ion  constituent  in  the  solution,  rep- 
resented for  the  2  cases  of  complex  formation  in  the  tables  by  (Cl~)i 
and  (Cl~)i  is  found  by  the  expressions:3 

(CI-),'  =  (HC1  +  NaCl)  —  2(APb)!  +  2(FbCl,y, 
or  (CI-)/  =  (HC1  +  NaCl)  —  2(AC1,)  +  2(PbCl,)i'. 

(CI-),'  =  (HC1  +  NaCl)  —  (AFb),  +  2(FbCl,),\ 
or  (CI-)/  =  (HC1  +  NaCl)  —  (AC1,)  +  2(FbCl»)/. 

Equilibrium  constants  were  calculated  under  the  2  assumptions  that 
the  chloroplumbate  complex  has  the  formula  PbCU —  and  that  it  has  the 
formula  FbCU~;  and  that,  correspondingly,  the  equilibrium  involved  is 
that  of  the  first  or  second  of  the  following  reactions: 

FbCli(s)  +  Cl,(g)  +  2CI-  =  PbCU". 
PbCl,(s)  +  Cl,(g)  +  CI-  -  PbCU- 

The  corresponding  mass-action  expressions  are: 


(Cl-)'(/>a)  (Cl-)(/>ci) 

In  calculating  the  values  of  the  equilibrium  constants  by  these  equa- 
tions, the  concentrations  were  expressed  in  mols  (instead  of  millimols), 
and  the  ionization  of  all  the  substances  was  assumed  to  be  complete. 
This  assumption  probably  does  not  lead  to  results  very  far  from  the  truth, 
owing  to  the  partial  compensation  of  the  incomplete  ionization  of  the 
hydrochloric  add  by  that  of  the  HPbCU  or  HiPbCl*. 

7.  Discussion  of  the  Equilibrium  Results. 
An  examination  of  the  equilibrium  constants  given  in  Tables  II  and 
III  shows  that  the  check  determinations  on  the  same  mixture  by  the  same 
analytical  method  are  in  general  in  good  agreement,  the  average  devia- 

1  These  symbols  (APb)  and  (ACU)  used  for  the  chloroplumbate  complex  are  in- 
crements in  the  sense  that  they  represent  the  increase  in  lead  content  or  oxidizing 
chlorine  content  that  results  from  formation  of  the  complex. 

1  In  general,  symbols  to  which  single  "accents"  are  appended,  denote  quantities 
calculated  from  the  determination  of  the  lead  content;  those  to  which  double  "accents" 
are  attached  denote  quantities  calculated  from  the  determination  of  the  oxidizing 
chlorine  content. 
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tion  of  the  mean  (the  A.  D.  values1)  exceeding  about  i%  in  only  3  out  of 
the  14  sets  of  values.  Moreover,  those  based  on  the  determination  of 
the  total  oxidizing  chlorine  agree  with  those  based  on  that  of  the  total 
lead  content  in  the  case  of  the  solutions  of  medium  concentration  (HC1  — 
286.0),  but  not  in  the  case  of  the  most  dilute  solution  (HC1  =  103.7) 
for  which  the  values  based  on  the  chlorine  determinations  are  obviously 
affected  by  fairly  large  errors. 

It  may  also  be  pointed  out  that,  while  the  partial  pressure  of  the 
chlorine  gas  was  not  varied  within  wide  limits,  yet  within  the  limits  in- 
volved the  concentration  of  the  complex  formed  is  proportional  to  the 
partial  pressure.  This  is  seen  best  by  comparing  Bxpts.  3  and  4  and 
Expts.  7  and  8,  in  which  the  chlorine  pressure  differs  in  the  ratio  about 
9 : 7,  while  the  corresponding  equilibrium  constants  differ  by  only  1  to  3%. 

The  further  conclusions  to  be  drawn  appear  much  more  clearly  from  a 
consideration  of  the  summary  of  best  values  derived  from  the  means 
in  the  preceding  tables  and  presented  in  Table  IV. 

Tabids  IV.— Best  Values  op  the  Equilibrium  Constants. 

HC1  in  mols 0.104        0.104        0.286        0.286  0.802 

HC1  +  NaCI  in  mols 0.104        0.286        0.286       0.802  0.802 

Ki  =  (PbCU — )/£ci(Cl~)». .     0.44         0.24         0.29         0.11  0.18 

Kt  -  (PbCl***)/pci(Cl") 0.062        0.061        0.074        0.080  0.109 

An  examination  of  the  values  in  Table  IV  leads  to  the  following  con- 
clusions. 

The  values  of  Ki  (corresponding  to  the  complex  PbCl*  )  increase 
somewhat  each  time  the  add  concentration  is  increased,  while  the  total 
chloride  is  kept  constant;  but  they  decrease  very  rapidly  each  time  the 
total  chloride  concentration  is  increased,  while  the  acid  concentration  is 
kept  constant;  thus  between  the  add  concentrations  0.104  and  0.802  N 
the  value  of  K\  varies  2.5  fold.  This  fact  makes  it  dear  that  the  plumbic 
lead  is  not  present  mainly  in  the  form  of  the  complex  add  Hi+PbCU     . 

The  values  of  K%  (corresponding  to  the  complex  PbCU"),  on  the  other 
hand,  remain  remarkably  constant  each  time  the  total  chloride  concen- 
tration is  increased  while  the  hydrogen  ion  concentration  is  kept  constant. 
This  fact  indicates  that  H+PbCU~  is  the  complex  add  which  is  mainly 
present  in  these  moderately  dilute  solutions.  The  values  of  K%  do 
however,  increase  not  inconsiderably  (20-40%)  each  time  the  add  con- 
centration is  increased  while  the  total  chloride  concentration  is  kept 
constant.  This  shows  that  hydrogen  ion  has  an  effect  of  secondary 
magnitude  on  the  equilibrium — an  effect  arising  perhaps  from  a  more 
rapid  decrease  in  the  ionization  of  the  complex  add  HPbCU  than  in  that 

1  These  are  calculated  by  the  expression  2*/(»V*)t  where  2ft  is  the  sum  of  the  de- 
viations of  the  separate  values  from  the  mean  value,  and  if  is  the  number  of  these  sep- 
arate values. 
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of  hydrochloric  acid,  with  increasing  concentration.  The  fact  that  the 
effect  of  increasing  the  hydrogen  ion  concentration  is  to  increase  the 
proportion  of  complex  in  the  solution,  and  not  to  decrease  it,  shows  that 
there  is  no  considerable  hydrolysis  of  the  complex  into  such  products 
as  HPbCLi(OH).  The  fact  that  the  solid  salts  that  have  been  separated 
are  salts  of  the  acid  H*PbCl«,  and  not  of  HPbCU,  is  doubtless  because 
the  former  acid  is  produced,  in  accordance  with  the  mass-action  law, 
in  considerable  proportion  in  hydrochloric  acid  solutions  of  larger  con- 
centrations than  those  involved  in  these  measurements. 

For  the  equilibrium  constant  (PbCU~)/(Cl")pci  of  the  complexion 
PbCH~  the  mean  of  the  values  obtained  with  the  4  more  dilute  acid  solu- 
tions may  be  adopted,  namely  the  value  0.070;  the  concentrations  being 
expressed  in  mols  per  1000  g.  of  water,  the  partial  pressure  of  the  chlorine 
being  given  in  atmospheres,  and  the  ionizations  of  the  hydrochloric  acid 
and  HPbCU  being  assumed  equal.  If  greater  accuracy  is  desired,  the 
equilibrium  constant  may  be  expressed  as  a  function  of  the  concentration 
cB  of  the  hydrogen  ion  constituent,  namely  by  the  equation  Kt  «  0.055 
+  0.07  cH;  and  0.055  n^y  be  regarded  as  the. value  for  complete  ionization 
of  the  hydrochloric  and  the  chloroplumbic  acids. 

8.  Computation  of  the  Plumbous-Plumbic  Reduction  Potential. 

From  the  mean  value  (0.070)  of  the  equilibrium  constant  derived  in 
the  last  section  we  may  calculate  by  the  familiar  thermodynamic  expres- 
sion — AF  =  R  T  log  K  the  free  energy  decrease  attending  the  reaction 

PbCli(s)  +  Cl,(i  atm.)  +  Cl"(i  M)  =  PbCU~(i  M). 
By  proper  substitutions  the  equation  becomes  — AF  *■  8.31  X  298.1  X 
2-3<>3  log10  0.070,  and  the  free  energy  decrease  is  thus  found  to  be  — 6590 
joules. 

The  above  reaction  results  when  2  faradays  (2  F  or  193,000  coulombs) 
of  electricity  are  passed  from  left  to  right  through  the  cell, 

PbClt(s),  PbCU-(iM)  +  Cl-(iM)  ||  Cl-(iM),  CU(i  atm.). 
The  electromotive  force  of  this  cell  is,  therefore,  — 6590/193000,  or  — 0.034 
volt  The  value  corresponding  to  the  equilibrium  constant  0.055  for 
complete  ionization  is  — 0.037  volt.  Adding  to  the  value  — 0.034  the 
specific  electrode  potential  of  chlorine,  that  is,  the  electromotive  force 
(— !-356  volts)  of  the  cell1 

1  This  value  is  derived  as  follows.  From  a  critical  consideration  of  the  measure- 
ments of  Wolff  (Z.  EUktrochem.,  20, 19  (1914)).  and  of  Lewis  and  Rupert  (This  Journal, 
33»  306  (191 1)),  made  by  J.  B.  Dickson  in  this  laboratory,  1 .086  volts  has  been  obtained 
as  the  best  value  of  the  electromotive  force  at  25  °  of  the  cell  Hg  •+-  HgiCl,  (s),  HC1 
(adf),  CU(i  atm.).  Noyes  and  Ellis  (This  Journal,  39,  2541  (1917)*  found  0.270 
volt  for  the  cell  H,(i  atm.),  H+  (1  M)  ||  Cl"(i  Jf),  Hg,Cl,  (s)  +  Hg.  Taking  the  sum 
of  these  2  quantities  and  changing  its  sign,  we  get  — 1 .356  volts  as  the  specific  electrode- 
potential  of  chlorine. 
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Cli(i  atm.),  Cl-(i  M)  ||  H+(i  M),  H,(i  atm.), 
we  obtain  — 1.390  volts  for  the  electromotive  force  of  the  cell 

FbCl,(s),  PbCU~(i  M)  +  Cl-(i  M)  ||  H+(i  M),  H»(i  atm.). 
This  is  the  specific  electrode  potential  or  reduction  potential  of  the  com- 
bination constituting  the  left-hand  part  of  this  cell. 

The  corresponding  reduction  potential  of  the  combination  Pb++ 
(1  M)  +  Cl"(i  M)  +  PbCU"(i  M)  may  be  found  by  noting  that  the 
solubility-product1  of  plumbous  chloride,  (Fb++)  X  (CI"")1  =  0.0000418, 
is  the  value  of  (Pb++)  in  a  solution  i-molal  in  CI",  and  that  the  reduction 
potential  is  increased  by  the  amount  (R  T/2  F)  log  (i/Pb++)  when  the 
plumbous  ion  concentration  is  increased  from  (Pb++)  to  i-molal.  The 
value  of  this  expression  when  (Pb++)  =  4.18  X  io~*  is  +  0.130  volt, 
and  the  specific  reduction  potential  of  the  Fb++  +  PbCU"  +  CI"  com- 
bination is,  therefore,  — 1.260  volts. 

9.  Determination  of  the  Equilibrium  in  the  Presence  of  Lead  Dioxide. 

At  somewhat  lower  concentrations  of  acid  than  those  involved  in  the 
preceding  equilibrium  measurements  the  hydrolysis  of  the  chloroplumbic 
acid  goes  so  far  that  lead  dioxide  is  precipitated  according  to  the  equation: 

HPbCU  +  2HjO  -  5HCI  +  PbOi(s) 
The  corresponding  reaction  starting  with  solid  lead  chloride  is: 
PbCli(s)  +  2H,0  +  CU(g)  -  Pb,0(s)  +  4HCI 

The  reaction  was  first  studied  in  the  apparatus  used  for  the  previous 
measurements.  The  resistance  of  the  solution,  measured  between  the 
pair  of  platinized  electrodes  sealed  into  the  apparatus  as  shown  in  the 
figure,  served  as  an  index  of  equilibrium.  This  test  is  very  sensitive, 
inasmuch  as  4  hydrochloric  acid  molecules  are  formed  for  each  molecule 
of  plumbous  chloride  that  reacts. 

The  reaction  was  found  to  take  place  much  more  slowly  than  in  the 
preceding  measurements;  and,  since  in  this  case  an  error  in  the  measure- 
ment of  the  partial  pressure  of  the  chlorine  produces  little  error  in  the  re- 
sult, a  simpler  apparatus  was  devised  which  made  it  possible  to  carry  on 
several  experiments  at  the  same  time.  This  apparatus  consisted  of  4 
tubes,  3  cm.  in  diameter  and  25  cm.  long,  lying  side  by  side  in  a  horizontal 
position.  The  tubes  were  half  filled  with  liquid ;  and  chlorine  gas  was  passed 
in  series  through  the  spaces  above  the  liquid,  escaping  finally  at  atmospheric 
pressure.  The  whole  arrangement  was  given  a  reciprocating  motion 
in  a  horizontal  plane  by  means  of  a  motor  and  eccentric.  Connection 
with  the  chlorine  source  was  maintained  through  a  flexible  system  of 
spiral  glass  tubes,  entirely  free  from  rubber  joints. 

1  Taking  the  molal  solubility  as  0.0389  (Noyes,  Z.  physik.  Chem..  9, 623  (1892)) 
and  the  ionization  as  0.562  as  derived  from  the  conductance  ratio  (Hunt,  This  Jouknal, 
33,  802  (1911);  see  also  This  Journal,  39,  1543  (1917)- 
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Two  of  these  tubes  were  filled  with  lead  chloride  and  distilled  water, 
and  two  with  0.2  N  hydrochloric  acid,  solid  lead  chloride,  and  solid  lead 
dioxide.  The  dioxide  used  in  one  experiment  was  prepared  by  precipi- 
tating it  electrolytically  on  a  platinum  anode;  that  used  in  another  experi- 
ment was  made  by  diluting  a  chloroplumbic  acid  solution  with  water.- 
Chlorine  was  passed  through;  and  at  intervals  of  several  days  the  resist- 
ances of  a  certain  conductivity  cell  of  pipet  form  filled  successively  with 
the  several  solutions  was  determined.  The  results  are  tabulated  in  Table 
V. 

Table  V. — Resistance  of  the  Equilibrium  Mixtures  with  Lead  Chloride  and 

Dioxide. 

Initial  State.  4  days.  7  days.  11  days.  17  days. 

PbClj(s)  +  H,0 365  332  310  298 

PbCli(s)  ■+■  HiO 334  320  310  300 

PbO,(s)    +   PbO,(electrolytic)    + 

0.2  iV.HCl 294  294  295  295 

Pbdt(s)    +   PbOj(precipitated)    + 

0.2  JV.HC1 235  269  272  273 

From  the  results  in  Table  V  the  mean  resistance  of  the  final  equilibrium 
mixture  is  found  to  be  292  =t  5  ohms.  This  value,  which  is  the  resistance 
in  ohms  of  the  pipet  cell  filled  with  the  equilibrium  mixture,  was  compared 
with  the  resistances  of  the  same  cell  filled  with  known  hydrochloric  acid 
solutions  saturated  with  lead  chloride.  By  this  comparison  the  con- 
centration of  the  acid  (HC1  +  HPbCU)  in  the  equilibrium  mixture  was 
found  to  be  0.099  molal.  This  method  of  comparison  is  reliable  since 
previous  measurements  had  shown  that  there  is  only  a  small  change  in 
resistance  when  a  hydrochloric  acid  solution  saturated  with  lead  chloride 
is  saturated  with  chlorine  gas. 

10.  Computation  of  the  Free  Energy  of  Lead  Dioxide. 

Prom  the  value  (0.099  molal)  of  the  acid  concentration  in  the  equilibrium 
mixture  and  from  the  equilibrium  constant  K*  (0.062)  at  this  concentra- 
tion, we  may  compute  the  fraction  x  of  the  total  acid  that  is  in  the  form 
of  the  complex  acid  by  means  of  the  equation 

v  _  (FbCU-)  _  0-099* _  n   ^ 

Aj  =    =   =  0.002. 

(Cl-)/>ci        (0.099  —  0.099*  +  0.034*)  0.97 
*  This  term  is  equal  to  2(PbCl*),  that  is,  twice  the  concentration  of  lead  chloride 
present  as  such  in  the  solution  as  read  off  the  solubility  plot. 

The  value  of  x  is  thus  found  to  be  0.076,  and  that  of  the  chloride  ion 
constituent  in  the  solution  (as  given  by  the  parenthesis  in  the  preceding 
expression)  to  be  0.125  molal. 

The  equilibrium  constant  K  of  the  reaction 

FbCl«(s)  +  Cl,(g)  +  2  H20  -  Pb02(s)  +  4  H+Cl- 
«,  therefore,  given  by  the  expression 
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K  m  mma-v  :  (0.099)'  (o.x^  =  2<4  x  IO_.. 

Pa  0.97 

For  the  corresponding  free  energy  decrease,  when  the  concentrations 
of  H+  and  of  CI"  are  one  molal  and  the  partial  pressure  of  Clj  is  one  at- 
mosphere, we  have 
— AF  =  R  T  log  K  =  8.31  X  298.1  X  2.303  log10  2.4  X  io~»  = 

— 43>5°o  joules. 
This  reaction  takes  place  when  2  faradays  are  passed  from  left  to  right 
through  the  cell 

PbSw}01^1  ^  +  H+(l  ^  "  C1"(l  M)>  C1,(l  atm°' 
The  electromotive  force  of  this  cell  is,  therefore,  — 43,500/193,000  or 

— 0.225  volt- 
Adding  to  this  the  specific  electrode  potential  of  the  chlorine  electrode 

we  get  — 1 .58 1  volts  as  the  specific  electrode  potential  of  the  PbCU,  PbO» 

half-cell  referred  to  the  molal  hydrogen  electrode. 
Adding  to  this  the  quantity  (+0.130  volt)  computed  in  the  last  section 

for  changing  the  Pb++  concentration  to  one  molal  from  that  prevailing 

in  a  solution  one  molal  in  chloride  ion  saturated  with  plumbous  chloride, 

we  get  — 1 .45 1  volts  as  the  specific  electrode  potential  of  Pb++  +  PbOi(s) 

+  H+ 
Adding  this  to  the  specific  electrode  potential   (+0.132)1  of  Pb(s), 

Pb++  we  get  — 1 .319  volt  as  the  electromotive  force  of  the  double  cell 

Pb(s),  Fb++(i  M)  ||  H+(i  M),  H«;  Pb++(i  M)  + 

H+(i  M),  PbO,(s)  ||  H+(i  M)t  H* 
In  this  double  cell  when  2  faradays  pass  from  left  to  right  the  following 

reaction  takes  place 

Pb(s)  +  2ftO  =  PbO,(s)  +  2  Ht(i  atm.). 

The  free  energy  decrease  attending  this  reaction  is,  therefore,  193,000 

X  (— 1,319)  or  — 254,600  joules. 
This  same  reaction  evidently  takes  place  when  4  faradays  are  passed 

through  the  cell 

Pb(s)  +  PbO»(s)  +  H+(i  M),  H+(i  M),  H2(i  atm.). 

The  electromotive  force  of  this  cell,  or  the  specific  electrode  potential  of 

the  combination  Pb(s),  PbOi(s)  +  H+  is,  therefore,  — 254,600/386,000 

or  — 0.660  volt. 
Finally,  by  adding  to  the  free-energy  equation  judt  derived, 
1  Noyes  and  Toabe  (This  Journal,  39, 1544  (1917))  found  0.132  for  this  potential; 

while  Lewis  and  Brighton  (This  Journal,  39,  1909  (1917))  found  0.1295.    The  first 

of  these  values  is  here  employed,  since  it  was  derived  from  cells  involving  lead  chloride, 

using  the  same  ionization  value,  namely  that  corresponding  to  the  conductance  ratio. 
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Pb(s)  +  2H2O  =  PbOi(s)  +  2Hj(i  atm.)  — 254,600  joules, 
the  following  one  computed  by  Lewis  and  Randall,1 

2Hi(i  atm.)  +  02(1  atm.)  =  2H1O  +  473,600  joules, 
we  get  for  the  free  energy  of  formation  of  lead  dioxide 

Pb(s)  +  0«(i  atm.)  -  FbOi(s)  +  219,000  joules. 
11.  Summary. 

In  this  article  has  been  described  an  investigation  of  the  equilibrium 
between  solid  plumbous  chloride  and  chlorine  in  hydrochloric  acid  solu- 
tions, including  the  case  where  the  acid  is  so  dilute  that  lead  dioxide 
separates  as  a  solid  phase.  The  apparatus  required  for  accurate  ex- 
periments on  this  equilibrium  has  been  represented  by  a  detailed  drawing 
and  has  been  fully  described. 

The  results  of  this  investigation  show  that  the  complex  chloroplumbic 
acid  has  the  composition  HPbCU;  for  with  a  given  chlorine  pressure  the 
quantity  of  this  complex  acid  present  in  equilibrium  with  solid  plumbous 
chloride  was  found  to  be  proportional  to  the  first  power  of  the  chloride 
ion  concentration.  The  hyidrogen  ion  concentration,  which  would  not  be 
involved  in  the  equilibrium  if  the  ionization  of  the  substances  were  com- 
plete, was  found  to  have  a  small  secondary  effect,  probably  owing  to  an 
influence  on  the  ionization  of  the  chloroplumbic  acid. 

The  equilibrium  constant  corresponding  to  the  expression  (PbCU"")/ 
(Cl~)Pci  '**  given  by  the  expression  K'  =  0.055  +  0.07  cHf  the  concen- 
trations being  expressed  in  mols  per  1000  g.  of  water,  the  partial  pressure 
of  the  chlorine  being  given  in  atmospheres,  and  the  ionizations  of  hydro- 
chloric acid  and  HPbCU  being  assumed  equal. 

The  equilibrium  constant  of  the  reaction  PbCU(s)  +  CU(g)  +  2H1O  = 
PbQ*(s)  +  4H+CI-,  as  given  by  the  expression  K  =  (H+)4(Cl-)4/fci 
was  found  to  be  2.4  X  io"8,  under  the  assumption  that  the  ionization 
of  the  hydrochloric  acid  and  HPbCU  is  complete. 

Prom  these  equilibrium  constants  and  from  other  data  existing  in 
the  literature  the  values  of  the  free  energy  decreases  at  25  °  were  calcu- 
lated for  the  case  that  the  concentrations  of  all  dissolved  substances  are 
one  molal  (except  that  of  the  chlorine  whose  partial  pressure  is  one  at- 
mosphere), and  were  found  to  be  those  expressed  by  the  following  free 
energy  equations: 

Pbd,(s)  +  CU(g)  +  CI"  -  PbCU"  —  6590  joules. 

PbCU(s)  +  2H«0  +  Cl,(g)  -  PbO«(s)  +  4H+CI-  —  43»5«>  joules. 

Pt>(s)  +  0«(g)  -  Pb02(s)  +  219,000  joules. 

Cammxdos,  Mass. 
1  This  Journal,  36,  1992  (1914)- 
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FLUOREMETRY,  QUANTITATIVE  ANALYSIS  BY  COMPARATIVE 
FLUORESCENCE.1    PRELIMINARY  REPORT. 

By  L.  J.  Desha. 

Received  April  22,  1920. 

In  connection  with  a  study  of  the  effects  of  ultra-violet  radiation  upon 
biological  substances  which  has  been  undertaken  in  this  laboratory,  it 
occurred  to  me  that  the  visible  fluorescence  which  is  excited  in  the  solu- 
tions of  so  many  substances  by  these  invisible  rays  might  be  utilized,  un- 
der appropriate  conditions,  as  the  basis  of  a  new  general  method  for  the 
quantitative  determination  of  such  compounds.  When  visible  radiation 
falls  perpendicularly  upon  the  walls  of  a  cylinder  with  an  opaque  bottom, 
containing  a  solution  or  liquid,  little  or  no  light  is  transmitted  to  the  eye 
of  an  observer  placed  above  the  cylinder  except  such  as  may  be  reflected 
by  any  suspended  particles.  A  comparatively  simple  relationship  be- 
tween the  amounts  of  light  thus  reflected  by  2  such  suspensions  forms 
the  now  familiar  basis  of  nephelometry.2*8,4  I  imagined  that  if  2  such 
cylinders  containing  different  concentrations  of  a  fluorescent  substance 
in  solution  were  similarly  exposed  in  a  nephelometer  to  a  source  of  ultra- 
violet radiation,  all,  or  most  all,  of  the  visible  rays  from  the  latter  being 
excluded  by  a  suitable  filter,  the  heights  of  the  2  columns  required  to 
produce  an  optical  balance  in  the  eye  piece  of  the  instrument  should  bear 
some  readily  calculable  relationship  to  the  concentrations.  Experiment 
has  demonstrated  that  this  assumption  is  correct. 

In  the  present  paper  the  arrangement  of  apparatus  is  described,  the 
conditions  essential  to  concordant  determinations  are  outlined  and  re- 
sults are  reported  in  which  it  is  shown  that  determinations  may  be  made 
upon  acid  solutions  of  quinine  sulfate  containing  from  V*  to  2  parts  per 
million  and  alkaline  solutions  of  aniline  iodeosine  containing  2  to  4  parts  per 
million.  A'  further  communication  will  include  a  report  upon  some  ex- 
periments designed  to  increase  still  further  the  accuracy  and  delicacy 
of  the  method;  a  study  of  the  influence  of  added  non-fluorescent  substances, 
a  further  investigation  of  the  form  of  the  curves  obtained  and  certain 
practical  applications.6  The  present  results  are  sufficient,  however,  to 
demonstrate  that  we  have  here  a  new  method  of  microanalysis  of  at  least 

1  Presented  by  title  before  the  Section  on  Physical  and  Inorganic  Chemistry  of 
the  American  Chemical  Society  at  the  St.  Louis  meeting,  April  15,  1920. 

2  P.  A.  Kober,  7.  Biol.  Chem.,  13, 485  (1913);  *0i  155  (1917). 
*  Kober  and  Graves,  /.  Ind.  Eng.  Chem.,  7,  843  (1915). 

4  P.  A.  Kober,  ibid.,  io,  556  (1918). 

§  These  studies  will  include  the  use  of  comparison  cylinders  of  transparent  silica, 
a  determination  of  the  effects  of  added  substances  and  applications  to  the  determination 
of  urobilin  in  body  fluids  and  of  quinine  in  the  blood  of  patients  treated  for  malaria. 
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the  same  order  of  sensitiveness  as  colorimetry  and  nephelometry  and  re- 
quiring no  special  technique  for  the  preparation  of  solutions  to  be  exam- 
ined, which  should  prove  exceedingly  useful  in  the  estimation  of  small 
amounts  of  the  numerous  substances  which  are  either  fluorescent  them- 
selves or  become  so  upon  the  addition  of  suitable  reagents,  but  which  do 
not  readily  lend  themselves  to  determination  by  either  of  the  other  meth- 
ods. 

On  account  of  the  analogy  of  the  procedure  to  colorimetry  and  neph- 
elometry, the  natural  term  by  which  to  designate  the  new  method  would 
be  either  "fluorometry"  or  "fluoremetry."  The  latter  is  preferred  as 
being  less  liable  to  confusion  with  the  process  of  determining  fluorine  in 
an  instrument  which  has  been  given  the  name  "fluorometer."  Even  a 
slight  misunderstanding  as  to  meaning  of  the  term  "fluoremetry"  in  the 
sense  now  proposed  is  regarded  as  less  objectionable  than  the  introduc- 
tion of  such  a  cumbersome  word  as  "fluorescometry." 

Arrangement  of  Apparatus. 
The  source  of  radiation  employed  is  a  mercury  vapor  lamp  in  quartz 
tube  of  the  type  designed  for  use  with  a  transformer  actuated  by  ordinary 
no-volt  alternating  current,1  giving  an  arc  about  12  cm.  in  length.  In 
order  to  cut  off  from  the  eye  of  the  observer  the  powerful  visible  radiation 
from  the  lamp,  the  latter  must  be  enclosed  in  a  suitable  light-tight  box 
which,  on  account  of  the  large  heat  evolution,  should  not  be  too  small 
and  must  be  provided  with  some  means  of  ventilation.  Practically  I 
found  it  convenient  to  install  the  lamp  in  an  ordinary  chemical  hood,  the 
interior  of  which  was  painted  white,  several  coats  of  black  paint  applied 
to  the  glass  of  the  sash  windows  and  all  cracks  made  tight  by  cotton  wool 
or  putty.  Beneath  one  of  the  partially  raised  sashes  was  closely  fitted 
a  section  of  "beaver"  wall  board  in  which  an  opening  8.75  cm.  square 
1  This  lamp  and  transformer  are  manufactured  by  the  Hanovia  Chemical  Com- 
pany of  Newark,  N.  J.,  and  billed  by  them  as  "A.  S.  type  quartz  lamp  for  no  volts 
A.  C.,  with  transformer  to  operate."  In  a  letter  from  this  company  it  is  stated  that 
the  lamp  emits  3000  candle  power  visible  radiation  and  that  the  1 10-volt  actuating 
cm  1  cut  is  stepped  up  by  the  transformer  to  390  volts.  A  plug  on  the  transformer  is 
poshed  in  after  the  lamp  has  been  in  operation  some  7  to  10  minutes,  thus  cutting  out 
part  of  the  external  resistance  and  giving  the  maximum  of  radiation  both  visible  and 
ultra-violet.  The  current  consumption  is  stated  to  be  3.5  amperes  while  operating  and 
somewhat  greater  at  the  moment  of  establishing  the  arc.  These  figures  I  have  not 
personally  attempted  to  verify. 

The  attempt  has  been  made  to  render  fiuoremetric  methods  available  to  more 
workers  by  the  substitution  of  a  source  of  illumination  more  generally  accessible  than 
the  quartz-enclosed  mercury  arc.  A  marked,  though  less  intense,  fluorescence  is  ob- 
xrad  when  a  750  watt  "Mazda,  Type  C"  lamp  is  used  in  connection  with  the  filter  G 
5*6  AW.  With  this  arrangement  comparisons  may  be  made  with  a  fair  degree  of  ac- 
curacy upon  fully  acidified  solutions  of  quinine  sulfate  about  10  times  more  concen- 
trated than  those  used  with  the  mercury  arc. — June  14,  1920. 
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had  been  cut  at  the  level  of  the  lamp  tube.  On  the  outside  of  the  hood 
was  installed  a  Kober  nephelometer1  with  the  end  of  the  lamp  house 
(from  which  the  incandescent  bulb,  the  lens  and  glass  plate  had  been  re- 
moved) directly  against  and  surrounding  the  opening  in  the  "beaver" 
board.  Radiation  from  the  lamp  (which  is  used  "side-on")  therefore 
falls  upon  the  walls  of  the  comparison  cylinders  when  placed  in  their 
proper  holders  at  a  distance  of  50  to  80  cm.  from  the  source  of  illumina- 
tion, depending  upon  the  position  of  the  lamp  with  reference  to  the  front 
of  the  hood. 

When  the  cylinders  are  thus  exposed  to  the  intense  full  radiation  of 
the  lamp  there  is  so  much  reflection  of  visible  rays  from  the  walls  of  the 
cylinders  and  other  parts  of  the  instrument,  that  there  is  considerable 
light  visible  in  the  eye  piece  when  only  distilled  water  is  present  in  the 
cylinders — or,  in  fact,  when  the  cylinders  are  removed.  It  is,  therefore, 
absolutely  essential  that  the  greater  part  of  the  visible  rays  be  eliminated 
by  a  suitable  filter  so  placed  as  to  tightly  close  the  opening  in  the  beaver 
board.  Plates  of  glass  of  the  Uviol  type  are  best  adapted  to  this  purpose.2 
With  one  of  these  ("Violet  Ultra")  it  was  possible  to  reduce  the  visible 
radiation  to  such  an  extent  that,  with  the  lamp  at  50  cm.  from  the  cylin- 
ders, one  of  the  latter  filled  with  distilled  water  or  N  sulphuric  acid  to  a 
depth  of  100  mm.  gave  a  barely  discernible  haze — of  the  order  produced 

1  This  is  one  of  the  newer  types  of  the  instrument,  differing  from  that  described 
by  Kober  (/.  Biol.  Chem.,  29, 155  (1917))  in  that  the  optical  arrangement  is  not  such  as 
to  produce  the  Lummer-Brodhun  effect  (square  within  a  circle)  but  gives  a  simple 
divided  circle  as  in  most  other  instruments.  Unlike  the  Duboscq,  however,  the  right 
field  corresponds  to  the  right  cup  and  not  the  reverse.  The  instrument  is  also  provided 
with  the  pin-hole  aperture  in  the  observation  tube,  the  importance  of  which  has  been 
emphasized  by  Kober  (/.  Ind.  Eng.  Chem.,  10,  556  (191 8)). 

*  Two  glasses  suitable  for  this  purpose  may  be  obtained  from  the  Corning  Glass 
Works,  Corning,  N.  Y.  One  of  these,  known  as  "Red-Purple  Ultra,  G  586  A,"  comes 
in  a  thickness  of  about  5  mm.  As  visually  observed  with  the  spectroscope,  this  glass 
transmits  the  2  faint  red  lines  at  the  extreme  left  of  the  mercury  spectrum  (in  the 
neighborhood  of  7080  and  6920),  and  a  barely  distinguishable  trace  of  the  brilliant 
green  line  at  5461  while  all  of  the  lines  in  the  violet  from  4078  to  the  end  of  the  visible 
spectrum  are  strongly  transmitted.  The  second  glass  "Violet  Ultra  G  586  AW,"  is 
about  10  mm.  in  thickness  and  transmits  no  visible  radiation  of  wave-length  greater 
than  3984.  Both  of  these  are  claimed  to  be,  and  apparently  are,  extremely  trans- 
parent to  the  rays  in  the  neighborhood  of  3650,  the  region  of  greatest  intensity  of  ultra- 
violet radiation  in  the  mercury  arc.  The  choice  of  the  one  or  the  other  as  a  filter  in 
fluoremetry  will  depend  somewhat  upon  the  intensity  of  the  source  of  illumination. 
The  "Red  Purple  Ultra"  appears  to  transmit  somewhat  more  of  the  ultra-violet  as  well 
as  the  longer  waves  than  does  the  "Violet  Ultra"  but  in  order  to  obtain  zero  illumination 
when  using  it  with,  a  strong  lamp  the  latter  must  be  removed  to  a  considerably  greater 
distance  from  the  comparison  cylinders  than  when  using  the  "Violet  Ultra." 

The  use  of  these  glasses  was  suggested  to  me  by  Dr.  E.  K.  Carver  in  connection 
with  the  qualitative  observation  of  fluorescence. 
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by  3  to  4  mm.  of  a  one  part  to  20  million  solution  of  quinine  sulfate  in  N 
sulfuric  acid. 

In  the  early  experiments,  the  laboratory  was  darkened  by  curtains  for 
the  purpose  of  making  the  readings,  but  when  it  was  found  that  the  ex- 
periment was  yielding  results  which  would  justify  considerable  work,  a 
small  dark  room  was  built  against  the  front  of  the  hood.  The  greater 
ease  and  accuracy  with  which  readings  could  be  made,  clearly  demon- 
strated that  for  this  work  a  dark-room  is  a  practical  necessity.  A  black 
cloth  hung  around  the  instrument,  to  aid  in  cutting  off  such  rays  as  pass 
the  openings  of  the  side  doors,  may  be  used  without  interfering  with 
the  operation  of  adjusting  the  column  heights,  and  may  be  lifted  for 
reading  the  scale.  The  latter  is  accomplished  by  the  aid  of  a  very  dim 
light  to  keep  the  eyes  sensitive  for  the  next  setting. 

Precautions. 

Workers  accustomed  to  the  use  of  the  colorimeter  and  nephelometer 
will  instinctively  guard  against  such  sources  of  error  pointed  out  by 
Folin,  Kober  and  others,  as  eye  fatigue,  bodily  strain,  dust  upon  the 
optical  parts,  incorrect  adjustment  of  verniers,  failure  to  dry  the  exterior 
of  cylinders  or  to  rinse  these  properly  and  to  wash  and  dry  the  plungers 
when  solutions  are  changed.  ,They  will  also  naturally  adopt  a  regular 
routine  under  which  settings  are  made  alternately  from  dark  to  light,  and 
vice  versa,  and  the  mean  of  an  even  number  in  each  direction  taken  for 
the  average.  Special  mention  should  perhaps  be  made  of  the  recent  ob- 
servations of  Lamb,  Carleton  and  Meldrum,1  who  point  out  the  errors 
which  may  arise  through  rotation  of  the  eye  piece  and  suggest  the  marking 
of  cups  to  insure  their  replacement  in  exactly  the  same  positions.  The 
latter  I  have  found  particularly  important  in  the  work  now  reported. 

In  addition  to  these,  and  to  the  lighting  conditions  already  discussed, 
certain  special  precautions  are  to  be  observed.  The  source  of  illumina- 
tion being  neither  at  an  infinite  distance,  as  in  the  Duboscq  colorimeter, 
not  attached  to  the  instrument  base  as  in  the  regular  Kober  nephelo- 
meter, it  is  desirable  to  adjust  the  position  of  the  lamp  from  right  to  left, 
or  vice  versa,  until  an  approximate  balance  of  the  fields  has  been  secured, 
after  which  the  relative  positions  of  lamp  and  instrument  must  be  main- 
tained throughout  any  series  of  readings.  Even  so,  however,  it  has  not 
yet  been  possible  so  to  control  conditions  that  the  ratio  between  standard 
solutions  contained  in  both  cylinders  remains  exactly  the  same  for  many 
minutes.  Thus  in  a  series  of  readings  in  which  the  standard  in  the  left- 
hand  cup  remains  at  the  same  height  and  the  same  solution  in  the  right- 
hand  cap  was  read  against  it  at  intervals  of  about  20  minutes  such  values 
(each  an  average  of  4  settings)  as  19.75,  19. 1,  18.7  and  19.0,  were  ob- 
tained. Practically,  this  source  of  error  maybe  overcome  with  reasonable 
1  This  Journal,  42,  251  (1920). 
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accuracy  by  reading  the  standard  both  before  and  after  the  unknown 
and  taking  the  mean  of  these  two  as  the  true  basis  for  comparison. 

Such  a  shifting  of  the  relative  values  of  the  fields  is  observed  in  nephelo- 
metry,  but  according  to  most  reports  it  occurs  less  rapidly.  I  am  of 
the  opinion  that  in  the  present  case  it  must  be  due  to  variations  in  the 
intensity  of  the  mercury  arc  at  different  points,  caused  probably  by 
changes  in  the  outside  voltage.1  If  this  is  the  case,  it  would  seem  possi- 
ble to  correct  it  by  using,  instead  of  the  direct  radiation,  the  rays  brought 
to  a  focus  by  a  suitable  quartz  lens  or  system  of  metallic  mirrors,  but 
neither  of  these  has  been  available.  As  stated  above,  the  lamp  has  been 
so  placed  that  it  is  radiation  from  one  side  of  the  quartz  tube  which  is 
utilized;  using  it  in  the  end-on  position  results  only  in  diminution  of  the 
intensity  without  improvement  in  constancy.  The  shifting  is  not  due,  as  I 
at  one  time  imagined,  to  a  photolysis  of  the  fluorescent  substance  stand- 
ing in  the  left-hand  cell  during  a  whole  series  of  comparisons.  This  is 
shown  by  the  fact  that  the  shift  is  not  always  in  the  same  direction  and 
persists  even  when  the  solution  in  the  left  cylinder  is  changed  after  the 
comparison  of  each  unknown.  The  possibility  of  such  a  photolysis 
should,  however,  be  borne  in  mind  when  dealing  with  substances  which 
are  particularly  sensitive  to  photochemical  change. 

A  further  precaution  is  that  of  adequate  dilution  of  the  solutions  ex- 
amined. We  have  here  a  situation  much  more  important  than  the  errors 
which  arise  in  colorimetry  through  the  comparison  of  columns  widely 
differing  in  depth.  In  fluoremetry  we  are  dealing  with  a  phenomenon 
in  which  the  light  is  a  function  not  only  of  the  amount  of  dissolved  fluore- 
gene,  but  also  of  the  amount  of  exciting  radiation  absorbed.  It  is  to  be 
expected,  therefore,  that  when  the  concentration  of  a  solution  is  already 
such  that  it  completely  absorbs  the  exciting  rays,  further  increases  in 
concentration  will  produce  little  or  no  increase  in  the  amount  of  fluores- 
cence observed.2  Thus  it  has  been  found  that  3.6  mm.  of  a  400  mg./ 
liter  solution  of  quinine  sulfate  is  matched  by  22  mm.  of  a  solution  con- 
1  In  this  connection  it  should  be  noted  that  this  shifting  of  the  fields  is  more  marked 
soon  after  lighting  the  lamp  than  later  on.  The  lamp  does  not  develop  its  full  intensity 
until  it  has  been  in  operation  some  20  minutes  and  it  has  been  found  advantageous  to 
allow  it  to  remain  lighted  for  even  a  longer  period  before  starting  an  important  series 
of  readings. 

1  This  result  would  naturally  be  anticipated  from  the  reports  of  numerous  inves- 
tigations which  show  that  the  rate  of  a  photochemical  reaction  does  not  follow  the 
law  of  mass-action  when  the  active  rays  are  completely  absorbed.  Thus  Luther  and 
Forbes  (This  Journal,  31,  777  (1909)),  found  that  for  the  reaction  between  quinine 
and  chromic  acid  "in  ultra-violet  light  the  velocity  appears  independent  of  the  con- 
centration of  quinine,  but  in  violet  light  these  two  quantities  are  roughly  proportional 
to  each  other."  This  is  explained  by  the  fact  that  the  ultra-violet  light  is  completely 
absorbed  while  the  violet  light  is  absorbed  only  slightly.  The  fluorescent  light  with 
which  the  present  paper  is  concerned  is  due  entirely  (within  the  limits  of  our  power  of 
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taining  1  mg.  per  liter  (both  of  the  same  acid  concentration).  The  as- 
sumption that  the  column  heights  will  be  inversely  proportional  to  the 
concentrations,  would  call  for  a  ratio  of  i  :  400  whereas,  in  fact,  it  is  only 
about  1  : 6.  Yet,  as  noted  below,  when  it  is  a  question  of  comparing 
among  themselves  solutions  containing  from  0.5  to  2  mg.  per  liter  a  re- 
lationship closely  approximating  inverse  proportionality  is  found  to  exist. 

As  a  practical  means  of  securing  adequate  dilution,  it  is  suggested  that 
the  solution  of  any  unknown  substance  be  diluted  by  known  stages  until 
a  point  is  found  where  further  dilution  produces  a  marked  reduction  in 
the  luminescence  of  the  flask  or  test-tube  when  held  in  the  path  of  the 
screened  ultra-violet  radiation.  It  is  better  still  to  dilute  the  solution  of 
the  unknown  substance  until,  when  poured  into  a  flat-walled  vessel  10 
mm.  in  thickness  (spectroscopic  cell)  placed  between  the  source  of  radia- 
tion and  the  parent  solution  contained  in  an  observation  cylinder  stand- 
ing in  the  instrument,  enough  radiation  is  transmitted  by  the  solution  in 
the  cell  to  produce  a  marked  fluorescence  in  the  cylinder.1 

Finally*  it  is  to  be  observed  that  for  the  substances  so  far  examined  the 
reaction  of  the  solution  bears  an  important  relationship  to  the  amount 
of  fluorescence  as  shown  by  the  data  in  Table  I.    In  this  case  the  marked 

Table  I. 
Influence  of  Hydroxyl  Ion  Concentration  upon  Fluorescence  of  Aniline-Iodeosine 
Solution  Containing  4  Mg.  per  Liter. 

Reaction  of  solution. 
0.005  N  HsSO« 

O.OOI  NUSO4 

Neutral 

0.1  N  NaOH 

i.86iVNaOH 

(The  standard  solution,  *'.  e.,  the  one  0.1  N  with  respect  to  NaOH,  was  placed  in 
toe  left  cup  of  the  instrument  at  15  mm.,  which  gave  a  reading  of  16.2  for  the  same  solu- 
tion in  the  right-hand  cup.  The  other  solutions  were  then  read  in  the  right-hand  cup, 
the  standard  remaining  the  same  on  the  left,  except  in  the  case  of  the  stronger  acid  where 
it  had  to  be  set  at  a  lower  value.  The  diminution  in  fluorescence  found  with  the  1 .86  N 
NaOH  was  probably  due  less  to  any  interference  by  the  excess  of  alkali  as  such  than 
to  its  gradual  destruction  of  the  'color  body,  for  this  solution  became  colorless  after 
standing  for  several  days.) 

increase  in  fluorescence  of  aniline-iodeosine  solutions  in  passing  from  o .  001 
•V  acid  to  neutrality,  as  compared  with  the  change  from  neutral  too.iN 
alkali,  indicates  that  provided  the  solutions  are  distinctly  non-acid,  such 

measurement)  to  the  ultra-violet  rays  as  shown  by  the  fact  that  no  trace  of  it  can  be 
rtaervcd  when  the  exciting  radiation  is  made  to  pass  first  through  10  mm.  of  a  strong 
station  of  quinine  sulfate  (1  :  2500)  though  the  latter  does  not  diminish,  so  far  as  I 
ta*e  been  able  to  observe,  the  intensity  of  any  of  those  visible  lines  of  the  mercury  arc 
which  are  passed  by  the  glass  filter  "G  586  A." 

1  If  comparison  cylinders  of  transparent  silica  and  a  cell  of  the  same  material 


Height  of  column  required 
to  match  standard. 
Mm. 

Comparative 
fluorescence.     % 

128.O 

13 

57-0 

29 

16.7 

97 

l6.2 

100 

23.O 

70 
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minor  differences  in  alkali  concentration  as  would  be  incurred  in  prac- 
tical determinations  would  be  without  appreciable  effect.  A  similar  con- 
dition was  found  for  quinine  sulfate  when  an  acidity  about  normal  is  main- 
tained. The  presence  of  considerable  quantities  of  non-fluorescent  substances 
(neutral  salts)  in  solution  has  also  been  shown  to  reduce  the  fluorescence 
though  the  change  here  is  of  a  much  lower  order  than  that  caused  by  varia- 
tions in  the  reaction.  A  more  complete  study  upon  these  points  is  in 
progress.1  For  the  present  it  should  be  emphasized  that  for  comparable 
results  the  concentration  of  salts  and  of  hydrogen  or  hydroxyl  ion  in  tlie 
standard  and  unknown  solutions  should  be  approximately  the  same. 
Results  of  Measurements. 
Quantitative  comparisons  have  been  made  with  solutions  of  quinine 
sulfate  and  aniline  iodeosine.  Among  the  known  fluorescent  substances 
which  happened  to  be  available,  these  selections  were  made  for  the  pre- 
liminary work  because  they  exhibit  their  fluorescence  in  acid  and  in  alka- 
line solution,  respectively,  because  an  application  of  the  quinine  deter- 
mination in  a  biochemical  connection  was  contemplated  and  because 
the  aniline-iodeosine  solutions  may  likewise  be  studied  in  the  colori- 
meter, thus  affording  a  direct  comparison  with  that  method.  No  special 
attention  was  given  to  the  purification  of  the  original  specimens  used 
since,  for  the  present,  comparisons  were  to  be  made  only  between  differ- 
ent dilutions  of  the  same  parent  solution.*  The  results  of  these  corn- 
were  used  it  would  be  a  simple  matter  to  determine  what  concentration  of  any  sub- 
stance in  the  cell  when  placed  in  front  of  one  of  the  cylinders  would  reduce  the  fluores- 
cence therein  to  a  definite  fraction  of  the  former  value  required  to  match  the  companion 
cylinder  not  so  screened.  It  is  suggested  that  such  measurements  may  be  useful  when, 
in  the  absence  of  the  difficultly  obtainable  quartz  spectrograph  and  accessories  it  is 
desired  to  determine  in  a  semi-quantitative  way  the  extinction  coefficient  for  the  longer 
ultra-violet  rays. 

1  The  referee  to  whom  this  paper  was  submitted  by  the  Editor  has  kindly  called 
my  attention  to  an  observation  by  Buckingham  (Z.  physik.  Chem.,  14,  129  (1894)), 
that  quinine  behaves  differently  in  chloride  and  in  sulfate  solutions.  In  my  note  book 
under  date  of  March  3,  1920,  there  appears  a  memorandum  showing  that  the  addition 
of  cone,  hydrochloric  instead  of  cone,  sulfuric  acid  to  a  certain  solution  of  quinine 
sulfate  gave  very  little  fluorescence.  This  observation  was  the  basis  of  the  work  on 
the  effect  of  foreign  substances  here  referred  to  which  will  be  reported  in  a  later  com- 
munication. 

1  One  gram  of  quinine  sulfate,  U.  S.  P.,  was  dissolved  in  100  cc.  of  dil.  sulfuric  acid 
and  a  portion  of  this  still  further  diluted  until  a  concentration  of  2.5  mg.  per  liter  was 
obtained  (the  solution  having  been  neutralized  in  the  meanwhile  by  the  addition  of  the 
amount  of  0.1  N  sodium  hydroxide  solution  indicated  by  the  titration  of  a  portion, 
using  methyl  red  as  the  indicator).  To  volumes  of  from  10  to  40  cc.  of  this  neutral 
stock  solution  10  cc.  of  5  N  sulfuric  acid  was  added  in  each  case  and  the  whole  made  up 
to  50  cc.  The  resulting  solutions,  used  for  the  comparisons,  therefore,  contained  from 
0.5  to  2  mg.  per  liter  of  quinine  sulfate  in  N  sulfuric  acid. 

For  the  aniline-iodeosine  solutions,  0.5  g.  of  the  substance  was  dissolved  in  dis- 
tilled water  and  diluted  to  a  stock  solution  containing  20  mg.  per  liter.    Of  the  latter, 
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parisons  are  given  in  Tables  II  and  III  and  graphically  represented  by 
the  continuous  curves  in  the  upper  parts  of  Pigs.  1  and  2.  They  will 
be  discussed  presently. 

Table  II. 

Fluoremetric  Readings  of  Quinine  Sulfate  Solutions  in  N  Acid  Compared  with  Standard 

(5)  Containing  one  mg.of  Quinine  Sulfate  per  Liter. 

Mm. 


Concentrations 
in  mg./I*. 


2.0 
Mm. 


IO.3 

Individual  10.7 

Settings  10.6 

10.3 

Av.  1st  series 10.45 

At.  2nd  series 10.3 

At.  3rd  series 10.2 


1.7 

Mm. 

I2.0 

".95 
I2.0 

I2.0 
12. 1 

11. 8 


1.4 
Mm. 

147 
14.6 
14 '7 
14.8 
14-7 
14.6 
143 


1.2 

Mm. 

170 
17.O 

173 
17.2 
17. 1 
16.7 
16.4 


197 
19.6 
20.0 
19. 1 
19.6 
19.8 
19.O 


0.8 
Mm. 

24.6 
25.O 
24.6 

253 
24.9 
24.3 
23.O 


0.6 
Mm. 

31.4 
32.O 
32.1 
31.8 
31.8 
315 
30.7 


0.5 
Mm 


36.6 


At.  3 


10.32     11.97     14.53     16.73     1947     24-07     31-53     36.6 


Adjusted  av.  (*) 10.28     11.98     14.53     16.76     19.5      24.10    31.15    36.6 

•  These  "adjusted  averages"  are  the  values  obtained  by  averaging  the  3  series 
after  the  results  in  each  had  been  calculated  (on  the  assumption  of  exact  proportionality 
for  differences  of  not  more  than  0.5  mm.)  to  what  they  should  have  been  had  the  stand- 
ard (*)  read  in  each  case  19.5  mm.  instead  of  19.6,  19.8  and  19.0  as  actually  found. 
It  will  be  observed  that  the  results  thus  obtained  differ  only  inappreciably  from  those 
in  the  line  above  them,  which  are  the  plain  averages  of  actual  readings. 

TabUs  III. 

Fluoremetric  Readings  of  Aniline-Iodeosine  Solutions  in  o.i  N  Alkali  Compared  with 

Standard  (s)  Containing  4  Mg.  of  Aniline  Iodeosine  per  Liter. 

Concentrations  («.) 

in  mg./L.  4 

Mm. 

At.  ist  series 16.25 

At.  2nd  series 16.10 

At.  3rd  series 16.05 


3.6 

8 

2.6 

2.0 

Mm. 

Mm. 

Mm. 

Mm. 

18.O 

20.I 

24.4 

31.5 

18.O 

20.I 

24.2 

30.6 

179 

20.0 

24-7 

314 

Av.,  3  series 16.10        17.97        20.07        24.43        31 .17 

Adjusted  (*)  average 16.00        17.83        19.90        24.25        30.90 

1  Obtained  as  in  Table  II  by  calculating  the  figures  in  each  series  to  a  common 
basis  of  s  —  16.0  mm. 

The  results  of  comparing  the  same  aniline-iodeosine  solutions  by  colorim- 
etry  and  fluoremetry  (Table  IV)  are  interesting.  In  addition  to  show- 
ing the  divergence  in  ratios  of  readings  to  concentrations  for  the  2  meth- 
ods, elsewhere  discussed,  they  indicate  that  the  fluoremetric  readings 
are  somewhat  more  concordant.  The  latter  is  not  surprising  in  this  case 
when  it  is  considered  that  the  color  compared  in  the  colorimeter  is  pink, 

volumes  of  from  10  to  20  cc.  were  measured,  10  cc.  of  N  1  sodium  hydroxide  solution 
added  in  each  case  and  the  whole  diluted  to  100  cc.  The  resulting  solutions  thus  con- 
tained from  2  to  4  mg.  of  aniline  iodeosine  per  liter  in  0.1  N  sodium  hydroxide  solution. 
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to  which  the  eye  is 

much  less  sensitive  than  to  the  greenish 

blue  of  the 

fluorescent  light. 

Tablb  IV. 

Fluoremetric  and  Colorimetric  Comparisons  of  the  Same  Solutions  of  Aniline  Iodeosine. 

Fluoremetric  Readings. 

Colorimetric  Readings. 

(Duboscq  Colorimeter.) 

Left. 

Right. 

Left. 

Right. 

(4  mg./L.) 

(2  mg./L.) 

(4  mg./L.) 

(2  mg./L.) 

5  ■»  16. O* 

30.6 

5   =   l6. O*    ' 

32.2 

30.6 

34-3 

31.5 

34-3 

31.5 

350 

31.6 

32.0 

32.0 

327 

32.0 

33  0 

31.5 

34-8 

16.0  31.4  16.0  33.5 

*  In  each  instrument  the  stronger  solution  was  set  at  such  a  height  in  the  left  hand 
cup  as  to  give  a  value  of  16.0  mm.  in  the  right-hand  cup  when  the  latter  was  filled  with 
the  same.  The  right  cup  was  then  emptied,  filled  with  the  weaker  solution  and  read- 
ings made  as  indicated,  the  left  remaining  unchanged  throughout. 

Discussion  of  Results. 

The  results  obtained  with  the  sets  of  solutions  of  quinine  sulfate  and 
aniline-iodeosine,  equal  among  themselves  in  content  of  acid  and  alkali, 
respectively,  are  expressed  graphically  by  the  solid  curves  in  Figs.  1  and  2, 
in  which  the  readings  obtained  are  plotted  as  ordinates  against  the  con- 
centrations, in  mg.  per  liter,  as  abscissas.  The  dotted  curve  in  each  figure 
represents  the  colorimetric  or  theoretical  curve  drawn  on  the  assumption 
that  y  =  s/x  (5  being  the  reading  of  the  standard). 

The  relationships  of  these  2  sets  of  curves  naturally  suggest  that  exist- 
ing between  the  eolorimetire  and  nephelometric  curves  which  has  been 
discussed  by  Kober1  and  it  was  considered  interesting  to  inquire  whether 
the  formula  developed  by  him  for  the  nephelometric  curve  would  repre- 
sent the  results  of  fluoremetry. 

Kober's  formula  is  as  follows 

y-  (s/x)-(i-x)sk/x*) 
in  which  y  is  the  height  of  the  column  of  unknown  solution,  x  the  ratio 
of  its  concentration  to  that  of  the  standard,  s  the  height  of  the  standard 
and  k  a  constant  to  be  determined  (for  any  particular  instrument  and 
set  of  solutions)  by  substituting  in  the  formula  the  standardization  values 
of  y,  x  and  s. 

In  Col.  4  of  Table  V  will  be  found  the  values  obtained  by  solving  for 
k,  (k  =  x  (/i  — x)  —  (x*y/(i  — x)s),  when  the  values  for  y,  s  and  x  in 
fluoremetric  measurements  (Tables  II  and  III  and  Cols.  2  and  3  of  Table 
1  hoc.  dt. 
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V)  arc  substituted.  These  values  for  k  do  not  possess  the  same  claim  to 
constancy  as  those  found  in  nephelometric  work,1  a  condition  which 
may  or  may  not  be  altered  by  the  elimination  of  further  sources  of  error 
in  the  measurements.  More  significant  than  this  is  the  fact  that  in  the 
case  of  quinine  sulfate  where  solutions  both  stronger  than  the  standard 
and  more  dilute  are  compared  with  it,  2  distinctly  different  sets  of  values 
are  encountered  for  k,  the  one  corresponding  to  the  range  of  higher  con- 
centrations, the  other  to  the  lower.  The  divergences  are  not  of  a  type 
to  indicate  that  they  are  due  primarily  to  errors  in  measurements  and  it 
has,  therefore,  been  considered  preferable  to  use  the  average  value  of  k 
as  actually  found  for  each  range  of  concentration  in  determining  the  cor- 
rection factor  (Col.  6)  for  the  solutions  included  within  that  range. 

Tablb  v. 
Comparison  op  Fluowjmbtric  Readings  with  Colorimstric  and  Nephelometric 

Curves. 

1.  2.  3.  4.  5.  6.  7.  8.  9. 

Fluore-      Constant  Neph 

Ratio  to        metric   /  *        x*y  \  s         Correc'n 

Cone.  Standard.   Readings. (t^TI^) J      yT        f5%T£\  f^'         ™2±' 

mg/U       *■  *Fluor.  -*.  ycolor.       V     *«     )      ^^^      *Fluor.        WMuor. 

Quinine  Sulfate  in  N  1  H2SO4.    Standard  contains  one  mg.  per  liter;  s  =»  19.5  mm. 

(*  -  0.139). 
Mm.  Mm.  Mm.  Mm.  %.  %. 

2.0  2.0  10.28  0.109  9-75  +0.68  10.43  948  101.5 

1.7  1-7  II.98  0.107  11-47  +0.66  12.13  95  -7  IOI.3 

1.4  1.4  14.53  0.151  13.86  +0.55  14-41  95  4  99  2 

1.2  1.2  16.76  0.188  16.25  +0.38  16.63  97  o  99-2 


Av.  0.139 

10       1.0          195  W       ••■           19  5              0.00  195 

(*  -  0.056). 

0.8       0.8           24.10        0.045         24.38        — 0.34  24.04       101.2           99.8 

0.6       0.6           31.15         0.062         32.50        — 1. 21  31.29       104.3         100.4 

0.5      0.5          36.60        0.062        3900        — 2.18  36.82       106.6        100.6 


Av.  0.056  * 

Aniline  Iodeosine  in  0.1  iVNaOH. 

Standard  contains 

4  mg.  per 

liter;  5  ™ 

16.0  mm. 

(*  -  0.024). 

400     1.0 

16.00(5)     ... 

16.00 

— O.OO 

36      0.9 

17.83        0.024 

17.78 

— O.05 

17  73 

99  7 

994 

32      0.8 

19.90         O.OIO 

20.00 

— O.I2 

19.88 

100.5 

99  9 

26      0.65 

24.25        0.027 

24.62 

— O.32 

24.30 

101.5 

100.2 

2.0      0 . 50 

30.90        0.034 

32.00 

—O  77 

31  23 

103.6 

101.3 

Av.  0.024 

Column  5   gives  the  colorimetric  or  inverse  proportionality  curve, 
y  =  s/x,  to  which  the  nephelometric  correction  (Col.  6)  is  added  algebra- 
ically to  obtain  the  values  for  the  nephelometric  curve,  Col.  7.    The 
1  Compare  S.  S.  Graves,  This  Journal,  37,  1176  (1915). 
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figures  in  Cols.  8  and  9  show,  respectively,  the  percentage  of  the  fluorescent 
substance  actually  present  which  would  be  indicated  if  the  results  of 
fluoremetric  comparisons  were  read  off  directly  from  the  colorimetric 
and  nephelometric  curves.  The  errors  thus  occasioned  are  represented 
graphically  by  the  curves  in  the  lower  parts  of  Figs.  1  and  2.  It  is  obvious 
that  the  nephelometric  curve,  as  modified  by  the  use  of  different  con- 
stants for  the  2  ranges  of  concentration,  expresses  the  results  of  fluore- 

Values  of  *. 
2.0         1.7         1.4      1.2    1.0     0.8      0.6    0.4 


Quinine  sulfate 
height  of  column 


2.0  1.7  1.4      1.2      1.0     0.8      0.6    0.4 

Concentrations  in  mg.  oer  liter. 

Fig.  1. — Relationship  between  Fluorescence  and  Concentration. 

.     «  .„  „  Cone,  sol'n  compared 

m  N  H1SO4.     Upper  curves:    x  =  — — -— — ;  y  « 

Cone,  standard  (z  mg./L) 

required  for  fluoremetric  match  with  19.5  mm.  of  standard;  solid  line  is  the  curve  of 

observed  relationships;  broken  line  is  the  inverse  proportionality  (colorimetric)  curve. 

Lower  curves:   dash  line  shows  the  error  (%)  in  actual  concentrations  of  solutions 

resulting  from  interpreting  fluoremetric  readings  from  colorimetric  curve;  dot-dash 

line  shows  the  error  (%)  from  interpretation  by  modified  nephelometric  curve. 

metric  comparisons  with  an  average  error  of  about  V*  the  magnitude 
which  is  encountered  in  the  use  of  the  inverse  proportionality  curve. 
This  gives  ground  for  the  hope  that  work  with  other  substances  will 
demonstrate  the  possibility  of  a  further  modification  which  may  render 
the  nephelometric  formula  applicable  to  fluoremetry. 
In  further  justification  of  the  use  of  separate  constants  for  the  ranges 
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of  concentration  greater  and  less  than  the  standard  of  comparison,  it 
seems  desirable  to  call  attention  to  certain  facts  regarding  the  magnitude 
and  sign  of  nephelometric  correction.  It  will  be  observed  that  in  the 
formula 

y-  (s/*)-((i-*)sfc/**) 
the  expression  — ((1  —  x)sk/%t)  represents  the  correction  which  must  be 
applied  to  the  colorimetric  curve  as  given  by  the  term  s/x.    In  all  of  the 
curves  published  by  Kober  and  his  co-workers  (so  far  as  they  have  come 

Values  of  x. 
0.9         0.8  0.7         0.6         0.5 


3.2  2.6 

Mg.  per  liter. 

Fig.  2. — Relationship  between  Fluorescence  and  Concentration.    Aniline  Iodeosine 

.r  ^  ~™     „  Cone,  sol'n  compared  t    .  , 

m  0.1  N  NaOH.    Upper  curves:    x  = — — ^-r;    y  —  height  of 

Cone,  standard  (4  mg./L) 

column  required  for  fluoremetric  match  with  16.0  mm.  of  standard.    The  several  curves 

have  the  same  significance  as  those  in  Fig.  1. 

under  my  observation)  the  strongest  solution  in  a  series  is  the  one  uni- 
formly taken  as  the  standard.  In  consequence,  no  value  of  x  greater 
than  one  is  encountered.  When,  however,  an  intermediate  concentra- 
tion is  used  for  the  standard  of  measurement,  ratios  greater  than  one  will 
appear  and,  from  the"  form  of  the  expression  — ((1  — x)sk/xl)  it  will  be 
seen  that  whenever  x  becomes  greater  than  one,  the  sign  of  the  resulting 
correction  must  necessarily  change.    That  is  to  say,  if  the  nephelometric 
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curve  lies  below  the  colorimetric  for  the  region  where  x  <  1  it  should 
lie  above  the  other  for  any  values  of  x  greater  than  one.  As  stated,  I 
have  seen  no  nephelometric  curves  which  could  be  used  for  ascertaining 
whether  this  relationship  holds  good  and  I  have  not  yet  had  the  time  to 
make  appropriate  measurements  myself.  But  in  plotting  the  observed 
results  of  fluoremetric  measurements  I  was  at  once  struck  with  the  regular 
reversal  of  the  positions  of  the  actual  and  inverse  proportionality  curves 
whenever  I  passed  from  solutions  weaker  than  the  standard  to  those 
more  concentrated.    This  observation  led  me  to  calculate  the  magni- 


d 


00 


NO 
«0 


Mm. 

-f  0.2 

Zero 

—  0.2 

—  0.4 

—  0.6 

—  0.8 

—  1.0 

—  1.2 

—  i-4 

—  1.6 
Fig.  3. — Variations  in  the  sign  and  magnitude  of  the  nephelometric  correction 

factor, ,  (ordinates  of  this  curve)  with  changes  in  ratio  of  concentrations 

on  both  sides  of  x  =  1.    Calculated  for  standard  (s)  set  at  20  mm.  and  k  —  0.052. 

tude  of  the  nephelometric  correction,  — ((1  —  x)sk/x*)t  for  considerable 
variations  in  x  on  both  sides  of  x  =  1.  The  results  of  such  a  calculation 
for  the  case  in  which  k  =  0.052  and  s  =  20.0  mm.  are  plotted  in  Fig.  3. 
In  addition  to  the  change  in  sign  of  the  correction  on  the  two  sides  of 
x  =  1,  it  is  noted  that  the  absolute  value  for  the  interval  between  x  =  1 
and  x  ■»  2  is  only  about  V10  of  that  between  x  =  1  and  x  =  l/%;  that  a 
maximum  occurs  at  x  =  2  and  that  thereafter  the  value  is  practically 
constant.    So  far,  therefore,  from  expecting  exactly  the  same  form  of 
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expression  to -hold  good  on  both  sides  of  x  =  1,  it  would  be  rather  sur- 
prising if  this  were  found  to  be  the  case.1  In  a  practical  way,  the  com- 
parison of  unknown  stronger  solutions  with  a  fairly  tall  column  of  a  weaker 
standard  might  give  some  interesting  results. 

Summary. 

A  new  method  of  micro-analysis  is  described,  of  the  same  order  of  sensi- 
tiveness as  colorimetry  and  nephelometry,  which  should  prove  generally 
applicable  to  the  determination  of  minute  quantities  of  the  considerable 
number  of  substances  which  are  either  fluorescent  themselves  or  may  be 
rendered  so  by  the  addition  of  a  suitable  reagent. 

Ultra-violet  rays  from  a  quartz-enclosed  mercury  arc,  filtered  from  most 
of  the  visible  radiation,  are  used  to  excite  fluorescence  in  solutions  of  such 
substances  contained  in  the  comparison  cylinders  of  the  Kober  nephelom- 
eter.  The  intensity  of  the  fluorescent  light  thus  produced,  as  observed  in 
the  eye  piece  of  the  instrument,  is  equalized  in  the  usual  manner  by  alter- 
ing the  heights  of  the  exposed  columns. 

For  sufficiently  dilute  solutions  the  curves  obtained  by  plotting  the 
scale  readings  against  concentrations  are  quite  regular.  These  calibra- 
tion curves  are  drawn  for  solutions  containing  0.5  to  2  mg.  per  liter  of 
quinine  sulfate  in  N  sulfuric  acid  and  for  solutions  of  2  to  4  mg.  per  liter 
of  aniline  iodeosine  in  o.  1  N  alkali. 

Such  a  curve  differs  from  that  of  inverse  proportionality  (the  colori- 
metric  curve)  much  more  than  from  one  drawn  according  to  the  nephelo- 
metric formula.  Some  peculiarities  of  the  latter  are  indicated  and  it  is 
shown  that  when  2  constants  are  used  (one  for  solutions  stronger  than 
the  standard  and  the  other  for  those  more  dilute)  the  values  correspond- 
ing to  the  fluoremetric  readings  may  be  taken  from  the  nephelometric 
curve  with  an  average  error  of  less  than  1%.  It  is  expected  that  this  can 
be  reduced  by  the  further  elimination  of  errors  in  measurement  or  a 
further  modification  of  the  formula,  or  by  both  together. 

Various  phases  of  the  work,  including  certain  applications,  are  receiving 
attention. 

IfSMPHIS,  TSMM. 

1  This  is  in  no  wise  intended  as  a  criticism  of  Kober's  formula  which  is  remarkably 
accurate  for  the  particular  purpose  and  region  of  concentrations  for  which  it  was  de- 
signed and  used.  On  the  contrary,  the  present  suggestions  are  only  intended  to  indicate 
a  possible  widened  usefulness. 
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GLASS  TO  METAL  JOINTS. 

By    E.  C.  McKblvy  and  C.  S.  Taylor.1 

Received  April  22,  1920. 
Contents. — 1.  Introduction.    2.  Earlier  Work.    3.  Construction  of  the  Joints: 
(a)  soldered  joints;  (6)  fused  joints.     4.  Auxiliary  Metal  Parts.     5.  Tests  of  Joints. 
6.  Applications.     7.  Summary. 

i.  Introduction. 

In  the  handling  of  volatile  liquids  and  liquefied  gases  and  in  the  manipula- 
tion of  gases  in  general  in  the  laboratory,  it  has  been  found  very  useful 
to  have  a  method  for  connecting  glass  and  metal  tubing  by  means  of  a 
joint  which  combines  the  qualities  of  mechanical  strength,  resistance  to 
internal  pressure,  tightness  and  stability  over  a  considerable  range  of  tem- 
perature and  which  also  is  suitable  for  use  with  a  variety  of  gases.  Several 
methods  possessing  the  above  qualities  in  various  degrees  have  been  in 
use  in  the  laboratories  of  the  Bureau  for  a  number  of  years.  The  princi- 
ples involved  in  these  methods  are  not  new,  but  in  view  of  the  possible 
wide  applicability  of  joints  of  this  type  in  laboratory  work  and  their  very 
limited  use  up  to  this  date,  it  is  desirable  to  bring  together  in  one  place 
the  necessary  information  for  making  full  use  of  them.  In  conjunction 
with  proper  auxiliary  devices  such  as  metal  unions  and  valves,  either  of 
the  needle  or  diaphragm  type,  a  method  is  provided  for  joining  metal  to 
glass  or  glass  to  glass  in  such  a  way  that  in  connecting  and  disconnecting, 
if  proper  care  is  used  the  weight  of  each  part  remains  unaltered. 

The  purpose  of  this  paper  is,  first,  to  give  a  detailed  account  of  the  best 
methods  for  the  construction  of  these  joints  so  that  they  can  be  repro- 
duced by  others;  second,  to  give  the  results  of  certain  tests  upon  them; 
and  finally,  to  outline  some  of  the  applications  of  the  joints  in  laboratory 
work. 

2.  Earlier  Work. 

The  2  types  of  joints  considered  in  this  work  which  possess  the  quali- 
ties mentioned  above  are  the  platinized  glass-tin-metal  joint,  and  the  di- 
rect glass  to  metal  joint. 

Rontgen2  soldered  into  a  sheet  of  metal,  a  piece  of  glass,  several  sq.  cm. 
in  area  which  had  been  platinized  by  Dode's  method.  The  plate  was  then 
dipped  into  boiling  water  without  injury  to  it.  Solder  was  observed  to 
cling  very  tenaciously  to  the  platinized  surface,  but  by  too  long  contact 
with  the  melted  solder  the  platinum  was  dissolved  from  the  surface  of  the 
glass.    These  observations  have  been  corroborated  by  us. 

Kundt  is  referred  to  by  Kohlrausch8  as  the  discoverer  of  the  process  of 
1  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
1  Rontgen,  Pogg.  Ann.,  150,  331-3  (1873);  Dingl.  Poly.  /.,  an,  136  (1873). 
•  Kohlrausch,  "Lehrbuch  d.  prakt.  Physik,"  12U  Auflage,  1914,  p.  37. 
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soldering  metal  to  platinized  glass,  which  had  been  covered  electrolytically 
with  copper.  The  original  publication  on  which  this  reference  is  based 
has  not  been  found.  As  one  of  the  foremost  experimentalists  of  his  time, 
Kundt  may  very  well  have  discovered  this  process  though  no  trace  of  it  is 
found  in  his  publications  available  to  us.  The  procedure  used  in  platin- 
izing glass  is  the  subject  of  many  publications  in  the  period  from  1859  to 
1870.  The  older  work  has  to  do  with  platinizing  by  means  of  a  colloidal 
solution  of  platinum  in  lavender  oil,  while  later  publications  are  confined 
largely  to  platinizing  by  means  of  the  cathode  discharge,  which  is  pre- 
ferable for  mirrors. 

Cailletet1  described  a  joint  between  glass  and  metal  tubing  made  by 
covering  platinized  glass  with  a  coating  of  copper  electrolytically  and 
soldering  it  into  the  metal  tube  as  if  it  were  metal.  Adequate  directions 
are  given  for  making  this  joint,  and  he  reported  that  on  his  apparatus 
for  the  liquefaction  of  gases  a  joint  of  this  character,  the  size  not  being 
given,  held  300  atmospheres  internal  pressure.  Very  little  use  of  this 
valuable  joint  has  been  made  since  that  time,  particularly  for  high  pressure 
work  with  gases.  The  Cailletet  joint  has  been  used  at  this  Bureau  for 
many  years,  especially  for  joining  metal  thermostat  parts  to  the  glass 
U-tube  in  which  the  mercury  is  actuated,  and  for  sealing  metal  resistance 
thermometer  bulbs  to  glass. 

Very  recently  Koenig2  has  used  a  joint  somewhat  similar  to  the  Cailletet 
joint,  to  join  a  glass  manometer  to  a  steel  osmotic  pressure  cell.  The 
glass  tube  was  roughened  by  rubbing  with  glycerol  and  emery  dust.  It 
was  then  platinized  by  painting  on  a  mixture  of  about  two  parts  of  ether 
to  one  of  alcohol  containing  3%  of  platinic  chloride  and  2%  of  stearic 
acid.  After  drying,  the  coated  glass  was  heated  gently  in  a  Bunsen 
flame  until  a  platinum  coating  was  obtained.  The  platinum  was  first 
plated  electrolytically  with  gold  and  then  with  nickel.  A  strip  of  zinc 
foil  was  wound  around  the  nickel  and  soldered  into  place.  This  tube 
was  then  soldered  to  the  steel  cell. 

The  glass-platinum  joint  in  the  form  in  which  a  platinum  wire  is  sealed 
into  glass  is  one  of  the  most  familiar  of  laboratory  devices.  Joints  in 
which  a  glass  tube  is  fused  to  a  platinum  tube  have  been  in  use  for  a  num- 
ber of  years  in  resistance  thermometers  of  the  calorimetric  type.*  Travers4 
attributes  this  type  of  joint  to  Callendar,  and  describes  its  construction. 
Karrei*  has  also  recently  described  this  type  of  joint. 
A  direct  glass-to-metal  joint  was  devised  by  C.  A.  Kraus.6    Its  prepara- 

1  Cailletet,  Stances  Soc.  franc,  phys.,  1890,  p.  242-3;  Seance,  Dec.  19,  1890. 

1  Koenig,  /.  Phys.  Chem.,  22,  461  (1918). 

1  Dickinson  and  Mueller,  Bur.  Standards  Bull .  9, 486  (1913) ;  (Set.  Paper  200) . 

•Travers,  "Experimental  Study  of  Gases,"  p.  22.    Macmillan  and  Co.,  1901. 

*Karrer,  This  Journal,  40,  928  (1918). 

•U.  S.  pat  1,046,084,  Dec.  3,  1912. 
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tion  and  application  to  the  construction  of  many  ingenious  pieces  of  ap- 
paratus have  been  frequently  described  by  him  in  his  lectures  throughout 
the  country.  Primarily  designed  for  introducing  large  electrodes  into  glass 
vacuum  tubes,  its  usefulness  in  the  laboratory  was  readily  apparent. 
The  procedure  as  worked  out  has  been  applied  only  to  joints  between  soft 
glass  and  iron  or  steel.  A  flux  glass  of  low  melting  point  is  applied  to  the 
metal  surface,  to  dissolve  the  metallic  oxide  and  the  metal  to  some  extent, 
and  thus  give  very  intimate  contact  with  the  glass.  The  flux  is  applied 
to  the  inner  side  of  the  metal  tube  and  the  seal  is  then  made  to  the  flux 
glass. 

For  some  years  E.  O.  Sperling,  glassblower  at  this  Bureau,  has  success- 
fully made  soft  glass  to  steel  joints  without  the  use  of  a  flux  glass.  In 
this  case  it  is  necessary  to  heat  the  steel  much  hotter.  The  soft  glass  acts 
as  its  own  flux,  though  it  dissolves  the  iron  oxide  to  a  much  smaller  extent 
than  is  the  case  in  the  Kraus  joint. 

3.  Construction  of  the  Joints. 

A.  Soldered  Joints. — The  following  procedure  in  making  these  joints 
has  been  used  with  gratifying  results.  Although,  as  will  be  shown  later, 
it  is  possible  that  certain  steps  may  be  omitted  without  interfering  ser- 
iously with  the  strength  of  the  joint,  the  procedure  as  given  has  been  found 
to  give  certain  and  reliable  results.  It  has  been  applied  only  to  the  join- 
ing of  glass  and  metal  tubing.  The  glass  tube  is  so  chosen  as  to  fit  snugly 
for  from  15  to  20  mm.  of  its  length  into  the  metal  tube.  It  is  convenient 
to  have  the  end  of  the  glass  tube  fit  against  a  shoulder  in  the  metal  tube 
as  shown  in  Fig.  ia.  The  inside  of  the  metal  tube  is  tinned  up  to  the 
shoulder  with  commercially  pure  tin,  leaving  a  slight  excess  of  tin  on  the 
surface,  particularly  if  the  tubes  do  not  fit  very  closely.  In  place  of  tin, 
common  solder  or  pure  lead  has  been  used  successfully.  The  glass  tube 
after  roughening  slightly  with  sand  or  emery  paper  is  platinized  over  a 
length  of  20  mm.  or  more  by  applying  a  colloidal  solution  of  platinum1  in 

1  Several  methods  for  preparing  this  solution,  which  has  been  extensively  used  for 
the  preparation  of  platinum  mirrors,  have  been  proposed.  Practically  every  method  is 
some  variation  of  the  original  solutions  patented  in  England  by  Basserot  in  1859 
("Repertory  of  Patent-Inventions,  June,"  1859,  p.  485;  Dingl.  Poly.  /.,  153,  42)  and 
in  France  by  Dode  in  1865  (described  by  Salvetat.  Bull.  Soc.  Encouragement,  Sept., 
1865,  p.  526;  Dingl.  Poly.  J.,  177,  79).  Solutions  prepared  as  follows  have  been  found 
very  satisfactory.  1.  Ten  per  cent,  platinic  chloride  solution,  equivalent  to  one  g. 
of  platinic  chloride,  is  evaporated  to  dryness  in  a  porcelain  evaporating  dish,  and  dis- 
solved in  a  minimum  quantity  of  absolute  alcohol.  This  solution  is  added  very  slowly 
with  stirring  to  6  cc.  of  lavender  oil  in  a  container  cooled  in  ice.  Burgundy  pitch  is 
added  to  the  warmed  solution  until  the  latter  has  the  desired  consistency.  2.  One  part 
of  pure  neutral  platinic  chloride  prepared  by  evaporating  the  10%  solution  to  dryness 
is  moistened  with  a  few  drops  of  absolute  alcohol  and  ground  finely  in  an  iced  mortar 
with  10  parts  of  lavender  oil,  adding  the  latter  gradually  in  small  quantities.  3.  (As- 
cribed to  Kundt  by  Kohlrausch,  "Lehrbuch  der  prakt.  Physik,"  12U  Auflage,  191 4, 
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lavender  oil  mixed  with  Burgundy  pitch.  One  or  two  drops  of  this  mix- 
ture are  applied  to  the  slightly  wanned  surface  and  flowed  into  a  film, 
which  is  then  heated  carefully  to  drive  off  the  volatile  material,  and  finally 
heated  to  an  incipient  red  heat  to  burn  off  the  carbonaceous  material 
and  fuse  the  platinum  into  the  glass. 

One  application  of  any  of  the  platinum  solutions  made  up  as  described, 
is  generally  sufficient.  If  the  coating  seems  too  thin,  the  operation  may 
be  repeated.  Using  a  slightly  acid  solution  of  zinc  chloride  as  soldering 
flux,  the  two  parts  are  heated  gradually  over  a  Bunsen  flame  until  the  tin 
is  well  melted.  The  glass  part  is  inserted  into  the  metal  tube  and  the 
whole  is  allowed  to  cool  slowly  and  uniformly.  The  platinum  surface 
should  not  be  tinned  before  making  the  joint  as  the  platinum  is  likely  to 
be  removed  in  this  operation.  Much  less  care  is  required  in  platinizing 
and  in  making  the  joint  if  Pyrex  glass  tubing  is  used. 

Joints  have  been  made  by  this  method  with  glass  tubing  up  to  40  mm. 
external  diameter,  but  the  smaller  sizes  are  much  more  easily  made. 
Wall  thicknesses  of  metal  tubing  from  0.5  to  2  mm.  have  been  success- 
fully used,  but  the  lesser  thicknesses  give  more  certain  results.  Iron, 
steel,  copper,  brass  and  nickel  have  been  successfully  used,  the  only  re- 
quirement being  that  the  metal  part  must  be  wetted  by  tin. 

B.  Fused  Joints. — Glass-platinum  joints  have  been  made  with 
platinum  tubing  of  either  0.1  or  0.15  mm.  wall  thickness.  The  glass 
should  preferably  have  the  same  coefficient  of  expansion  as  the  platinum. 
The  best  joints  so  far  made  were  of  Jena  397111  glass,1  although  one  fairly 
good  joint  was  made  with  Pyrex.  The  platinum  forms  the  inner  member 
of  the  joint  and  the  length  of  the  seal  is  usually  from  5  to  10  mm.  The 
construction  of  the  joint  requires  skill  in  glass  blowing  but  no  special 
manipulation.  There  are  numerous  references  in  the  literature  to  joints 
of  this  kind. 

The  flux  for  the  Kraus  joint  is  made  by  melting  in  a  crucible  equal 
parts  by  weight  of  zinc  oxide,  borax  and  powdered  soda  glass.  The  flux 
may  be  drawn  or  cast  into  rods  for  convenience  in  use.  Its  composition 
and  use  are  covered  by  patent. 

A  method  of  making  such  joints  which  is  particularly  applicable  to 
large  tubes  is  described  in  U.  S.  Patent  No.  1,046,084  by  C.  A.  Kraus. 
Joints  of  the  smaller  sizes  are  comparatively  much  easier  to  make  and 

p.  37).  One  g.  of  platinic  chloride  is  dissolved  in  3.5  cc.  of  absolute  alcohol.  Ten  cc. 
of  a  concentrated  alcoholic  solution  of  boric  acid  is  added  and  the  whole  is  treated  with 
25  cc  of  a  mixture  of  lavender  oil  and  Venetian  turpentine  in  proportions  to  give  the 
desired  consistency.  For  giving  a  coating  suitable  for  joints  of  the  character  described 
in  this  paper,  the  consistency  of  the  platinizing  solution  is  of  little  importance.  Plat- 
inizing solutions  which  have  been  kept  for  several  years  gradually  thicken  when  exposed 
to  the  air  but  deposit  no  platinum,  and  can  still  be  used  with  satisfactory  results. 
1  The  Corning  Glass  Works  also  make  a  special  glass  for  sealing  to  platinum. 
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considerable  variations  in  construction  are  permissible.  The  metal 
shell  has  been  made  in  a  number  of  different  shapes,  some  of  which  are 
shown  in  Fig.  i.  Kraus  uses  a  spun  shell  of  steel  (Fig.  id).  The  spun 
shell  is  lined  with  a  thin  layer  of  flux  and  then  with  soda  glass  by  blowing 
the  glass  into  the  shell.  The  glass  tube  to  be  sealed  in  is  flared  out  to  a 
flat  ring  of  a  width  equal  to  from  one  to  three  times  the  thickness  of  the 
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wall  of  the  tube.  The  plane  of  this  ring  is  normal  to  the  axis  of  the  tube. 
The  tube  and  shell  are  heated  and  the  tube  introduced  into  the  shell  so 
that  the  edge  of  the  ring  presses  against  the  shoulder  in  the  shell.  Fusion 
is  completed  by  heating  the  outside  of  the  shell,  in  such  a  way  as  to  keep 
the  glass  tube  cool  enough  to  avoid  deformation. 
The  construction  described  has  been  simplified  in  various  ways.    The 


Digitized  by 


Google 


GI^SS  TO  MBTAI,  JOINTS.  I369 

necessity  of  using  a  shouldered  shell  may  be  avoided  by  the  use  of  a  conical 
sheO  (Fig.  te).  Cylindrical  shells  flared  at  the  end  have  also  been  used. 
In  these  the  lining  of  soda  glass  may  be  omitted,  its  function  being  per- 
formed by  the  outer  part  of  the  flared  ring  on  the  glass  tube  which  is  de- 
formed on  insertion,  as  shown  in  Fig.  if.  A  simple  cylindrical  shell 
with  the  glass  pressed  against  the  bottom  of  the  shell  as  shown  in  Fig. 
if  has  also  been  successfully  used.  In  all  cases,  the  flared  ring  should 
meet  the  outer  member  at  nearly  a  right  angle.  It  is  not  essential  that  the 
metal  shell  be  thin. 

Attempts  at  this  Bureau  to  make  joints  between  metal  and  Pyrex  glass 
or  porcelain  have  so  far  been  unsuccessful. 

4.  Auxiliary  Metal  Parts. 

The  metal  caps  used  in  making  the  joints  are  made  of  such  form  that 
connection  to  other  apparatus  can  be  conveniently  made.  The  simplest 
form  of  cap  is  one  into  which  a  metal  tube  is  brazed  or  soldered.  More 
generally  useful  forms  are  those  which  have  a  threaded  connection  which 
forms  one  member  of  a  union.  Several  of  the  types  of  caps  which  have 
been  used  are  shown  in  Fig.  1.  In  quantitative  work  with  compressed 
and  liquefied  gases  the  ordinary  stopcocks  are  not  applicable,  and  valves 
must  be  used  instead.  The  2  types,  a  needle  and  a  diaphragm  valve, 
which  have  been  most  used,  are  shown  in  Fig.  2.  An  important  feature  of 
these  valves  is  their  small  size  and  light  weight.  The  needle  valves  are 
preferred  except  where  the  presence  of  the  packing  may  prove  objec- 
tionable; since,  on  account  of  the  manner  of  seating,  the  diaphragm  is 
not  as  easily  closed  and  the  closure  is  likely  to  be  affected  by  small  irregu- 
larities on  the  seating  surfaces. 

The  valves  are  screwed  into  the  metal  caps,  with  a  tin  washer  to  make 
the  joint  tight.  Metal  to  metal  joints,  which,  if  the  proper  care  is  used, 
may  be  made  and  broken  without  changing  the  weight  of  either  part,  are 
satisfactorily  made  by  the  union  shown  in  Fig.  2a,  which  has  a  tin  washer 
between  the  2  metal  surfaces.  A  fiber  washer  may  be  substituted  for  the 
tin  in  cases  where  contamination  of  the  material  will  not  result. 

5.  Tests  of  Joints. 

Joints  of  this  type  have  been  used  for  several  years  for  a  variety  of  pur- 
poses which  required  them  to  be  vacuum  tight  and  to  hold  pressures  up 
to  50  or  60  atmospheres.  In  addition,  a  few  tests  in  which  they  were  sub- 
mitted to  extreme  conditions  have  been  carried  out.  The  pressure  was 
attuned  by  means  of  a  hydraulic  gage  tester  and  the  pressures  could  be 
read  to  about  5  atmospheres  and  held  stationary  for  a  short  time.  The 
limit  of  the  apparatus  was  400  atmospheres,  a  pressure  well  above  the 
safety  point  for  glass  tubing  in  general. 

Soldered  Joint. — The  internal  pressure  at  which  a  joint  of  this  type 
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disrupts  will  depend  upon  the  form  and  material  of  the  metal  cap,  the 
manner  of  soldering,  and  the  thickness  and  uniformity  of  wall  of  the  glass 
tubing.  Most  of  the  tests  were  carried  out  on  joints  of  the  dimensions 
found  most  useful  in  our  laboratory  work,  that  is  a  steel  or  brass  cap 
(Figs,  ib  and  c)  with  wall  thickness  of  0.5  mm.  and  glass  tubing  of  8.5  mm. 
external  diameter  and  from  6  to  7  mm.  internal  diameter.  In  addition 
tests  were  carried  out  to  obtain  some  information  on  the  effect  of  each 
of  the  main  factors  involved.  A  considerable  number  of  joints  of  this 
size,  made  as  described  in  the  section  on  construction  of  joints,  which  were 
first  tested  and  found  vacuum  tight,  were  disrupted  at  pressures  ranging 
from  100  to  220  atmospheres,  the  glass  tubing  shattering  in  every  case. 
When  a  brass  cap  and  capillary  glass  tubing  of  1  mm.  bore  were  used, 
the  tubing  was  forced  out  at  250  atmospheres.  When  a  steel  cap  was 
used,  joints  with  such  capillary  tubing  still  held  at  400  atmospheres.  Two 
joints  made  with  glass  tubing  11  mm.  outside  diameter  and  about  1  mm. 
thick  (but  rather  non-uniform)  and  with  brass  caps,  held  to  140  and  160 
atmospheres,  respectively.  One  joint  with  a  steel  cap  2  mm.  thick,  was 
much  more  difficult  to  make  tight,  but  held  to  320  atmospheres,  when  the 
glass  shattered.  Joints  made  with  tubes  up  to  40  mm.  in  diameter  have 
been  found  to  be  vacuum  tight.  Joints  made  with  steel  or  brass  caps 
were  repeatedly  immersed  in  oil  at  200  °,  and  cooled  in  air  after  each  im- 
mersion without  any  noticeable  effect  upon  their  ability  to  hold  a  vacuum 
or  internal  pressure.  When  4  joints  thus  treated  were  subsequently 
tested,  the  glass  tubing  shattered  at  from  130  to  200  atmospheres.  Joints 
exposed  to  liquid  air  temperatures  were  vacuum  tight  at  that  tempera- 
ture and  remained  so  on  warming  up  to  room  temperature. 

No  specific  tests  were  made  to  determine  the  resistance  of  the  joints 
to  mechanical  shock.  However,  experience  in  the  use  of  this  joint  has 
shown  no  case  of  breaking  except  where  the  glass  tubing  itself  might  well 
be  expected  to  break. 

Certain  modifications  in  making  this  type  of  joint  were  tested.  In 
order  to  obtain  good  results  it  does  not  seem  necessary  to  roughen  the 
glass  before  platinizing.  Joints  can  also  be  made  without  platinizing 
the  glass.  Six  joints  were  made  in  this  way,  using  brass  caps  in  all  cases 
and  capillary  glass  tubing.  In  3  cases  where  the  glass  was  roughened, 
the  tubes  blew  out  at  80,  100  and  150  atmospheres;  in  3  cases  where  the 
glass  was  not  roughened,  the  tubes  blew  out  at  160,  170  and  230  atmos- 
pheres. It  seems  probable  that  roughening  the  glass  without  subse- 
quent platinizing  merely  interrupts  the  continuity  of  contact  between  the 
tin  and  glass,  thus  decreasing  the  strength.  The  tin  appears  to  wet  the 
glass  and  the  strength  of  the  unplatinized  joint  is  probably  due  to  that 
phenomenon  rather  than  to  the  soft  metal  acting  as  a  washer  between  the 
brass  or  steel  and  the  glass.    Inspection  of  the  platinized  joints  after  sepa- 
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ration  of  the  glass  and  metal  shows  that  the  tin  flows  on  and  clings  to  the 
platinized  glass  as  if  the  latter  were  entirely  of  metal.  More  reliable 
and  apparently  stronger  joints  are,  however,  more  easily  obtained  with 
the  platinized  glass,  since  in  only  one  case  with  such  glass  was  it  possi- 
ble to  blow  out  the  tube  before  the  glass  shattered.  Soft  solder  (V*  lead 
and  y*  tin)  may  be  substituted  for  tin,  but  the  joint  will  be  more  diffi- 
cult to  make  and  the  result  will  be  less  certain. 

Four  joints  were  made  using  pure  lead  as  the  solder  between  the  thin- 
waDed  platinized  glass  and  the  steel  cap.  When  tested  the  glass  tubing 
shattered  at  from  175  to  275  atmospheres.  A  similar  joint  using  capil- 
lary glass  tubing  held  up  to  400  atmospheres  when  the  glass  tubing  shat- 
tered. A  lead  joint  will  remain  vacuum  tight  up  to  250 °.  Six  joints  were 
made  according  to  Cailletet's  directions;  that  is,  platinizing  the  glass, 
copper  plating  the  platinum,  and  then  soldering  the  copper  plated  glass 
to  the  metal  with  tin.  When  tested  they  failed  between  200  and  300  at- 
mospheres pressure,  the  glass  tubing  being  disrupted  in  every  case.  The 
joints  were  made  by  nickel-plating  the  platinized  glass  and  then  soldering 
the  nickel-plated  glass  to  the  metal,  using  tin  as  solder.  These  joints 
held  to  almost  300  atmospheres  when  the  glass  finally  disrupted. 

Fused  Joints. — Failure  in  the  construction  of  joints  of  the  Kraus 
type  is  at  once  evidenced  by  cracks  or  by  the  glass  tube  shattering  at  com- 
paratively low  pressures.  To  aUow  for  the  proper  disposition  of  the  seal 
in  joints  of  this  type  in  a  steel  tube  9  mm.  internal  diameter,  the  external 
diameter  of  the  glass  tube  must  be  not  more  than  7  mm.,  thus  making  the 
internal  diameter  of  the  tube  considerably  smaller  than  in  the  case  of  the 
soldered  joint.  Joints  of  this  character  hold  from  70  up  to,  in  a  few  cases, 
360  atmospheres.  It  appears,  however,  that  the  tube  fails  first  at  the 
joint.  In  one  case  a  crack  was  heard  at  20  atmospheres,  but  the  joint 
held  to  60  atmospheres.  The  experience  at  this  Bureau  with  this  type 
of  joint  indicates  that  it  is  somewhat  more  difficult  to  make,  and  is  con- 
siderably more  fragile  than  the  soldered  joint.  It  has  rendered  best  ser- 
vice where  it  can  be  clamped  into  position,  or  where  it  is  to  be  used  with 
mercury,  since  mercury  attacks  the  solder  in  a  soldered  joint.  Joints 
made  without  flux  glass  have  been  successfully  used  in  such  cases,  and 
have  held  pressures  of  many  atmospheres.  Joints  of  this  type  are  put  to- 
gether at  a  temperature  very  much  higher  than  that  at  which  they  are 
to  be  used.  In  spite  of  the  great  strains  undoubtedly  existing  in  the  glass 
tubes  near  the  joint,  they  have  given  surprisingly  good  results  both  in 
handling  and  in  their  resistance  to  internal  pressure. 

No  test  of  the  glass-platinum  joints  under  pressure  were  made.  Joints 
erf  this  type  were  not  injured  by  repeated  immersion  in  the  vapor  of  boil- 
ing sulfur  (445  °)  or  in  liquid  air  ( — 190  °). 


Digitized  by 


Google 


1372 


E.   C.  MCKELVY  AND  C.  S.  TAYI<OR. 


6.  Applications. 
A. — The  soldered  joint  was  devised  for  and  has  been  used  mostly  in 
connecting  glass  bulb  containers  to  metal  valves,  thus  permitting  the  in- 
troduction, observation,  withdrawal  and  accurate  weighing  of  compara- 
tively large  quantities  of  liquefied  gases  under  pressure.  It  has  been 
very  useful  in  conducting  the  analysis  and  testing  of  liquid  anhydrous 
ammonia1  in  which  bulbs  up  to  125  cc.  capacity  have  been  employed.  A 
metal  to  glass  joint  made  with  hard  de  Khotinsky  cement  will  hold  liquid 
ammonia  for  at  most  only  a  few  hours.  Keyes*  has  employed  a  shellac 
and  oil  of  tar  composition  for  this  purpose,  but  says  nothing  as  to  the 
length  of  time  it  resists  the  action  of  ammonia.  Round-bottom  flasks  of 
500  cc.  capacity  with  necks  drawn  down  to  9  mm.  outside  diameter  have 
served  in  the  handling  of  ethyl  chloride  (Fig.  3a).  Small  bulbs  up  to  10 
cc.  have  been  used  in  handling  liquid  carbon  dioxide  (Fig.  36). 
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B. — Inasmuch  as  it  was  found  that  the  containers  mentioned  above 
could  be  weighed  reproducibly  to  o.  1  mg.  and  with  proper  care  in  handling 
1  E.  C.  McKelvy  and  C.  S.  Taylor,  Am.  Soc.  Refrig.  Eng.t  3,  36  (1917). 
*  Keyes,  This  Journal,  40,  28  (191 8). 
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and  the  proper  type  of  valve,  remained  constant  in  weight  for  long  periods, 
similar  apparatus  was  constructed  with  a  graduated  capillary  to  serve  as 
a  picnometer  in  determining  the  density  of  liquefied  gases  and  volatile 
liquids  (Fig.  $c).  With  due  precautions  and  the  necessary  corrections, 
picnometers  of  this  kind  have  given  results  on  the  density  of  liquid  ethyl 
chloride  at  25  °,  which  are  reproducible  with  precision  and  are  in  excellent 
agreement  with  determinations  carried  out  in  sealed  glass  dilatometers. 
A  few  determinations  of  the  density  of  liquid  ammonia  and  of  liquid 
methyl  chloride  have  also  been  made  with  this  container. 

C. — This  type  of  container  has  been  applied  to  the  determination  of 
the  density  of  ammonia  under  normal  conditions  of  temperature  and 
pressure  by  using  it  as  a  small  easily  weighed  container  into  which  the  gas 
can  be  condensed  from  the  calibrated  bulb  of  large  volume  in  which  the 
temperature  and  pressure  of  the  gas  are  measured.  A  somewhat  similar 
method  was  first  used  by  Prof.  E.  W.  Morley1  in  determining  the  density 
of  hydrogen,  and  by  Maass  and  Russell.2  It  was  found  that  the  tube 
containing  the  liquefied  gas  under  its  own  vapor  pressure,  and  the  empty 
container,  could  be  weighed  with  great  reproducibility  when  the  neces- 
sary care  and  precautions  in  making  and  breaking  joints  were  observed. 
The  advantages  of  such  a  method  are  readily  apparent. 

D. — The  Kraus  joint  could  doubtless  be  used  for  the  above  mentioned 
applications,  but  it  has  been  mainly  applied  to  uses  not  involving  the 
weighing  of  the  part. 

Both  types  of  joints  have  been  applied  to  the  following  uses.  First, 
to  connect  apparatus  such  as  steel  cylinder  used  for  fractional  distilla- 
tions at  high  pressures,  to  glass  apparatus  in  which  distillations  at 
pressures  below  atmospheric  are  conducted.  In  this  way  contamination 
in  transfer  may  be  avoided.  Second,  in  making  up  by  a  direct  weighing 
procedure  binary  mixtures  of  known  concentration  of  liquefied  gases  or 
volatile  liquids. 

The  Kraus  joint  has  been  successfully  applied  in  the  construction  of  a 
multiple  U-tube  mercury  pressure  gage3  for  the  reading  of  pressure  differ- 
ences up  to  15  atmospheres,  where  it  was  necessary  for  mercury  to  pass 
through  the  joint.  Such  joints  are  regularly  tested  to  140  atmospheres 
pressure.  Similar  joints  of  a  variety  of  sizes  have  been  used  with  suc- 
cess in  the  construction  of  apparatus  for  use  in  the  calorimetry  of  gases 
where  the  joints  are  required  to  be  vacuum  tight  and  resistant  to  internal 
pressure  over  a  considerable  range  of  temperature. 

The  joints  made  without  flux  glass  have  been  applied  successfully  to 
apparatus  for  measuring  by  the  static  method  vapor  pressures  up  to  30 
1  Morley,  Smithsonian  Inst.  Pub.  Contributions  to  Knowledge,  g8o,  64-72  (1895). 
'Maass  and  Russell,  This  Journal,  40,  1847-52  (1918). 
1  Dickinson  and  Meyers,  Bur,  Standards  Bull,  (to  be  published  shortly). 
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atmospheres,  under  conditions  where  the  possible  passage  of  mercury 
must  be  provided  for.  These  joints  were  tested  to  50  atmospheres  be- 
fore use. 

Acknowledgments  are  due  to  H.  F.  Stimson  and  C.  H.  Meyers,  of  this 
Bureau,  for  assistance  and  suggestions. 

7.  Summary. 

1.  Methods  for  the  construction  of  2  types  of  metal  to  glass  joints 
have  been  given  together  with  the  results  of  tests  upon  their  behavior  on 
handling,  their  vacuum  tightness  and  their  resistance  to  internal  pressure. 

2.  A  reproducible  and  quantitative  method  for  making  and  breaking 
connections  between  metal  and  glass  or  glass  and  glass  is  given. 

3.  Several  types  of  apparatus  and  laboratory  work  in  which  these 
joints  can  be  successfully  used  have  been  outlined. 

Washington.  D.  C. 


(Contribution  prom  thb  Wolcott  Gibbs  Memorial  Laboratory  of  Harvard 

University.] 

A  CALORIMETRIC  METHOD  FOR  STANDARDIZING  THERMO- 
METERS BY  ELECTRICAL  ENERGY. 

By  Theodore  W.  Richards  and  Sstsuro  Tamaru. 

ReceWed  April  23,  1920. 

In  19 15  Dr.  Thorbergur  Thorvaldson,  in  collaboration  with  one  of  the 
present  authors,  showed  that  it  was  possible  to  calibrate  an  interval  in 
the  thermometric  scale  near  the  temperature  of  the  room  with  considera- 
ble accuracy  by  means  of  a  definite  chemical  reaction  repeated  step  by 
step  at  intervals  over  the  scale.1  This  method  (which  demands  only 
very  simple  apparatus)  might  serve,  when  properly  carried  out,  a  useful 
purpose  for  those  whose  experimental  appliances  are  limited.  Neverthe- 
less, the  change  in  heat  capacity,  and  of  heat  of  reaction  with  the  tempera- 
ture, cause  complications  in  the  calculation;  and  these  data  demand  more 
thorough  study  as  to  their  details  before  the  method  can  attain  the  high- 
est accuracy  of  which  it  is  capable. 

Another  somewhat  similar  method  is  the  subject  of  the  present  paper. 
In  this  method,  the  source  of  energy  is  not  a  chemical  reaction,  but  rather 
electrical  energy  supplied  at  known  voltage  through  a  definite  constant 
resistance.  The  method  consists  simply  in  thus  supplying  heat  in  suc- 
cessive small  equal  quantities  to  a  calorimeter,  noting  the  reading  of  the 
thermometers  produced  by  each  step.  From  the  known  heat  capacity 
of  the  system,  the  rise  of  temperature  which  ought  to  occur  is  easily  cal- 
culated. The  comparison  of  the  actual  rise  in  each  case  with  that  calcu- 
lated should  give  the  error  of  the  thermometer  over  each  interval  con- 
cerned. The  accuracy  clearly  depends  first,  upon  the  accuracy  of  meas- 
1  Richards  and  Thorvaldson,  This  Journal,  37,  81  (1915). 
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urement  of  the  time  and  the  several  electrical  dimensions;  secondly, 
upon  the  precision  of  the  calorimetry;  and  lastly,  upon  the  accuracy  with 
which  the  specific  heat  of  the  system  (consisting  largely  of  water)  is 
known. 

The  mode  of  experimentation  is,  of  course,  such  as  might  be  suited  to 
the  determination  of  heat  capacity,  if  the  temperature  intervals  were 
known.  Instead,  the  heat  capacity  of  water  is  assumed  to  be  known  and 
the  temperature  scale  thus  determined.  The  well-known  work  of  Barnes1 
has  placed  our  knowledge  of  the  specific  heat  of  water  at  ordinary  room 
temperatures  in  a  position  adequate  for  the  present  purpose. 

Apparatus. — The  calorimeter  was  adiabatic,  being  contained  in  a 
closed  vessel  submerged  in  a  bath  capable  of  being  heated  electrically 
at  the  same  rate  as  the  inner  calorimeter  itself.  The  heating  coil  for  the 
inner  vessel  was  made  of  seasoned  manganin  coated  with  a  firm  insulating 
film  of  Bakelite;  its  2  stout  leads  were  suitably  insulated  by  glass  tube 
and  sealing  wax.  This  coil  was  immersed  deeply  in  0.9  liter  of  water 
in  the  calorimeter  proper.  The  calorimeter  was  separated  by  an  air 
space  about  5  mm.  thick  from  the  walls  of  the  submerged  container. 
Such  an  air  space  was  found  to  be  sufficient,  a  wider  space  effected 
no  important  gain.  The  stirring  was  accomplished  by  means  of  the  up- 
and-down  motion  of  a  stirrer  composed  of  2  perforated  flat,  silver  rings 
which  were  thermally  insulated  from  the  operating  mechanism  by  means 
of  vulcanized  rubber,  so  that  there  was  no  heat  exchange  through  this 
agency.  The  mercury  thermometers  to  be  calibrated  were  immersed  in 
the  inner  calorimeter  vessel  to  a  definite  depth,  kept  constant  throughout 
the  experiments. 

The  surrounding  bath  was  provided  with  a  vigorous  stirrer  to  cause 
very  rapid  attainment  of  uniformity  in  the  temperature  of  the  bath. 
Suitable  rheostats  and  electrical  measuring  instruments  were  provided 
for  both  the  inner  and  the  outer  circuits.  The  accurate  measurement 
made  necessary  in  the  inner  heating  coil  was  made  by  means  of  a  potentio- 
meter so  arranged  that  the  potential  between  the  terminals  of  the  heating 
coil  should  be  kept  constant  within  0.02%  (at  a  value  definite  in  any 
given  series  and  usually  about  3  volts).  A  stop  watch  measured  the  equal 
intervals  of  time.  Neither  potentiometer  nor  heating  resistance  need  be 
carefully  calibrated  if  the  object  is  simply  to  subdivide  a  given  interval  of 
the  thermoelectric  scale  and  absolute  values  are  not  needed.  A  normal 
cadmium  cell  which  was  sufficiently  constant  served  as  the  standard  of 
electromotive  force.* 

1 H.  T.  Barnes,  Phil.  Trans.,  199A,  149  (1902). 

*  The  arrangement  was  not  unlike  that  used  by  P.  Daniels  and  one  of  us,  except 
that,  of  course,  the  calorimeter  and  heating  coil  were  much  larger  in  the  present  case 
'This  Journal,  41, 1746  (1919)). 
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The  successive  readings  indicated  on  a  Fuess  Beckmann  thermometer 
(set  so  that  2.0000  on  its  scale  =  16.000)  through  successive  additions 
of  a  given  amount  of  electrical  energy  in  one  of  the  series  of  trials  are 
given  by  the  following  figures:  2.0505,  2.5555,  3 .051,  3-5475.  4  044, 
4-5375.  5032,  55225  and  6.008. 

The  several  differences  between  the  successive  pairs  of  these  9  figures 
are:  0.5050,  0.4955,  0.4965.  0.4965,  0.4935,  0.4945,  0.4905,  and  0.4855. 

If  the  specific  heat  of  water  at  180  is  taken  as  1.0000,  those  at  16 ° 
and  200  may  be  taken  as  1.0005  and  9.9995,  respectively.  Evidently 
the  corrections  to  be  applied  to  the  various  differences  on  account  of  these 
small  changes  are  very  small, — beyond  the  accuracy  of  reading;  but  col- 
lectively they  are  worth  considering.  The  values  of  the  differences  thus 
corrected  become  as  follows:  0.5053,  0.4957,  0.4966,  0.4965,  0.4935, 
0.4944,  0.4903  and  0.4858.    The  sum  total  of  these  8  figures  is  3.9581. 

Careful  determinations  of  this  total  interval  by  a  standard  platinum  re- 
sistance thermometer  showed  that  it  was  really  3.961  °.  Hence  each  in- 
terval should  have  been  0.4951  °.  The  difference  between  this  number 
and  each  of  the  8  before  mentioned  gives  the  error  of  that  particular 
range.  Thus  the  error  of  the  thermometer  between  2.05  and  2.55  on 
its  scale  is  found  to  be  +0.0102 °,  between  2.55  and  3.05  +0.00060, 
and  so  on.  The  corrections  to  be  applied  of  course,  bear  the  opposite 
sign. 

The  average  of  6  trials  thus  made  with  this  thermometer  gave  the  re- 
sults for  its  corrections  indicated  in  the  diagram,  where  they  are  com- 
pared with  a  careful  standardization  of  the  same  thermometer  by  means 
of  an  accurate  platinum  resistance  thermometer  (standardized  at  the 
Bureau  of  Standards),  kindly  made  by  Mr.  O.  C.  Bridgeman. 


-0.0 

Z*  3°  4°  5'  6° 

Corrections  to  the  Beckmann  thermometer  are  plotted  in  the  direction  of  ordinates; 
scale  readings  of  the  thermometer  in  the  direction  of  abscissas.  The  black  line  indi- 
cates standardization  by  platinum  thermometer;  the  circles,  the  average  results  of  the 
method  under  consideration. 

The  6  trials  of  which  the  average  is  represented  above  were  the  last 
executed  of  a  number  in  which  the  earlier  trials  served  as  preparation  and 
training.    The  intervals  were  not  always  half  a  degree,  as  in  the  case 
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cited,  some  being  less  and  some  more.  Of  the  60  observations  included  in 
these  6  series  of  results,  only  2  deviated  from  the  smooth  curve  drawn 
among  them  by  more  than  0.001  °.  Thus  it  is  clear  that  with  adequate 
practice  and  care  this  method  may  serve  very  satisfactorily  to  calibrate  a 
thermometer. 

We  are  indebted  to  the  Carnegie  Institution  of  Washington  for  generous 
pecuniary  support  in  this  work,  which  was  incidental  to  a  careful  research 
having  as  its  main  object  the  determination  of  the  heat  of  solution  of 
cadmium  in  acids.  This  will  soon  be  reported  in  full.  The  experimental 
work  was  completed  in  1915. 

Summary. 

In  this  brief  paper,  it  is  shown  that  a  thermometer  may  be  accurately 
calibrated  by  successive  additions,  to  a  known  heat  capacity,  of  heat  from 
electrical  energy.  The  experimentation  is  essentially  like  that  suitable 
far  the  determination  of  heat  capacity  where  temperature  changes  are 
accurately  known. 

CAwmo*,  Mass. 


[Contribution  from  Chemical  Laboratory,  Edgbwood  Arsenal,  Edgbwood.] 

FREEZING-POINT  SOLUBILITY  CURVE  FOR  SULFUR  AND 
DICHLORO-ETHYL  SULFIDE.1 

By  J.  A.  Wilkinson,  Christ  Nkilson  and  H.  M.  Wyldb. 

ReceWed  April  2S,  1920. 

In  the  preparation  of  dichloro-ethyl  sulfide  or  mustard  gas  by  the  re- 
action between  ethylene  gas  and  sulfur  monochloride  according  to  the 
equation 

2CH4  +  S,C1,  =  (CH4CI),  S  +  S 
one  atom  of  sulfur  is  set  free  for  every  molecule  of  mustard  gas  formed, 
that  is,  about  20%  of  sulfur  by  weight.  When  first  prepared  this  sulfur 
stays  in  solution,  but  on  standing  it  may  precipitate  out  in  such  a  way 
as  to  form  a  hard  cake  in  the  settling  tanks  or  pipe  lines.  Later  methods 
of  manufacture  overcame  this  difficulty,  however. 

It  was  the  purpose  of  this  investigation  to  determine  the  solubility  of 
sulfur  in  liquid  mustard  gas  and  also  the  nature  of  the  solid  phase  which 
separates  out  at  different  temperatures. 

Preparation  of  Materials. 

The  first  experiments  were  made  with  a  very  high  grade  of  roll  sulfur 
without  purification.  Afterwards  pure  rhombic,  monoclinic  and  amor- 
phous sulfur  were  prepared  and  their  solubilities  determined. 

Rhombic  sulfur  was  prepared  by  recrystallizing  the  roll  sulfur  from 
carbon  disulfide  solution. 

1  Published  with  the  approval  of  ht.  Col.  Amos  A.  Fries,  Chief  Chemical  Warfare 
Service,  U.  S.  A. 
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Monoclinic  sulfur  was  prepared  by  melting  the  roll  sulfur,  allowing  the 
melt  to  cool  until  nearly  all  solid,  and  then  breaking  the  crust  and  allowing 
the  remaining  liquid  to  run  off.  The  crust  and  the  liquid  were  discarded 
and  only  the  fine  needle  crystals  used.  This  was  kept  in  an  oven  at  1090 
to  no0  until  used.  Amorphous  sulfur  was  prepared  by  melting  the  roll 
sulfur  and  allowing  it  to  run  in  a  fine  stream  into  water.  After  standing 
for  some  time  this  was  dried,  ground  to  a  fine  powder  in  mortar,  and  then 
extracted  repeatedly  with  carbon  disulfide  to  remove  all  but  the  amor- 
phous form.  The  material  was  used  immediately  after  driving  off  the 
excess  of  carbon  disulfide. 

Dichloro-ethylsulfide. — A  sample  of  crude  mustard  gas,  from  Edgewood 
Arsenal,  which  was  quite  brown  and  had  a  large  amount  of  sulfur  dis- 
solved in  it,  was  placed  in  a  bath  of  ice  and  salt  and  frozen.  On  re- 
melting  the  mustard  gas  most  of  the  sulfur  remained  as  a  precipitate. 
The  clear  amber  liquid  was  poured  off  from  this  and  fractionally  distilled 
twice  under  reduced  pressure.  On  the  second  distillation  the  part  which 
came  over  under  a  pressure  of  21  millimeters  of  mercury  at  a  temperature 
of  98°to  990  was  almost  water-white  and  had  a  freezing  point  of  13.82  °. 
This  was  used  in  the  experiments. 

Method. 

Mixtures  of  sulfur  and  mustard  gas  were  weighed  into  a  large  test-tube 
which  was  inserted  into  a  larger  one  and  held  in  position  by  a  rubber 
stopper.  This  gave  an  air  space  between  the  two,  making  the  rate  of 
heating  and  cooling  slower  and  more  regular.  The  inside  tube  was  closed 
by  a  rubber  stopper  with  2  holes  for  the  introduction  of  the  thermometer 
and  stirrer.  A  2-liter  beaker  of  water  or  oil,  heated  with  a  Bunsen  burner, 
was  used  as  a  temperature  control. 

The  temperature  of  the  bath  was  raised  slowly  at  the  rate  of  about  2  ° 
in  5  minutes  and  the  mixture  stirred  constantly.  The  temperature  was 
noted  at  which  the  2  phases  became  one,  and  then  the  system  was  slowly 
cooled  and  the  temperature  again  noted  when  the  second  phase  appeared. 
The  determination  was  then  repeated,  heating  and  cooling  at  a  slower  rate 
and  thus  increasing  the  delicacy  of  the  transition  point.  This  method 
gave  very  accurate  results  for  that  portion  of  the  curve  where  2  liquid 
layers  formed.  Where  the  solid  phases  separated  a  different  procedure 
was  used.  The  freezing-point  determination  method  developed  by  the 
American  University  Research  Division  of  the  Chemical  Warfare  Sec- 
tion was  used  where  the  solid  phase  was  mustard.  Where  the  solid  phase 
was  sulfur  the  method  of  plotting  time  against  temperature  during  the 
cooling  was  used. 

Where  the  per  cents,  of  sulfur  were  below  1%  a  Beckmann  thermometer 
was  used  for  the  determination  of  the  lowering  of  the  freezing  point.    For 
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all  the  other  determinations  a  thermometer  graduated  in  single  degrees 
and  capable  of  being  read  to  0.1  °  was  used. 

The  mustard  gas  was  placed  in  the  test-tube  first  and  weighed  accurately 
to  the  third  decimal  place.  The  sulfur  was  weighed  on  a  watch  glass  and 
transferred  to  the  test-tube.  From  these  weights  the  per  cents,  of  the 
components  were  calculated.  After  one  determination,  a  second  weight 
of  sulfur  was  introduced  into  the  apparatus.  Each  point  was  checked 
several  times  with  each  quantity  weighed  and  the  whole  series  was  checked 
twice.    The  results  given  in  the  data  are  averages  of  many  readings. 

Solubility  of  Roll  Sulfur. 
Table  I  gives  the  temperature  at  which  the  second  phase  was  formed 
with  the  different  per  cents,  of  sulfur.    Also  the  nature  of  the  second  phase 
is  shown,  whether  it  was  solid  mustard  gas,  solid  sulfur  or  a  second  liquid 
layer. 

Table  I. — Solubility  of  Roll  Sulfur. 
Temperatures. 

Nature  of  the  solid  phase. 


%s. 
o 

O.I 

0.3 
0.7 
0.9 

1.4* 
2.44 
3.3B 
4.31 

6.IO 

9.09 
16.66 

20.00 
25.18 
31.00 
32.00 

35.00 

40.00 
60.00 
78.00 
85.00 
87.00 
90.00 

94.00 

100.00 


Solid  mustard. 
•C 

1382 

13.79 

13.75 

I370 

1366 


Solid  sulfur. 
°C. 


Liquid  phase. 


24 
43 
54 
61 

74 

85 

99 

102 


108 
"4 


These  results  are  shown  in  Figs.  1  and  2,  Fig.  1  giving  all  the  data  and 


Fig.  2  being  drawn  on  a  larger  scale  so  that 
curve  below  1%  sulfur. 


no 
120 
122 
127 
133 
H3 
135 
124 
117 
105 


it  will  show  the  part  of  the 
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Solubility  of  Rhombic  Sulfur. 
This  determination  was  made  for  the  purpose  of  checking  the  results 
with  those  on  roll  sulfur.    Table  II  gives  the  data  and  the  comparison 
with  the  roll  sulfur  of  the  same  per  cent,  composition. 

Tablb  II. — Solubility  op  Rhombic  Sulfur. 

Temperature. 


Rhombic. 

Sol. 
eC. 

Freezing. 
°C. 

Roll  sulfur. 

Temp. 

freezing. 

°C. 

7.6 

80 

79 

76 

79 

ix. 3 

90 

90 

"3 

90 

17.5 

IOO 

IOO 

17.5 

IOO 

21.0 

I04 

I03 

21 .0 

I03 
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These  values  show  that  the  solubility  of  the  2  samples  of  sulfur  is  the 
same. 

Solubility  of  Monoclinic  Sulfur. 

The  solubility  of  monoclinic  sulfur  was  found  to  agree  with  that  of 
rhombic.  The  question  then  presented  itself  as  to  which  of  the  2  forms 
was  the  stable  phase  in  contact  with  mustard  gas  at  the  different  tempera- 
tures. 

On  cooling  solutions  of  sulfur  in  mustard  gas  until  crystals  of  sulfur  sep- 
arated out,  it  was  f ound  that  the  nature  of  the  solid  phase  depended  upon 
the  temperature  at  which  it  was  formed.  If  above  78  °  the  crystals  were 
monoclinic  needles  while  below  that  they  were  rhombic  crystals. 

These  experiments  lead  to  the  conclusion  that  in  crystallizing  at  tem- 
peratures below  78  °  the  rate  of  transformation  is  too  rapid  to  allow  the 
monoclinic  to  be  stable,  while  above  that  temperature  we  are  approaching 
near  enough  to  the  true  transition  point  to  make  the  rate  slow  enough  to 
allow  the  monoclinic  to  form  and  remain  as  the  solid  phase  under  the 
liquid. 

This  is,  as  would  be  expected,  that  the  metastable  phase  or  monoclinic 
crystals  would  form  first  and  then  would  change  to  the  stable  or  rhombic 
crystals.  The  rate  at  which  transition  would  take  place  would  increase 
the  farther  one  went  below  the  transition  temperature  (95.5  °)  until  at 
78  °  it  would  change  so  rapidly  that  the  presence  of  the  monoclinic  form 
could  not  be  detected.  It  does  not  necessarily  mean  that  the  transition 
point  of  the  2  forms  of  sulfur  is  lowered  by  the  presence  of  the  liquid 
mustard  gas. 

Solubility  of  Amorphous  Sulfur. 

A  mixture  of  0.14%  of  amorphous  sulfur  and  99.86%  of  mustard  gas 
was  heated  slowly  from  30  °  to  1200,  holding  the  temperature  constant  for 
10  minutes  at  every  10  °  and  stirring  continuously.  There  was  no  evidence 
of  solution  of  the  sulfur  until  the  temperature  was  raised  to  120 °  at  which 
point  the  sulfur  melted  and  all  went  into  solution  immediately.  The 
solubility  of  amorphous  sulfur  is,  therefore,  less  than  this  amount  at  tem- 
peratures below  its  melting  point. 

Conclusions. 

(1)  The  complete  solubility  curve  for  sulfur  in  mustard  gas  has  been 
determined. 

(2)  The  solubility  of  rhombic  and  monoclinic  sulfur  in  mustard  gas  is 
the  same. 

(3)  Below  78  °  the  solid  phase  that  crystallizes  is  rhombic  sulfur  while 
above  that  temperature  it  is  monoclinic  sulfur. 

(4)  The  solubility  of  amorphous  sulfur  in  mustard. gas  is  less  than  o.  1 4% 
at  temperatures  below  1200  at  which  temperature  the  sulfur  melts. 
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In  conclusion  the  writers  desire  to  express  their  appreciation  of  the 
helpful  suggestions  of  Major  Wm.  Lloyd  Evans  of  the  Chemical  Laboratory 
of  Edgewood  Arsenal. 

Ansa,  Iowa. 
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DENSITY  AND  COEFFICIENT  OF  EXPANSION  OF  DICHLORO- 

ETHYL  SULFIDE.1 

John  A.  Wilkinson  and  Chris  Wbrnlund. 

Received  April  28,  1920. 

One  of  the  physical  constants  of  dichloro-ethyl  sulfide  or  mustard  gas, 
which  is  of  great  importance  in  filling  gas  shells,  is  the  density  and  the 
variation  of  this  with  changes  in  temperature.  This  last  is  of  importance 
since  upon  it  is  based  the  calculations  of  the  voids  necessary  to  be  left 
in  filling  the  shells  in  order  to  prevent  the  development  of  leaks.  The 
liquid  expanding  as  the  temperature  rises  completely  fills  the  shells  and 
crushes  the  threads  on  the  adaptors  which  hold  the  boosters. 

Since  the  density  at  different  temperatures  was  desired,  the  determina- 
tions were  made  in  a  dilatometer  tube.  The  same  sample  could  be  used  to 
determine  the  density  at  the  different  temperatures  and  thus  the  coeffi- 
cient of  expansion  could  be  calculated. 

Preparation  of  Dichloro-ethyl  Sulfide. 

A  sample  of  mustard  gas  supposed  to  be  about  97%  pure  was  first 
distilled  by  passing  the  vapor  from  a  constant  boiling  hydrochloric  acid 
solution  through  it.  The  heavier  layer  of  the  distillate  was  then  ex- 
tracted with  ether  and  the  ether  layer  dried  over  calcium  chloride  for  1 2 
hours.  It  was  then  poured  from  the  calcium  chloride  into  a  distilling 
flask  and  the  ether  evaporated  off,  and  the  residue  distilled  in  vacuo,  the 
middle  portion  being  taken  for  the  density  determination.  This  liquid 
was  almost  water-white,  having  but  a  very  faint  yellow  tinge.  Its  freezing 
point  was  13.5  °. 

Determination  of  Density. 

The  stem  of  the  dilatometer  was  calibrated  before  sealing  to  the  bulb 
by  weighing  the  amounts  of  mercury  delivered  by  the  different  lengths 
of  the  capillary.  The  volume  of  the  bulb  was  determined  by  weighing  the 
dilatometer  empty  and  filled  to  the  zero  mark  with  mercury. 

The  mustard  gas  was  introduced  into  the  dilatometer  through  a  very 
fine  capillary  tube  made  by  drawing  out  a  piece  of  glass  tubing.  The  dil- 
atometer was  immersed  in  a  water  bath  at  15  °  and  filled  with  mustard 
gas  adjusting  the  level  to  the  zero  mark  after  equilibrium  had  been  reached. 
The  top  of  the  dilatometer  was  then  sealed  off  and  it  and  the  contents 
1  Published  with  the  approval  of  Lt.  Col.  Amos  A.  Fries,  Chief  Chemical  Warfare 
Service,  U.  S.  A. 
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weighed.    The  increase  in  the  weight  over  that  of  the  empty  dilatometer 
gave  the  weight  of  the  mustard  gas. 

Data. 
The  values  obtained  are  as  follows: 

Weight  of  mustard  gas  used 6 .0835  g. 

Volume  of  dilatometer 4. 7564  cc. 

^      .^_    .      »      6.0835 

Density  at  150  « —  1.2790. 

4.7564 

Coefficient  of  Expansion. 
The  dilatometer  was  then  immersed  in  a  tall  glass  vessel  filled  with 
water  which  served  as  a  constant  temperature  bath.  The  temperature 
was  raised  slowly  and  the  height  of  the  meniscus  in  the  capillary  read  by 
means  of  cathetometer.  The  following  table  gives  the  volume  occupied 
by  the  6.0835  g.  of  mustard  gas  at  the  different  temperatures,  and  from 
these  values  are  calculated  the  densities  or  specific  gravities  compared  to 
water  at  4  °  as  unity.  In  the  last  column  are  the  differences  in  density 
far  each  5  degrees.  Several  readings  being  made  at  each  point  with  both 
rising  and  falling  temperatures. 

The  volume  read  on  cooling  to  15  °  after  having  raised  the  apparatus 
to  90 °  was  exactly  the  same  as  it  was  before  being  heated.  This  showed 
that  the  apparatus  recovered  its  original  volume  very  quickly  after  being 
heated. 

Table  I. 
Weight  of  Mustard  Gas  «■  6.0835  8- 


Volume  Cc 

Temp.,  °  C. 

Density. 

Diff. 

47564 

15 

I.2790 

47748 

20 

I. 2741 

0.005I 

47956 

25 

1.2686 

O.OO55 

4.8147 

30 

I.2635 

O.OO51 

48345 

35 

I.2584 

O.OO51 

48547 

40 

I. 2531 

O.OO53 

48752 

45 

I.2479 

O.OO52 

48057 

50 

I.2426 

O.OO53 

4.9168 

55 

1.2373 

O.OO53 

49386 

60 

I. 2318 

OOO55 

4  9607 

65 

I.2263 

O.OO55 

49823 

70 

1. 22IO 

O.OO53 

5.0034 

75 

I.2158 

O.OO52 

5.0249 

80 

I. 2106 

O.OO52 

50481 

85 

I. 2051 

O.OO51 

50633 

88 

1. 2015 

O.OO36  \ 

50710 

90 

I.1996 

>  O.OO55 
O.OOI9  J 

The  variation  in  density  per  degree  between  15 °  and  900  is  0.001058. 
The  variation  in  volume  of  one  gram  per  degree  between  the  same  tem- 
perature is  0.0006895  cc  The  variation  in  volume  in  cc.  per  cc.  per  degree 
is  oxxx>88i  cc. 
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TABLB  II. 

Thermal  Expansion  of  Dichloro-ethyl  Sulfide. 

Volume  at  15  °  —  1. 


iJ*iS    TS    *S   4S    k    &l    7S    k    k 

Temperature -Degrees  C 
Fig.  1. 
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In  the  accompanying  curves,  I  shows  the  relationship  between  density 
and  temperature  and  II  change  in  volume  of  one  cc.  of  mustard  gas  with 
increase  in  temperature,  1.  e.f  the  coefficient  of  expansion. 

Conclusions. 

(1)  The  density  of  dichloro-ethyl  sulfide  at  15 °  is  1.2790  and  at  900 
it  is  1. 1996,  a  change  of  0.001058  per  degree. 

(2)  The  coefficient  of  expansion  of  dichloro-ethyl  sulfide  between  15  ° 
and  90 °  is  0.06614  cc.  per  cc.,*an  increase  of  0.000881  cc.  per  degree. 

(3)  The  expansion  between  these  temperatures  is  practically  uniform. 
In  conclusion  the  writers  wish  to  express  their  appreciation  of  the  help 

and  suggestions  of  Major  Wm.  Lloyd  Evans,  of  the  Chemical  Laboratory  of 
Edgewood  Arsenal. 

Iowa  Stat*  Coilsos, 
,  Iowa. 
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[Contribution  from  tot  T.  Jefferson  Coolidob,  Jr.,  Chemical  Laboratory  op 

Harvard  College.] 

THE  VAPOR  PRESSURES  OF  CERTAIN  SUBSTANCES:   CHLORO- 

PICRIN,  CYANOGEN  BROMIDE,  METHYL-DICHLORO- 

ARSINE,  PHENYL-DICHLORO-ARSINE,  DIPHENYL- 

CHLORO-ARSINE  AND  ARSENIC 

TRICHLORIDE.1 

By  G.  P.  Baxter,  F.  K.  Bbzzenberger  and  C.  H.  Wilson.* 

Received  May  3,  1920. 

In  collaboration  with  the  Bureau  of  Mines  and  the  Research  Division 
of  the  Chemical  Warfare  Service  the  vapor  pressures  of  various  com- 
pounds were  determined  at  the  Harvard  Branch  Laboratory.  While 
the  necessities  of  the  situation  demanded  speed  rather  than  a  high  degree 
of  accuracy,  the  observations  are  probably  correct  with  a  very  few  per 
cent,  in  most  cases,  and  seem  on  the  whole  worth  while  making  a  matter  of 
permanent  record.  This  paper  contains  the  results  obtained  with  the 
following  substances:  chloropicrin,  cyanogen  bromide,  methyl-dichlor- 
arsine-  phenyl-dichloro-arsine,  diphenyl-chloro-arsine  and  arsenic  tri- 
chloride. 

All  the  observations  were  made  by  the  "air  current"  or  "transference" 
method,  except  in  the  case  of  arsenic  trichloride  at  higher  temperatures 
where  a  static  method  was  employed.  A  known  volume  of  air,  as  de- 
termined by  the  measured  volume  of  water  run  out  of  an  aspirator,  was 
saturated  with  the  vapor  of  the  substance  in  question  by  passing  through 
a  weighed  receptacle  maintained  at  constant  temperature  in  a  water 
thermostat.  The  loss  in  weight  of  the  saturating  tube  furnished  the 
weight  of  evaporated  substance.  From  the  latter  quantity  the  volume 
of  vapor  was  calculated  on  the  assumption  that  the  volume  of  a  gram  mole- 
cule under  standard  conditions  is  22.41  liters.  Even  with  the  most  volatile 
substances  this  assumption  is  probably  true  within  the  accuracy  of  the 
experiments.  The  per  cent,  of  vapor  by  volume  multiplied  by  the  interior 
pressure,  as  determined  by  the  barometric  reading  and  an  open-arm  water 
manometer  attached  to  the  aspirator,  gives  the  vapor  pressure. 

The  control  of  temperature  in  the  thermostats  was  within  o.i°  except 
when  a  freezing  mixture  was  employed  wftere  the  uncertainty  may  have 
been  as  large  as  one  degree  at  — 18  °. 

Since  nearly  all  the  substances  investigated  hydrolyze  readily,  the  air 
was  dried,  usually  by  passing  over  sodium  hydroxide,  before  entering  the 
saturating  tube.  The  saturating  tube  was  constructed  as  shown  in 
Fig.  1  with  3  U-tubes  joined  together.  The  inlet,  which  could  be  closed 
with  a  glass  stopcock,  was  located  above  the  water  of  the  constant  tem- 
1  Published  by  permission  of  the  Director  of  the  Chemical  Warfare  Service. 
*  Sergeant,  C.  W.  S..  U.  S.  A.    Died,  January  10,  1919. 
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perature  bath;  the  outlet  in  most  cases  was  immersed  in  the  bath  so  as  to 
avoid  condensation  of  the  vapor  when  used  at  temperatures  above  that 
of  the  room,  and  was  connected  to  a  U-tube  immersed  in  the  bath  and  then 
to  the  aspirator  system  by  stout  rubber  tubes.  Between  <^j , 
the  U-tube  and  the  aspirator,  when  the  more  volatile  =  _ 
substances  were  under  examination,  a  U-tube  immersed 
in  a  freezing  mixture  was  introduced,  both  as  a  matter 
of  safety  and  in  order  to  avoid  pressure  complications 
in  the  aspirator  bottle. 

The  coils  of  the  saturating  tube  were  nearly  filled 
with  glass  beads.  If  the  substance  under  examination 
was  a  liquid,  barely  enough  was  introduced  to  seal  the 
bends  of  the  coils.  If  the  substance  was  a  solid  it  was 
either  introduced  in  the  molten  state  or  was  melted  in 
the  tube  and  caused  to  solidify  over  as  much  of  the  interior  surface  of  the 
coils  as  possible. 

No  variations  in  the  results  with  the  rate  of  flow  of  air  were  found  up 
to  4  liters  of  air  per  hour,  but  the  rate  was  ordinarily  between  2  and  3 
liters  per  hour,  and  with  the  more  volatile  substances  such  as  cyanogen 
bromide  was  much  less.  While  all  the  materials  furnished  were  ap- 
parently fairly  pure,  they  all  gave  evidence  of  containing  a  small  proportion 
of  more  volatile  impurities,  since  the  initial  results  were  higher  than  later 
ones.  In  order  to  provide  for  this  difficulty  the  first  step  after  filling  the 
saturating  tube  was  to  pass  a  comparatively  large  volume  of  air  through 
the  tube  at  an  elevated  temperature  before  making  any  attempt  to  weigh 
the  tube.  After  such  treatment,  constant  values  for  the  vapor  pressure 
were  always  obtained.  There  is,  however,  the  uncertainty  as  to  less 
volatile  impurities  which  may  have  lowered  the  vapor  pressure. 

The  tubes  were  weighed  by  substitution  for  similar  counterpoises,  after 
the  usual  precautions  of  wiping  with  damp  cotton  cloth  and  prolonged 
standing  near  the  balance.  Many  hours'  immersion  in  the  water  of  the 
thermostat  even  at  as  high  a  temperature  as  75  °  was  found  to  have  no 
perceptible  solvent  effect  upon  the  glass. 

With  all  the  substances  investigated  a  plot  of  the  logarithm  of  the  vapor 
pressure  against  the  reciprocal  of  the  absolute  temperature  gives  a  very 
nearly  straight  line,  which  therefore,  can  be  represented  by  an  empirical 
equation  of  the  form 

log  v.  p.  -  A  + — . 

273  +  * 

Satisfactory  values  of  A  and  B  have  been  computed  for  each  substance. 

Vapor  pressures  calculated  by  means  of  these  equations  agree  .with  the 
observed  values  within  the  experimental  error.    For  a  higher  degree  of 
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accuracy  the  equations  are  not  adequate,  however,  and  cannot  be  trusted 
for  extrapolation  over  any  considerable  range. 

Details  follow  for  the  individual  substances. 

Chloropicrin. — The  original  material  was  distilled  in  a  partial  vacuum 
in  2  portions.  The  first  was  used  at  350,  250,  150  and  o°,  the  second  at 
the  other  temperatures.  The  first  2  experiments,  at  25  °,  which  gave  dis- 
crepant results,  are  not  included  in  the  table. 

Tablb  I. 
Chloropicrin. 

2045.1 


Temper- 
ature. 

•c. 

Volume 
of  air  at 
0°and 
760  mm. 
Cc 

log  V, 

Lou  in 

weight 

of  tube. 

O. 

p.  -  0.2424 

Interior 

pressure. 

Mm. 

273  +/ 

Vapor 

pressure 

observed. 

Mm. 

Vapor 

pressure 

calculated. 

Mm. 

Difference. 

Calc.  —  obs. 

Mm. 

35 

2151 

O.9200 

73I.O 

40.27 

2575 

I.0690 

749  5 

40.I3 

2317 

0.9445 

7480 

(3936) 

1828 

O.7776 

7303 

40.OI 

Av., 

40.I4 

40.04 

— O.IO 

30 

2784 

O.8638 

763  3 

30.97 

2085 

O.6505 

7658 

3123 

Av., 

3I.IO 

3I.IO 

O.O 

25 

2805 

O.6808 

7426 

2378 

2535 

O.6048 

756.5 

2383 

Av.. 

23.81 

23  97 

+O.I6 

20 

2008 

O.3626 

759  4 

18.24 

2361 

O.4300 

758  9 

18.38 

Av., 

18.31 

18.30 

— O.OI 

15 

3287 

04454 

7613 

13.81 

2657 

03653 

752.0 

1383 

Av., 

1382 

1385 

+0.03 

10 

2588 

O.2651 

758.5 

IO.45 

2903 

O.2930 

758.o 

IO.29 

Av., 

IO.37 

10.37 

0.0 

0 

2407 

O.1386 

7332 

5  71 

2712 

O.I55I 

7375 

571 

Av., 

5.71 

564 

— 0.07 

—18 

3299 

O.0611 

754- 1 

1.90 

1.67 

— 0.23 

—19 

3400 

O.0566 

751.5 

1.70 

1.55 

—0.15 

— 20 

3125 

00459 

751.8 

1.50 

1.44 

— 0.06 

The  approximate  volume  of  air  and  loss  in  weight  of  the  saturating  tube 
are  given  briefly  in  the  following  table  for  the  individual  experiments  with 
the  remaining  substances: 
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Loss  In  weight 
Volume  of  air.  of  tube, 

liters.  O. 

Cyanogen  bromide 1-2  1.8    -0.07 

Methyl-dichloro-arsine 1-3  0.17  -o. 01 

Phenyl-dichloro-arsine 6-25  0.025-0.001 

Diphenyl-chloro-arsme 14-32  0.007-0.0001 

Arsenic  trichloride 2-6  0.85  -o.  14 


Fig.  2. 


Table  II. 

Cyanogen  Bromide. 

log 

r.  p\  =  10 

2457 
.3282  

273 

.5 
+  t 

Temper- 
ature. 

•c. 

Number  of 
observations. 

Average 

vapor 

pressure 

observed. 

Mm. 

Average 

deviation 

from  mean. 

Mm. 

Vapor 

pressure 

calculated. 

Mm. 

Difference. 
Calc  —  obs. 
Mm. 

35 

4 

223.5 

2.9 

2235 

O.O 

25 

3 

119. 5 

0.9 

I20.6 

+  I.I 

15 

2 

633 

O.I 

62.4 

—0.9 

O 

2 

21.2 

O.I 

21.2 

O.O 

—15.5 

1 

6.3 

6.1 

— 0.2 

—17.3 

1 

59 

52 

—07 

Phenyl-dichloro-arsine. — This  material  contained  a  relatively  large 
proportion  of  volatile  impurity,  which  eventually  was  removed  by  sweeping 
out  the  saturating  tube  with  a  current  of  air  for  many  hours  at  about  70  °. 
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Table  III. 

Methyl-dichloro-arsine. 

log  v.  p.  = 

228l 
8.6944 

273 

7 

Temper- 
ature. 

•c. 

Average 
vapor 
Number  of     observed, 
observations.        Mm. 

Average 

deviation 

from  mean. 

Mm. 

Vapor 

pressure 

calculated. 

Mm. 

Difference. 

Calc.  —  obs. 

Mm. 

35 

2 

1933 

O.06 

1933 

O.OO 

25 

2 

10.83 

O.OI 

IO.90 

+O.07 

15 

2 

594 

O.OX 

5.91 

— O.03 

O 

3 

2.17 

O.OO 

2.17 

O.OO 

—15 

1 

0.67 

O.71 

+0.04 

—16.8 

1 

0.56 

O.61 

+O.05 

—17 

1 

053 

O.60 

+O.07 

Tablb  IV. 

Phenyl-dichloro-arsine. 

mper- 

ture.        Number  of 

0  C.        observations. 

log  v.  p.  = 

Average 

vapor 

pressure. 

observed. 

Mm. 

3164 
9.I50—             ... 
273  +  ' 

Average                Vapor 

deviation             pressure 

from  mean.         calculated. 

Mm.                   Mm. 

Difference. 

Calc  — obs. 

Mm. 

45 

2 

O.I59 

O.OOO 

O.I59 

O.OOO 

35 

5 

O.076 

O.OOI 

O.076 

O.OOO 

30 

2 

0.049 

O.OOO 

O.051 

-f-0.002 

25 

2 

0.035 

O.OOO 

O.034 

— O.OOI 

15 

5 

O.OI4 

O.OOI 

0.014 

O.OOO 

0 

3 

O.OO4 

O.OOO 

O.OO4 

O.OOO 

Fig.  2. 
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Diphenyl-chloro-arsine. — Two  samples  of  material  were  furnished, 
one  of  which  had  been  purified  by  distillation,  one  by  crystallization. 
No  difference  could  be  detected  between  the  2  samples.  The  solid  sub- 
stance gave  irregular  results  at  temperatures  below  its  melting  point, 
44°.  Therefore,  values  were  found  at  temperatures  above  the  melting 
point,  with  the  expectation  of  extrapolating  to  lower  temperatures.  As 
it  turned  out,  the  melted  substance  remained  supercooled  long  enough  to 
make  possible  4  experiments  at  25  °,  although  these  results  at  25  °  are 
lower  than  the  results  at  higher  temperatures  would  lead  one  to  expect. 
Farther  determinations  at  25  °  after  the  substance  eventually  solidified 
gave  excessively  high  results,  probably  owing  to  separation  of  volatile 
impurities  during  solidification,  although  the  material  had  been  swept 
out  very  thoroughly  at  a  high  temperature  both  before  and  in  the  course 
of  the  earlier  experiments. 

Table  V. 
Diphenyl-chloro-arsine. 


Temper- 
ature. 

•c. 

Number  of 
observations. 

log  v.  p. 

Average 

vapor 

pressure 

observed. 

Mm. 

-  7.8930 

Average 

deviation 

from  mean. 

Mm. 

273  +•' 

Vapor 

pressure 

calculated. 

Mm. 

Difference. 

Calc  —  obs. 

Mm. 

75 

4 

O.0282 

O.OOI3 

O.0278 

— O.OO04 

65 

5 

O.OI48 

O.OO08 

O.OI46 

— 0.0002 

55 

2 

O.OO65 

O.OOO3 

O.OO74 

-fo.0009 

45 

4 

O.OO39 

O.OOO I 

O.OO36 

— O.OO03 

25 

4 

O.OOO3 

O.OOOI 

O.OO08 

+O.OO05 

Arsenic  Trichloride. — After  experiments  at  temperatures  up  to  50  ° 
had  been  completed  by  the  air-current  method,  the  observations  were 
extended  to  nearly  100  °  by  the  "submerged  bulblet"  method  of  Smith 
and  Menzies.1  Cone,  sulfuric  acid  was  used  as  the  immersion  liquid 
and  the  capillary  ascension  in  the  tube  constituting  the  outlet  of  the  bulb 
was  determined.  Four  series  of  measurements  were  made  and  the  results 
{dotted  against  the  temperature.    Prom  the  curve,  vapor  pressures  at 

Tabus  VI. 
Arsenic  Trichloride. 

1720 


f  nipcr* 

atnre.     Number  of 
*  C.     observations. 

log  v.  p.  a 

Average 

vapor 

pressure 

observed. 

Mm. 

■  7.5I03  — 

241 

Average 

deviation 

from  mean. 

Mm. 

2  +  r 

Vapor 

pressure 

calculated. 

Mm. 

Difference. 

Calc  — obs. 

Mm. 

SO                3 

40.90 

0.20 

40.90 

O.OO 

35                 3 

1953 

O.O3 

1954 

-f-o.oi 

25                 2 

II.65 

O.O4 

II.40 

— O.25 

O                 2 

2.44 

0.02 

2.44 

O.OO 

Smith  and  Menzies,  This  Journal,  32,  907  (1910). 
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Submerged  Bulblbt  Method. 

Observed. 

Inter-  Calcu-     Difference. 
poUted.         lated.     Calc.—  oba 

Mm.  Mm.  Mm. 

30I  300  —I 


temper- 
ature. 

I. 

n. 

III. 

IV. 

•c. 

Mm. 

Mm. 

Mm. 

Mm. 

XOO.O 

98.9 

290 

98.O 

274 

979 

287 

96.O 

264 

942 

244 

9O.7 

221 

90.0 

89.8 

208 

85.7 

177 

854 

I8l 

8l. I 

152 

80.3 

I48 

80.O 

794 

143 

76.3 

124 

76.I 

122 

745 

117 

73-2 

109 

71.4 

108 

7I.O 

IOO 

7O.9 

99 

70.O 

67.8 

89 

67.6 

82 

656 

76 

64.3 

79 

61.3 

63 

6o.2 

64 

60.O 

58.2 

57 

54-7 

48 

51.2 

43 

211 


145         146         +1 


97  98  +1 


64  64 


10  °  intervals  between  50  °  and  100  °  were  read  off  and  are  given  in  the 
column  of  "interpolated"  values.  Since  the  results  between  o°  and  ioo° 
cannot  be  adequately  expressed  by  the  logarithmic  equation  of  the  simpler 

type,  the  modification  of  Antoine,1  log  v.  p.  =  A  H ,  has  been  used. 

The  boiling  points  of  arsenic  trichloride  calculated  from  the  equation 
are  129.3 °  and  129.60  at  752  mm.  and  760  mm.,  respectively,  while 
Walden2  found  the  boiling  point  to  be  129 °  at  the  former  and  Thorpe* 
130.2  °  at  the  latter  pressure. 

1  Antoine,  Compt.  rend.,  no,  632  (1890). 
*  Z.  physik.  Chem.,  43, 420  (1903). 
9  Proc.  Roy.  Soc.,  24,  283  (1876). 
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The  foregoing  data  obviously  furnish  evidence  from  which  the  heats  of 
vaporization  may  be  computed.    Using  the  Clausius-Clapeyron  equation 

(L  =  T  -p  (Vga.  —  ^uquid-«oiid)    and   values   for   the    vapor    pressures 

calculated  from  the  logarithmic  vapor  pressure  equations,  this  has  been 
done  for  the  3  most  volatile  substances  at  various  temperatures.  The 
results  are  expressed  in  kilogram  calories  per  gram  molecule. 

Tabu*  VII. 
Heats  of  Vaporization. 


Temperature. 

Chloropicrin. 

Cyanogen 
bromide. 

Arsenic 
trichloride. 

IOO 

6.86 

SO 

• 

7.29 

35 

6.77 

8.08 

O 

7IO 

8.60 

742 

Cambrjdos,  Mass. 

[Contribution  from  the  Laboratory  of  Physical  Chemistry.  Princeton 

University.] 

STUDIES  IN  THE  ADSORPTION  BT  CHARCOAL. 
L  THE  RELATION  OF  SERVICE  TIME  TO  ABSORPTION  AND  ABSORPTION. 

By  H.  H.  Lowry  and  G.  A.  Hulett. 
RecelTed  March  29,  1920. 

Introduction. 

Because  of  the  prominence  of  gas  warfare  in  the  recent  world  war, 
means  of  protection  against  gas  had  to  be  developed.  Naturally  char- 
coal played  a  prominent  part  because  of  its  remarkable  properties  as  an 
absorbent.  Also  naturally  one  sample  of  charcoal  prepared  in  one  way 
might  be  better  than  another  for  a  given  use  and  the  test  developed  to 
show  superiority  of  one  charcoal  over  another  became  known  as  the  "ser- 
vice time"  test.  This  method  of  testing  has  been  described  by  Lamb, 
Wilson,  and  Chaney1  and  was  purely  an  empirical  test  developed  to  ap- 
proximate field  conditions.  Briefly,  it  consisted  in  passing  air  contain- 
ing a  known  concentration  of  a  toxic  gas,  as  chloropicrin,  at  a  definite 
rate  through  a  sample  of  charcoal  of  standard  dimensions  until  the  gas 
could  be  detected  in  the  effluent  air.  The  test  gave  the  desired  data  but 
bad  no  theoretical  basis,  though  many  speculations  had  been  made  on 
this  point.  No  known  property  of  a  charcoal  could,  however,  lead  one 
to  say  that  it  would  give  a  better  test  than  another  without  actually  sub- 
mitting it  to  these  empirical  conditions. 

The  lack  of  relation  between  service  time  and  some  physical  proper- 
ties of  various  charcoals  is  shown  in  Table  I. 

1  /.  IwL  Eng.  Chem.t  11,  430  (1919). 
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Tabus  I.1 

A909.        Nela.      English.      German. 

Density: 

True 1.84  1.89  1.86  1.70 

Apparent 0.55  0.46  0.13  0.24 

Vol.  capillaries  per  cc 0.23  0.31  0.39  0.38 

Service  Time: 

Cal.  minutes  (accelerated) 17.3  53.5  8.8  60.2* 

%  wt.  C(NOj)CU  at  break  point 14.6  48.7  32.0  uo.o* 

*  This  value  was  obtained  not  on  the  charcoal  as  taken  from  the  canisters  but  after 

having  been  treated. as  described  later. 

Most  of  the  speculations  on  service  time  have  connected  this  property 
with  either  the  well  known  great  adsorptive  power  of  charcoal  or  with 
capillary  action  due  to  its  porous  fetructure.  We  wished  to  investigate 
this  relation  and  decided  to  measure  the  adsorptive  power  of  these  char- 
coals for  nitrogen,  carbon  dioxide  and  water  vapor.  These  were  chosen 
because  they  were  well  defined,  stable  substances  not  very  difficult  of 
preparation  in  the  pure  state,  and  were  widely  different  as  to  critical 
temperatures.  Attention  is  called  to  this  fact  that  at  25  °,  the  tempera- 
ture chosen  for  the  measurements,  water  is  normally  a  liquid,  carbon  di- 
oxide is  a  gas  just  below  its  critical  temperature,  and  nitrogen  a  gas  and 
far  above  its  critical  temperature. 

It  was  also  realized  that  we  had  an  opportunity  to  obtain  adsorption 
measurements  on  charcoals  which  had  been  prepared  in  a  very  definite 
way  and  their  other  characteristics  determined  in  the  work  on  the  various 
charcoals  used  for  gas  masks.  Previous  measurements,  as  given  in  the 
literature,  may  be  considered  to  have  doubtful  value  because  of  their 
non-reproducibility,  since  no  special  attention  was  given  to  the  prepara- 
tion of  the  charcoal,  to  activation,  and  to  the  other  physical  properties 
of  the  charcoal.    Only  in  this  sense  was  it  intended  to  supplement  the 

1  Nots. — The  method  of  determination  of  these  properties  follows: 

True  Density. — Charcoal  placed  in  sample  tube  and  evacuated  at  445  °  and  sealed 
in  vacuo.  Weighed  in  air,  then  opened  under  water  and,  after  the  "drift"  had  disap- 
peared, the  weight  determined,  and  volume  obtained  from  weight  of  water  displaced 
(This  Journal,  42,  391  (1920)). 

Apparent  Density. — These  figures  are  calculated  on  a  moisture-  and  gas-free  basis. 

Volume  of  Capillaries. — Values  obtained  by  centrifuging  the  sample  of  charcoal 
opened  under  water  in  the  density  determination  for  a  definite  period  of  time  and 
approximately  1000  r.  p.  m.  The  excess  weight  of  the  sample  over  the  true  weight  of 
the  charcoal  represented  the  water  retained  by  the  capillaries  and  is  essentially  the 
same  as  if  the  external  water  were  removed  by  filter  paper. 

Service  Time. — These  tests  were  made  by  Dr.  N.  K.  Chaney,  of  the  National  Carbon 
Co.,  by  the  standard  accelerated  method  except  that  the  rate  was  500  cc.  per  minute 
instead  of  the  usual  1000  cc.,  *'.  c,  the  test  is  only  half  as  accelerated  as  the  standard. 
From  the  actual  weight  of  the  chloropicrin  absorbed,  the  minutes  service  was  calculated. 
We  wish  to  express  here  our  sincere  thanks  to  Dr.  Chaney  for  furnishing  us  with  this 
data. 


Digitized  by 


Google 


ADSORPTION  BY  CHARCOAL.  1 395 

enormous  amounts  of  data  already  collected  on  the  adsorption  of  gases  by 
charcoal.  Special  interest,  however,  was  attached  to  the  adsorption  of 
water  vapor,  first  because  no  accurate  measurements  of  the  adsorption 
of  vapors  by  charcoal,  which  could  normally  exist  as  liquids  at  the  tem- 
perature of  the  measurements,  have  previously  been  recorded  in  the  litera- 
ture, and  secondly,  because  the  so-called  toxic  "gases"  of  warfare  were 
usually  such  vapors. 

Description  of  the  Charcoals. 

A909. — This  charcoal  was  prepared  at  Astoria  in  August,  1918,  from 
cocoanut  shells.  The  preliminary  carbonization  was  at  950  °  for  10  hours. 
The  sample  was  then  steam-activated  at  950  °  for  45  minutes  according  to 
a  method  described  in  detail  elsewhere.1  The  sample  used  was  18-20 
mesh,  i.  e.,  that  which  would  pass  through  an  18-mesh  screen  but  was 
retained  by  a  20-mesh  screen. 

A909  Es. — This  was  the  same  charcoal  as  the  preceding,  the  only 
difference  being  in  the  size  of  the  particles.  It  was  prepared  by  grinding 
the  coarse  A909  in  a  ball  mill  and  collecting  by  electrical  precipitation 
the  dust  which  was  too  fine  to  settle.2  The  maximum  diameter  of  the 
particles  as  determined  microscopically  was  one  micron,  0.001  mm. 

Nela. — This  was  a  mixture  of  cocoanut  charcoals  prepared  and 
activated  in  the  C.  W.  S.  Laboratory  at  Nela  Park,  Cleveland.  The  char- 
coals composing  this  mixture  were  very  similar  but  of  various  degrees  of 
activity.  The  preliminary  carbonization  was  made  at  9500  for  10  hours 
and  the  charcoals  were  then  activated  with  steam  at  950  °  for  approxi- 
mately 45  minutes. 

English. — This  was  a  mixture  of  English  charcoals  which  were  very 
similar.  These  charcoals  were  made  from  birch  wood  in  gas  retorts,  that 
is,  they  were  really  air  activated.  The  method  of  preparation  was  the 
standard  adopted  for  the  preparation  of  British  war  charcoals. 

German. — For  the  details  of  the  method  of  preparation  of  this  char- 
coal, the  reader  is  referred  to  an  article  by  J.  F.  Norris.*    Briefly,  the  car- 
bonization was  affected  as  follows.    The  wood  in  pieces  of  uniform  size 
was  soaked  in  a  hydrochloric  acid  solution  of  zinc  chloride  for  about  l/% 
hour.    The  acidified  wood  was  then  heated  in  a  closed  muffle  furnace 
at  a  cherry-red  for  at  least  6  to  8  hours.    The  charcoal  obtained  was 
washed  with  hydrochloric  acid  until  the  soluble  ash  was  reduced  to  a 
minimum.    The  finished  product  contained  about  0.01%  of  zinc.    It 
was  finally  washed  free  from  acid,  drained  on  a  grill,  and  dried  in  a  vacuum 
at  700  to  80 °.    This  sample  of  charcoal  was  taken  from  unused  canisters 
which  had  been  captured  in  September,  1918,  and  was  further  treated 
1  J.  Ind.  Eng.  Chem.,  11,  430  (191 9). 
1  Tms  Journal,  42, 391  (1920). 
•  Norris,  /.  Ind.  Eng.  Chem.,  11,  829  (1919). 
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before  using  it  in  the  measurements,  including  those  of  the  service  time, 
as  follows.  It  was  boiled  in  distilled  water  for  2  hours,  its  water  decanted 
and  this  treatment  repeated  7  times.  It  was  then  boiled  for  3  hours  in 
dil.  (1  : 7)  hydrochloric  acid,  the  acid  decanted  and  then  again  treated 
as  at  first  3  times  with  water.  It  was  dried  in  the  air  on  filter  paper, 
and  then  for  5  hours  at  110-1150  in  air  free  from  carbon  dioxide  and 
water  vapor. 

Preparation  of  Nitrogen,  Carbon  Dioxide,  and  Water. 
Nitrogen. — A  mixture  of  air  with  hydrogen  from  a  Kipp  generator 
using  dil.  hydrochloric  acid  and  zinc  metal,  was  forced  through  a  combus- 
tion tube  in  the  proper  proportions  to  remove  completely  the  oxygen  and 
hydrogen,  using  copper-copper  oxide  as  the  indicator.1  The  effluent  gases, 
nitrogen  and  argon,  were  collected  and  stored  in  a  large  glass  gasometer 
over  a  dil.  alkaline  pyrogallate  solution  in  order  that  they  might  not  be 
contaminated  with  the  oxygen  originally  dissolved  in  the  water.  Subse- 
quent analysis  showed  no  traces  of  oxygen,  carbon  monoxide,  carbon 
dioxide,  or  hydrogen,  Assuming  that  the  air  originally  contained  78% 
of  nitrogen  and  1%  of  argon,  the  "nitrogen"  used  contained  1.25% 
argon.  The  gas,  as  used,  was  dried  by  passage  over  calcium  chloride 
and  phosphorus  pentoxide. 

Carbon  Dioxide. — The  carbon  dioxide  was  prepared  by  dropping 
1  :  1  sulfuric  acid,  kept  in  an  atmosphere  of  carbon  dioxide,  on  a  saturated 

solution  of  sodium  hydrogen  carbonate. 
The  sulfuric  acid  had  been  previously 
saturated  with  carbon  dioxide  to  dis- 
place the  dissolved  gases.  The  gas  was 
dried  over  calcium  chloride  and  phos- 
j  phorus  pentoxide.    Analysis  showed   a 

residue  of  less  than  0.1%  of  gas  not 
absorbed  by  a  caustic  potash  solution. 
The  gas  was  generated  as  used. 

Water. — The  water  used  was  ordi- 
nary distilled  water  freed  from  dissolved 
gases  as  follows.    About  10  cc.  of  dis- 
tilled water  was  placed  in  the  tube  T, 
•  ^        Fig.  1,  and  the  system  partially  evac- 
p  uated    through    the    stopcock    M    by- 
means  of  a  Topler  pump.    The  water 
•  was  then  carefully  frozen  with  solid  car- 

r  J       ,  bon  dioxide  and  ether  and  the  system 

evacuated  to  the  vapor  pressure  of  water 
lg'  I#  at  that  temperature.    After  closing  the 

1  This  Journal,  27,  1415  (1905). 
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stopcock  M,  the  ice  was  allowed  to  melt  and  M  opened  again  momentarily. 
Any  air  dissolved  in  the  water  would  be  given  up  to  the  vacuum.  To  re- 
move this  air,  which  was  always  less  than  0.02  cc,  the  water  was  again 
frozen  and  the  system  re-evacuated. 

Description  of  Apparatus. 

A  diagram  of  the  apparatus  is  shown  in  Fig.  2.  This  consisted  of  a 
quartz  tube,  NP,  15  mm.  inside  diameter,  and  about  25  cm.  in  length. 
The  sample  of  charcoal  was  placed  in  the  lower  8  to  10  cm.  of  the  tube 
and  above  this,  in  order  to  reduce  the  amount 
of  dead  space  as  much  as  possible,  there  was 
placed  another  quartz  Tube,  O,  sealed  at  both 
ends  and  fitting  tightly  in  NP.  A  ground 
glass,  vacuum-tight  joint  at  N  joined  the 
quartz  tube  containing  the  sample  to  a  3-way 
Stopcock,  M.  By  means  of  this  stopcock,  the 
charcoal  could  be  directly  opened  to  the  reser- 
voir holding  the  gas  to  be  absorbed  or  to  a 
manometer  S  and  through  the  stopcock  R  to  a 
Tdpler  mercury  pump,  by  which  the  evacua- 
tion of  the  system  was  effected.  Pressures 
from  a  fraction  of  a  millimeter  to  400  mm. 
could  be  read  from  the  manometer  by  means 
of  a  cathetometer  and  a  scale  placed  between 
the  2  arms  of  the  manometer.  TJie  pressure 
was  read  to  the  nearest  0.1  mm.  The  volume 
of  the  apparatus  enclosed  by  the  stopcock  R 
and  the  quartz  tube  NP  was  measured  directly 
by  putting  the  quartz  tube  and  filler,  O,  in 
place  empty,  with  R  closed  and  the  system 
evacuated  to  R,  and  subsequent  opening  of  R 
and  evacuation  of  the  rest  of  the  apparatus, 
the  gas  being  collected  at  the  delivery  of  the 
pump  and  measured  in  a  gas  buret  to  the 
nearest  0.01  cc.  Since  the  inside  diameter  of 
the  manometer  was  previously  measured  and 
was  of  uniform  bore,  the  volume  of  the  ap- 
paratus at  o  mm.  pressure  could  be  calculated, 
as  also  the  increase  in  volume  with  each  millimeter  pressure.  For  deter- 
mining the  free  space  in  the  apparatus  when  the  charcoal  was  in  place, 
the  volume  of  the  charcoal,  calculated  from  the  weight  of  the  gas- 
and  moisture-free  sample  and  its  previously  determined  true  density,  was 
subtracted  from  these  values. 


/ 


Fig.  2. 
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Method. 
In  practice,  a  sample  of  charcoal,  containing  an  unknown  weight  of  gas 
and  moisture,  was  weighed  directly  into  the  quartz  tube  NP.    The  weight 
of  the  sample  used  depended  on  the  apparent  density  of  the  charcoal 
since  the  volume  of  the  charcoal  used  was  a  constant — about  14  cc.    In 
the  line  between  the  pump  and  the  stopcock  R  was  sealed  a  small  glass 
2  condenser  (Fig.  2a),  which  was  immersed  in  solid  carbon  di- 
oxide and  ether  after  the  system  had  been  completely  evac- 
uated to  the  stopcock  M.    This  stopcock  was  then  opened 
and  simultaneously  an  electric  heater  was  placed  around  the 
quartz  tube,  the  ground  glass  connection  at  N  being  cooled 
by  a  lead   coil   through  which   cold  water  was   passing. 
The  heater  had  been  calibrated  and  sufficient  current  was 
passed  through  to  raise  the  sample  of  charcoal  to  7500  and 
Fig.  ia.       this    temperature   was    maintained   until,   with    continual 
evacuation  by  means  of  the  Topler  pump,  less  than  0.1  cc.  was  given 
off  in  each    10-minute  interval.     This  condition  was  usually  obtained 
only   after   5   to   7   hours   heating.      Previous   experience   had   shown 
that  until  such  a  temperature  had  been  reached  the  effluent  gases 
contained  fairly  large  percentages  of  the  oxides   of  carbon.     The   gas 
as  given  off  was  collected  at  the  delivery  of  the  pump  and  stored  in 
a  large  gas  buret  over  mercury,  in  which  the  total  volume  of  gas  was 
measured.    An  analysis  of  a  sample  of  this  allowed  easy  calculation  of 
the  weight  of  gas  given  up  by  the  charcoal  during  the  treatment.    This 
varied  with  the  charcoals  used  from"i%  to  10%  of  the  original  weight 
of  the  charcoal.    The  moisture  in  the  charcoal,  having  been  retained  in 
the  condenser  by  freezing,  was  determined  directly  by  cutting  the  con- 
denser out  of  the  line,  the  stopcock  R  being  closed,  and  weighing  the  con- 
denser with  the  water  and  then  empty.    This  moisture  varied  from  1% 
to  13%  of  the  original  weight  of  the  charcoal.    After  the  quartz  tube 
had  cooled,  it  was  kept  immersed  in  a  thermostat  at  25 °  =*=  0.20,  while 
the   pressure   concentration .  measurements   were   being   made.    Fairly 
close  adjustment  of  the  temperature  was  necessary  because  of  the  large 
though  undetermined  temperature  coefficient  of  pressure  with  tempera- 
ture.   After  the  measurements  with  one  gas  were  obtained,  the  charcoal 
was  re-evacuated  at  1840  (aniline  b.  p.)  to  remove  the  last  traces  of  the 
adsorbed  gas. 

Admission  of  Nitrogen  and  Carbon  Dioxide. 
Since  both  these  substances  are  gases,  their  pressures  and  concentra- 
tions were  measured  similarly,  though  necessarily  differently  from  the 
method  followed  with  water,  a  description  of  which  will  be  given  later. 

For  the  admission  of  nitrogen,  the  apparatus  shown  in  Fig.  3  was  sealed 
to  the  stopcock  M  (Fig.  2).     This  apparatus  consisted  essentially  of  a 
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small  gasometer,  R,  of  known  volume,  kept  immersed  in  a  jacket  of  water 
XP,  the  temperature  of  which  was  recorded  by  the  thermometer,  T.  The 
rest  of  the  apparatus  was  the  large  gasometer  in  which  the  nitrogen  was 
stored,  and  drying  tubes  containing  calcium  chloride  and  phosphorus  pent- 
oxide.  By  opening  the  stopcock,  M,  this  apparatus,  including  the  small 
gasometer  R,  could  be  completely  evacuated  to  J.  The  line  was  then 
"washed  out"  several  times  with  nitrogen  from  the  large  gasometer.  When 
this  was  accomplished,  the  small  gasometer  was  opened  to  the  nitrogen  sup- 
ply and  simultaneously  the  line  to  the  gasometer  from  the  pump  closed 


To  Pump 


To  Char 


Fig.  3- 

by  turning  the  3-way  stopcock  K.  The  stopcock  J  being  opened,  the  gasom- 
eter R  was  filled  with  nitrogen  to  the  zero  mark  at  atmospheric  pressure 
by  means  of  the  leveling  bulb  L.  The  temperature  and  pressure  of  this 
volume  being  known,  it  was  readily  reduced  to  N.  T.  P.  The  volume  of 
the  gasometer  was  94.62  cc.  Now  the  stopcocks  K  and  M  were  so  turned 
as  to  connect  the  sample  of  charcoal  with  the  nitrogen  in  the  gasometer 
and  the  levels  of  mercury  in  L  and  R  kept  approximately  level  while  the 
?as  was  being  adsorbed.  Equlibrium  was  very  rapidly  reached  and  the 
2  levels  carefully  adjusted.    The  stopcock  M  was  then  turned  so  the  line 
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between  K  and  M  and  the  gasometer  R  could  be  evacuated.  In  this  way 
the  excess  of  gas  remaining  in  the  gasometer  could  be  measured  by  col- 
lecting it  as  pumped  off  at  the  delivery  of  the  Tdpler  pump  and  its  vol- 
ume determined  in  a  gas  buret.  By  subtracting  this  volume,  corrected 
to  N.  T.  P.,  the  amount  of  nitrogen  in  the  quartz  tube  NP,  Fig.  2,  was 
known,  and  by  subtracting  from  this  value  the  nitrogen  in  the  previously 
determined  free  space  of  the  tube,  also  corrected  to  N.  T.  P.,  the  amount 
of  nitrogen  in  cc.  N.  T.  P.  adsorbed  at  250  and  atmospheric  pressure  was 


1      2      34     5      6     7     8     9     10   11    12    13    14 
Cc.  nitrogen  per  gram. 
Fig.  4. — Adsorption  isotherms  for  nitrogen  on  charcoals  at  25 °. 

determined.  By  a  series  of  evacuations,  and  collecting  and  measuring 
each  volume  of  gas  as  pumped  off,  and  subtracting  this  from  the  previous 
volume  of  gas  in  the  system,  the  amount  of  nitrogen  in  the  system  at 
several  pressures  could  be  measured.  Since  the  volume  of  the  system 
was  known  for  each  pressure,  the  volume  of  nitrogen  adsorbed  on  the 
charcoal  could  be  easily  calculated.  The  nitrogen  could  be  completely 
pumped  off  at  25  °.  A  typical  table  is  given  in  Table  2  as  an  example 
of  the  method  of  recording  results.    Fig.  4  represents  the  concentration 
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pressure  carves  for  nitrogen  as  plotted  from  the  data  obtained  with  the 
various  charcoals. 

Tablb  II. 
Adsorption  of  Nitrogen  by  A909  Es.  3. 


Cc  admitted. 
T.            P. 

Cc. 
N.T.P. 

Press. 

MntHg. 

Room 
temp. 

Vol.  system. 

* • »      Gas  in 

Bulb.      I4ne.  Sys.  N.T.P. 

Oas  on 

char. 

Ce.gas 

perg. 

75.89 

19.O 

760 

70.99 

760.O 

.... 

IO.66 

.... 

IO.66 

60.33 

946 

32.38 

195 

760 

30.2I 

2358 

19.8 

3  32 

2.58 

5  90 

2431 

384 

26.06 

195 

760 

2432 

186.O 

19.8 

2.67 

1.83 

450 

19.82 

3. II 

20.38 

19  5 

760 

I9.OI 

142.O 

20.0 

I  99 

1.26 

325 

1576 

2.48 

14  97 

195 

76o 

1397 

IOI.5 

20.0 

I.42 

O.80 

2.22 

11.75 

I.84 

11.96 

197 

760 

II.16 

80.O 

197 

1. 12 

O.60 

1.72 

9  44 

I.48 

8.62 

20.O 

760 

8.03 

489 

20.3 

O.69 

0.34 

x.03 

700 

I.  IO 

4.66 

20. 2 

760 

4-34 

21.7 

20.6 

O.3O 

O.I3 

o.43 

3-91 

O.61 

1.98 

20.2 

760 

1.84 

5-1 

20.3 

0.07 

0.03 

O.IO 

1-74 

O.27 

0.18 

20.3 

760 

0.17 

0.2 

20.6 

.... 

O.17 

O.03 

The  measurements  of  the  concentration  pressure  relation  with  carbon 
dioxide  were  made  in  exactly  the  same  way  as  those  with  the  nitrogen 
except  for  the  necessary  modifications  due  to  the  much  larger  amounts 
760 
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o      4     8   12    16  20  24  28  32  36  40  44  48  52  5660 
Cc.  COt  per  gram. 
Fig.  5- — Adsorption  isotherms  for  carbon  dioxide  on  charcoals  at  25°. 
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adsorbed.  This  necessitated  several  fillings  of  the  gasometer  R.  For 
the  admission  of  carbon  dioxide,  the  generator  was  sealed  to  the  apparatus 
shown  in  Fig.  3  at  H.  The  generator  was  furnished  with  a  mercury  valve 
immediately  before  a  stopcock  which  separated  it  from  the  rest  of  the 
system.  Carbon  dioxide  was  generated  and  allowed  to  escape  through 
this  valve  until  tests  showed  that  the  gas  was  completely  adsorbed  by  a 
caustic  potash  solution.  The  concentration  pressure  curves  obtained 
for  carbon  dioxide  on  the  different  charcoals  are  shown  in  Fig.  5.  It 
was  found  that  the  complete  removal  of  the  carbon  dioxide  from  the  char- 
coal at  the  temperature  of  adsorption  was  a  slow  and  tedious  process.  The 
gas  came  off  very  slowly  at  the  lowest  pressures,  as  much  as  8  cc.  per  g. 
of  charcoal  being  retained  by  one  of  the  charcoals  at  a  pressure  of  1 . 4  mm. 
Hg.  The  only  exception  to  this  was  in  the  case  of  the  German  charcoal, 
with  which  the  amount  adsorbed  per  g.  was  about  half  that  of  the  amount 
adsorbed  by  the  other  charcoals,  and  where  the  carbon  dioxide  was  readily 
pumped  off  at  25  °.  In  order,  therefore,  to  free  the  surface  from  adsorbed 
gas,  the  tube  was  immersed  in  a  tube  of  boiling  aniline  vapor.  It  was 
very  readily  possible  at  this  temperature,  184  °,  to  recover  completely 
the  amount  of  carbon  dioxide  originally  admitted. 

Admission  of  Water. 
To  admit  water  to  the  charcoal,  the  apparatus  shown  in  Fig.  1  was 
sealed  to  the  stopcock  M,  Fig.  2,  in  place  of  the  apparatus  used  for  the 
admission  of  the  gases.  The  preparation  of  the  water  for  use  has  been 
described  previously.  After  the  last  freezing  in  the  preparation,  the 
ice  in  T  was  allowed  to  melt  and  a  beaker  of  warm  water  was  placed 
around  the  bulb  containing  the  water.  Since  the  apparatus  was  filled 
only  with  water  vapor,  the  water  distilled  and  filled  the  tube  S,  which  had 
been  calibrated  with  a  thread  of  mercury  (o.  123  cc.  per  cm.  tube)  com- 
pletely to  the  stopcock  M.  A  scale — one  division =0.581  mm.,  was 
fastened  to  the  tube  S  and  in  this  way  the  amounts  of  water  admitted 
to  the  charcoal  could  be  directly  read  to  0.007  cc.  and  estimated  one 
place  farther.  Since  the  adsorption  was  to  be  measured  at  250,  which 
is  several  degrees  higher  than  ordinary  room  temperature,  means  had 
to  be  provided  to  prevent  distillation  from  the  charcoal  to  the  line  which 
was  in  the  air  above  the  thermostat.  At  first,  heating  by  means  of  a 
Nichrome  wire  wound  around  that  part  of  the  line  was  tried,  a  small  cur- 
rent, which  was  sufficient  to  keep  the  line  at  about  30  °  as  determined  ex- 
perimentally, being  passed  through  the  wire.  Later  it  was  found  to  be 
more  convenient  to  raise  the  room  temperature  to  2  7-30  °,  thereby  re- 
moving this  difficulty.  This  necessitated  the  cooling  of  the  thermostat 
by  means  of  ice.  It  was  customary  to  cool  the  bulb  to  10-15  °,  causing 
more  rapid  distillation  from  the  line  to  the  charcoal,  and  then  allowing 
the  temperature  to  slowly  rise.    The  pressure  was  read  when  the  tern- 
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perature  reached  25  °.  As  this  pressure  approached  that  of  water  at 
25°>  23-5  nun.,  it  was  sometimes  necessary  to  repeat  this  cooling  be- 
fore the  pressure  would  remain  constant.    It  frequently  required  3  to  5 
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hours  for  equilibrium  to  be  reached.  The  curves  of  concentration  pressure 
of  water  on  the  various  charcoals  are  shown  in  Fig.  6.  A  typical  table  of 
experimental  data  is  also  appended  in  Table  III : 

Tablb  III. 

Adsorption  of  Water  by  English  Charcoal  at  25  °. 

Cc.  of  water         Pressure  Room 

admitted.  mm.  Hg.  temp. 

0.0357  IO-2  27.8  O.OOOI5 

0.0743  l2    l  29  2  O.OOOI5 

O.1458  I3-B  29.6  O.OOOI7 

O.2886  17  2  30.4  O.OOO26 

O.4314  19-8  29.4  O.OOO30 

O.5742  21.2  29.6  O.OOO32 

O.7184  22.4  30.2  O.OOO34 

O.8262  22.6  30.3  O.OOO34 

I.OO47  23.4  29.9  O.OOO36 

Discussion. 
A  consideration  of  these  data  on  adsorption  shows  that  the  isotherms 
obtained  for  nitrogen  and  carbon  dioxide  on  the  various  charcoals  are 
of  the  same  general  form  as  previously  obtained  by  other  investigators, 
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0.2883 
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0.2247 

0.4311 

0.4295 

0.3360 

0.5739 

0.5720 

0.4473 
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0.5595 
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i.  e.9  Homfray,1  TitofF,*  Travers,1  Baerwald.4  Furthermore,  the  quanti- 
ties adsorbed  do  not  vary  much  among  themselves  for  equal  weights  of 
the  various  charcoals,  except  for  the  specially  treated  German  charcoal. 
A  slightly  larger  adsorptive  capacity  for  nitrogen  and  carbon  dioxide  was 
noticed  for  the  finely  divided  A909  than  for  the  large  grained  sample. 
This  is  taken  to  indicate  that  the  increase  in  surface  due  to  pulverizing 
the  charcoal  was  small,  less  than  8%,  in  comparison  with  the  total  avail- 
able surface  present  in  the  larger  grained  material. 

In  Table  IV  there  are  given  the  amounts  of  nitrogen  and  carbon  dioxide 
adsorbed  by  one  cc.  of  the  different  charcoals,  at  25  °  and  760  mm.,  to- 
gether with  their  service  times.  It  is  necessary  to  use  equal  volumes 
of  the  charcoals  for  this  comparison  with  the  service  time,  as  this  latter 
test  is  made  on  a  constant  volume  of  charcoal.  This  can  be  obtained 
by  multiplying  the  volume  adsorbed  per  gram  charcoal  by  the  apparent 
density  of  the  charcoal.  It  is  very  readily  seen  from  this  table  that  there 
is  no  relation  between  the  capacity  for  a  charcoal  to  adsorb  a  gas,  as  nitro- 
gen or  carbon  dioxide,  and  its  service  time. 

Tabus  IV. 

Cc.  N.  T.  P.  per  cc.  of  charcoal. 

. ■ »  Minutes 

Nj.  COt.  service. 

A909 4-97  26.53  17  3 

Nda 4.89  25.04  53  5 

English 1.29  6.21  8.8 

German 1.01  7.35  60.2 

In  the  exponential  formula,  q  =  a.px/H,  for  adsorption  isotherms,  Titoflf5 
found  that  the  value  of  n  is  very  close  to  unity  for  gases  which  at  ordinary 
temperatures  may  be  called  "perfect  gases"  and  that  it  increases  in  value 
for  gases  of  increasingly  high  critical  temperatures.  This  would  give 
approximately  a  straight  line  to  the  isotherms  of  the  perfect  gases  and 
the  curves  would  become  more  and  more  concave  to  the  pressure  axis 
for  gases  with  increasingly  higher  critical  temperatures.  If  this  generality 
could  be  applied  even  to  cases^where  the  measurements  were  made  on  a 
vapor  which  could  exist  normally  as  a  liquid  under  the  conditions  of  the 
measurements,  as  water  in  our  experiments,  we  should  expect  that  the 
isotherm  for  water  would  be  very  much  more  concave  to  the  pressure 
axis  than  that  for  carbon  dioxide.  However,  the  curves  obtained  for 
water  are  of  a  form  exactly  opposite,  that  is,  they  are  concave  to  the  con- 
centration axis. 

Charcoal,  being  of  a  porous  nature,  besides  presenting  enormous  sur- 
1  Homfray,  Z.  physik.  Chem.,  74,  129  (1910). 
1  Titoflf,  ibid.,  74,  641  (1910). 

•  Travers,  Proc.  Roy.  Soc.t  78,  9  (1907). 
4  Baerwald,  Ann.  Physik.,  33,  90  (1907)- 

•  Loc.  tit. 
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face  and  accordingly  having  high  adsorptive  capacity,  also  offers  the  op- 
portunity of  capillary  action,  especially  to  the  vapor  of  a  liquid  which  has 
as  high  a  surface  tension  as  water.  The  isotherms  for  water  must,  there- 
fore, be  taken  to  show  that  in  this  case  the  capillary  action  is  greater  than 
the  surface  attraction  of  adsorption,  since  they  are  just  what  would  be 
expected  from  the  assumption  that  water  was  taken  up  predominatingly 
by  capillary  action.  In  this  case,  the  smaller  capillaries  would  be  filled 
first  since  they  would  give  the  lower  vapor  pressures.  The  smaller  the 
diameter  of  the  capillaries,  the  more  rapidly  would  they  be  filled  by  a 
given  amount  of  water  and  so  the  pressure  would  increase  more  rapidly 
at  first  in  relation  to  the  concentration  than  when  the  capillaries  were  of 
a  larger  diameter.  This  would  satisfactorily  explain  the  concavity  to 
the  concentration  axis  obtained  for  the  isotherms  for  water. 

A  further  indication  that  water  vapor  is  not  adsorbed,  but  absorbed,  by 
charcoal  is  given  by  the  comparison  of  the  ratios  of  nitrogen,  carbon  di- 
<«ide,  and  water  taken  up  per  g.  of  the  various  charcoals.  These  ratios 
are  for  A909,  Nela,  English  and  German  charcoals,  respectively,  1:5.3: 
'9-9;  *  :  50  :  54.2;  1  :  4.8  :  98.1;  and  1  :  7.4  :  226.4.  Itisseen  that 
while  there  is  more  or  less  regularity  between  the  ratios  of  nitrogen  and 
carbon  dioxide,  the  water  varies  between  the  wide  limits  of  29 . 9  and  226 . 4. 
This  must  surely  mean  that  if  charcoal  adsorbs  gases,  it  does  not  adsorb 
water  vapor,  but  that  this  is  a  different  phenomenon,  which  may  be 
called  absorption. 

A  quite  pronounced  break  can  be  seen  in  the  isotherms  for  water  on 
the  different  charcoals,  with  the  exception  of  the  finely  divided  A909. 
In  a  study  on  the  "adsorption"  of  water  by  silica  gel,  Anderson1  obtained 
a  similar  break.  He  seems  justified,  from  his  later  work  on  the  study  of 
the  velocity  of  adsorption,  to  conclude  that  this  break  marks  the  inter- 
section of  2  phenomena,  the  first  smooth  part  of  the  curve  represents 
the  taking  up  of  water  vapor  by  capillary  action,  the  break  occurs  only 
when  the  capillaries  have  filled  up  and  the  further  increase  in  vapor  pressure 
is  due  merely  to  the  flattening  of  the  meniscus  at  the  ends  of  the  capil- 
laries. 

Anderson  developed  in  his  paper  a  formula  which  can  be  used  for  the 
calculation  of  the  diameters  of  the  capillaries  from  the  vapor  pressure 
measurements.  By  means  of  this  formula,  it  is  also  possible  to  calculate 
the  surface  of  the  charcoal  since  the  volume  of  each  size  capillary  can  be 
obtained  directly  by  reference  to  the  concentration  axis.    The  formula  is 

_    2 T.Sp  .04343 
7  —  

d.p0.log(po/pi) 
where  r  =  radius  of  the  capillary;  T  =  surface  tension  in  dynes  per  cm. 
1  Anderson,  Z.  physik.  Chem.,  88,  191  (1914). 
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at  25  °  =  72 .  i ;  s0  =  vapor  density  of  water  v^por  above  water  at  25 °  = 
22.75  X  io~«;  d  =  density  of  water  at  25 °  =  0.99707;  pQ  =  vapor 
pressure  in  dynes  of  water  at  25  °  =  23.517  X  13. 534  X  980.1  =  31.20  X 
io4;  and  pi  =  the  vapor  pressure  in  the  capillary. 

The  lowest  pressure  measured  in  our  experiments  was  2.3  mm.  on  the 
Nela  charcoal  when  16  mg.  of  water  had  been  absorbed  per  g.  of  charcoal. 
This  corresponds  to  a  capillary  diameter  of  9.1  X  io~8  cm.  A  vapor 
pressure  of  one  mm.  represents  a  pore  with  a  diameter  of  6.7  X  io~8 
cm.  In  Table  V  are  listed  the  smallest,  largest  and  mean  diameters  of 
the  capillaries  in  each  charcoal,  as  calculated  from  this  equation,  together 
with  the  surface  as  calculated  by  applying  this  formula  as  indicated  above. 

Tabu*  V. 

Capillary  diameters.  Cal.  surface. 

Smallest.  Largest.  Mean.  Per  g.  Per  cc. 

Cm.  Cm.  Cm.  M.  M. 

A909 6.7  X  io"8  4.1  X  io~7  2.8X10""'  230"1  130"* 

Nela 6.7X10  5.5X10  3.7X10  440  200 

English 1 .6  X  10  1.9X10  8.3  X  10  300  40 

German 2.0X10  1.3  X  10  9.5X10  160  40 

Lamb,  Wilson,  and  Chaney1  have  estimated  that  the  surface  of  one  g. 
of  an  activated  charcoal  is  about  1000  square  meters,  which  from  our 
data  would  appear  to  be  too  great.  Recently  A.  M.  Williams,1  in  de- 
veloping a  new  interpolation  formula  for  the  adsorption  of  gases,  was 
able  to  calculate  that  the  surface  of  the  charcoal  used  by  Dr.  Ida  F.  Horn- 
fray8  was  131  square  meters,  which  agrees  well  with  the  values  we  have 
obtained,  especially  when  one  considers  that  this  was  a  pre-war  product 
and  not  activated.  With  a  surface  of  the  magnitude  given  by  our  cal- 
culations, adsorption  of  nitrogen  and  carbon  dioxide  at  ordinary  tem- 
peratures and  to  pressures  as  high  as  atmospheric  could  well  be  in  a  mono- 
molecular  layer,  such  as  is  characterized  as  true  adsorption  by  Langmuir,4 
since  50  cc.  of  carbon  dioxide  at  N.  T.  P.  would  occupy  in  a  monomolec- 
ular  layer  a  surface  of  less  than  150  square  meters.  Also  the  fact  that, 
while  the  differences  in  the  calculated  surfaces  of  A909,  Nela,  and  English 
charcoals  is  considerable,  there  is  not  a  corresponding  difference  in  the  ad- 
sorption of  the  gases,  this  would  make  the  concept  of  "elementary  spaces" 
postulated  by  Langmuir8  necessary.  The  difference  in  the  adsorptive 
capacity  of  a  given  charcoal  for  nitrogen  and  carbon  dioxide  would  then 
depend  solely  on  the  difference  in  "time-lag"  of  the  condensation  evapora- 
tion process  of  adsorption. 

Since  it  has  been  shown  that  the  taking  up  of  water  vapor  is  a  different 
1  Lamb,  Wilson  and  Chaney,  /.  Ind.  Eng.  Chem.,  n,  430  (1919). 

*  Williams,  Proc.  Roy,  Soc.,  96A,  287  (1919). 

•  hoc,  cit. 

4  Langmuir,  This  Journal,  40, 1361  (191 8). 
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phenomenon  from  adsorption,  it  is  interesting  to  see  whether  there  is  any  re- 
lation between  this  phenomenon,  absorption,  and  service  time.  The  neces- 
sary data  for  this  comparison  is  collected  in  Table  VI.  In  this  table  the 
per  cent,  weight  of  chloropicrin  held  by  the  charcoal  at  the  break  point, 
the  saturation  point,  and  the  "retentivity"  point  are  calculated  to  volume 
of  chloropicrin.  The  retentivity  signifies  the  amount  of  chloropicrin  left 
in  the  charcoal  on  reversing  the  test  until  no  trace  of  chloropicrin  can  be 
detected  in  the  effluent  air.  The  density  of  chloropicrin  at  25  °  has  been 
taken  to  be  1.651,  the  density  determined  at  the  American  University 
being  df  =  1.6539. 

Tablb  VI. 

Vol.  chloropicrin  in  cc.  at.  Vol.  capillaries  per  g. 

Break.  Saturation.       Retentivity.  Total.       At  break  in  curve 

A909 O.0884  O.1762  O.0806  O.2728  O.1735 

Nela 0.2948  0.4406  0.3083 

English 01.938  0.3967  0.0696  0.7828  0.6435 

German 0.6561  0.8174  0.1726  0.8543  0.4948 

Here,  also,  we  see  no  relation  between  service  time  and  capillary  action. 
Further,  there  does  not  appear  to  be  any  relation  between  the  volume 
of  the  capillaries  and  retentivity  or  saturation,  except  as  might  be  ex- 
pected the  saturation  occurs  in  each  case  before  the  capillaries  were  com- 
pletely filled,  due  to  the  fact  that  the  lower  layers  of  charcoal  had  not  yet 
reached  saturation. 

This  complete  lack  of  quantitative  relation  between  service  time  with 
the  phenomena  of  adsorption  and  absorption  is  not  startling.  The  test, 
as  developed,  was  only  empirical  and  such  factors  as  size  of  mesh  of  the 
sample  and  resistance  to  the  passage  of  air  were  known  to  have  a  marked 
influence  on  the  service  time.  It  is  this  ''sieve  effect"  of  removing  the 
vapors  from  the  air  that  is  the  uncertain  and  indeterminate  factor  in  the 
minutes  service  that  a  charcoal  can  give.  We  know  of  no  other  phe- 
nomena, however,  which  can  explain  the  mechanism  of  this  removal  of 
gases,  or  vapors,  of  high  critical  temperature  from  those  of  much  lower, 
than  adsorption  and  absorption.  We  must  conclude,  therefore,  that 
both  of  these  phenomena  are  probably  involved  in  the  determination  of 
*rvice  time,  and,  from  our  work  on  the  absorption  of  water  vapor,  that 
capillary  action  predominates  over  the  influence  of  unmodified  surface 
action  or  adsorption. 

Conclusions. 

1.  No  relation  between  service  time  and  adsorption  of  a  gas,  as  nitrogen 
or  carbon  dioxide,  by  various  charcoals  has  been  found  to  exist. 

2.  Measurements  of  the  adsorption  of  these  gases  by  charcoals  have 
shown  that,  according  to  the  original  preparation  of  the  charcoal,  the  ad- 
swptive  capacity  per  gram  of  charcoal  at  25  °  and  760  mm.  may  vary  as 
much  as  100%. 
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3.  It  has  been  shown  that  the  adsorption  of  nitrogen  and  carbon  di- 
oxide by  charcoal  may  be  considered  to  be  in  a  condensed  layer  one  mole- 
cule deep. 

4.  Measurements  of  the  isothermal  adsorption  of  water  vapor  by  char- 
coal at  25  °  show  that  water  is  not  adsorbed  by  charcoal  but  is  held  by 
capillary  action,  u  e.t  is  absorbed. 

5.  Using  Anderson's  formula  connecting  the  radius  of  a  capillary  with 
vapor  pressure,  the  mean  diameters  of  the  capillaries  of  the  4  charcoals 
used  have  been  calculated  and  have  been  found  to  vary  between  2 .8  X 
io"7  cm.  and  9.2  X  io~7  cm.  The  maximum  diameter  in  any  of  the 
charcoals  was  determined  to  be  1 .3  X  io~*  cm. 

6.  By  means  of  this  same  formula  and  the  isothermals  for  water,  the 
surfaces  of  the  various  charcoals  were  found  to  vary  from  160  square  meters 
to  436  square  meters  per  gram  of  charcoal. 

7.  It  was  pointed  out  that  this  variation  in  surface  was  not  always  ac- 
companied by  a  corresponding  variation  in  adsorptive  capacity.  This 
makes  the  concept  of  "elementary  spaces"  as  postulated  by  Langmuir 
necessary. 

8.  No  relation  between  the  service  time  of  the  different  charcoals 
with  the  volume  of  the  capillaries  was  found.  The  same  was  true  for  the 
saturation  point  and  the  retentivity  of  these  charcoals.  This  lack  of  rela- 
tion must  indicate  that  other  indeterminate  factors  must  influence  largely 
the  minute  service  of  a  charcoal;  i.  e.f  the  2  phenomena,  adsorption  and 
capillary  action  are  insufficient  in  themselves  to  explain  this  test. 

P*ntc»Toif,  N.  J. 


[Contribution  prom  the  Laboratory  op  Physical  Chemistry,  Princeton 

University.] 

STUDIES  IN  THE  ADSORPTION  BY  CHARCOAL. 

H.  RELATION  OF  OXYGEN  TO  CHARCOAL. 

By  H.  H.  Lowry  and  G.  A.  Hulbtt. 

Received  March  29,  1920. 

De  Saussure,1  in  one  of  the  first  quantitative  measurements  of  adsorp- 
tion by  charcoal,  was  unable  to  obtain  results  for  oxygen  because  it  alone 
of  the  gases  would  not  apparently  come  to  equilibrium  even  after  a  year. 
This  anomalous  behavior  in  the  adsorption  of  oxygen  by  charcoal  has 
been  largely  overlooked  by  recent  investigators  though  previously  recog- 
nized and  recorded  by  R.  Angus  Smith,1  who  found  that  the  adsorption 
of  oxygen  continued  for  at  least  a  month,  though  this  was  not  true  for 
hydrogen,  nitrogen  or  carbon  dioxide;  and  that,  when  it  was  sought  to 
remove  the  oxygen  by  heat,  carbon  dioxide  was  given  off  in  place  of 

1  De  Saussure,  GUb.  Ann.,  47,  113  (1814). 

1  R.  A.  Smith,  Proc.  Roy,  Soc.,  12,  424  (1863). 
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oxygen,  by  H.  Kayser,1  who  found  that  the  adsorption  of  oxygen  had  not 
reached  an  end  after  two  weeks;  and  by  J.  Bohm,'  who  found  that  nitro- 
gen absorbed  by  charcoal  could  be  completely  removed  but  that  oxygen 
could  be  only  partly  removed  "even  by  boiling  water." 

However,  in  the  exhaustive  work  on  adsorption  by  Dr.  Ida  P.  Homfray,1 
as  in  that  of  Baerwald4  and  in  that  of  Lemon,5  no  such  peculiarities  in  the 
behavior  of  oxygen  were  noticed.  Dr.  Homfray  obtained  equilibrium 
with  the  various  gases  in  from  a  few  minutes  to  l/%  hour,  depending  on 
the  temperature,  and  so  apparently  missed  this  peculiar  effect  first  re- 
corded by  De  Saussure.  These  later  investigators  also  were  not  concerned 
with  the  recovery  of  the  adsorbed  gases  as  such,  so  they  did  not  observe 
the  second  peculiarity  mentioned  by  Smith,  i.  *.,  the  fact  that  the  oxygen 
may  be  recovered  only  partly  as  oxygen,  the  rest  being  recovered  only  as 
oxides  of  carbon. 

In  our  work  on  the  adsorptive  power  of  the  war  charcoals  we  noticed 
this  singular  difficulty  of  obtaining  equilibrium  with  oxygen.  Further- 
more, in  attempting  to  determine  the  moisture  and  gas  content  of  these 
charcoals,6  it  was  noticed  that  gases  continued  to  be  given  off  to  a  vacuum 
as  the  temperature  was  raised.  Up  to  900  °,  these  gases  consisted  almost 
entirely  of  carbon  dioxide  and  carbon  monoxide,  the  first  predominating 
at  the  lower  temperatures  and  the  latter  at  the  higher.  At  about  iooo°, 
carbon  dioxide  and  monoxide  practically  ceased  to  be  obtained.  Above 
10000  hydrogen  began  to  be  more  noticeable  and  to  come  off  in  increasingly 
large  quantities  as  the  temperature  was  raised.  The  hydrogen  was  pre- 
sumably from  hydrocarbons  undecomposed  in  the  original  preparation 
of  the  charcoals. 

When  a  charcoal  has  been  thoroughly  "outgassed"  at  9000  to  10000 
and  allowed  to  cool  to  room  temperature  in  a  vacuum  and  gases  admitted, 
it  was  found  possible  to  recover  completely  such  gases  as  hydrogen, 
nitrogen,  and  carbon  monoxide  at  room  temperature,  though  the  rate  at 
which  they  could  be  collected  in  a  Topler  pump  was  increased  by  raising 
the  temperature;  90%  of  the  carbon  dioxide  could  be  recovered,  and 
smaller  percentage  of  the  water,  at  room  temperature,  but  both  could  be 
quantitatively  obtained  at  184 °  (aniline  b.  p.)  as  rapidly  as  possible  to 
collect  them  with  a  Topler  pump  for  the  carbon  dioxide  and  with  a  con- 
denser cooled  with  solid  carbon  dioxide  for  the  water. 

However,  when  oxygen  was  admitted  and  allowed  approximately  to 
come  to  equilibrium,  only  about  half  was  recovered  by  evacuating  at 
1 H.  Kayser,  Wied.  Ann.,  12,  526  (1881). 
1  J.  Bdhm,  BoL  Z.,  1883,  32-34- 
a  P.  Homfray,  Z.  physik.  Chent.,  74,  129  (19 10). 
4  Baerwald,  Ann.  Physik,  23,  90  (1907). 

*  Lemon,  Phy.  Rev.,  [2]  14,  281,  394  (1919). 

•  C.  W.  S.  Reports,  Sept.-Dec.,  1918. 
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room  temperature  and  only  traces  on  increasing  the  temperature  to  184  °9 
though  on  again  cooling  to  room  temperature  and  again  admitting  oxygen, 
this  second  lot  was  readily  recovered.  Therefore  attempts  were  made 
to  recover  completely  this  oxygen,  which  had  apparently  disappeared, 
by  increasing  the  temperature  still  further,  and  soon  carbon  dioxide  and 
monoxide  began  to  appear,  but  not  until  a  temperature  of  900 °  to  iooo° 
was  again  readied  was  all  the  oxygen  recovered  and  then  not  as  oxygen 
but  as  these  oxides  of  carbon.  We  have  interpreted  this  to  indicate  that 
there  were  here  2  phenomena,  adsorption  and  "fixation"  or  "combina- 
tion" of  the  oxygen  with  the  charcoal.  The  adsorbed  oxygen  was  re- 
garded as  that  which  was  recoverable  by  evacuating  at  room  tempera- 
ture, and  the  "fixed"  oxygen  that  which  was  recovered  only  as  the  oxides 
of  carbon  at  higher  temperatures. 

These  facts  led  us  to  a  more  thorough  investigation  of  this  fixation  of 
6xygen  by  charcoal,  both  as  to  the  length  of  time  necessary  to  reach  satura- 
tion and  also  as  to  the  amounts  of  oxygen  which  could  be  held  in  this 
way  by  the  charcoal.  For  this  purpose  we  used  3  samples  of  war  charcoal 
described  in  the  preceding  paper  as  A909,  English,  and  German.  Their 
moisture  and  adsorbed  gas  contents  were  known,  and  the  samples  were 
kept  in  carefully  stoppered  bottles. 

Experimental. 

A.  Determination  of  Equilibrium  of  Charcoal  and  Oxygen  at  250  and 
760  mm. — For  this  purpose,  3  bulbs  of  about  25  cc.  capacity  each  were 
filled  with  the  above  named  charcoals  and  each  was  sealed  to  a  line  which 
led  either  to  a  T6pler  pump  or  to  a  buret  containing  pure  electrolytic 
oxygen.  Each  bulb  was  separated  individually  from  the  line  by  a  one- 
way stopcock,  and  during  the  measurements  was  kept  immersed  in  a 
thermostat  at  25 °  =*=  o.i°.  As  a  preliminary  treatment,  the  samples 
were  thoroughly  freed  from  adsorbed  gases  by  outgassing  at  1840,  leav- 
ing in  them,  however,  the  fixed  oxygen  they  originally  contained.  When 
the  bulbs  had  been  cooled  in  the  thermostat,  oxygen  was  admitted  at 
760  mm.  by  a  constant  pressure  arrangement.  From  the  temperature 
of  the  buret,  the  amount  of  oxygen  admitted  to  the  bulb  was  reduced, 
directly  to  N.  T.  P.  After  the  first  correction  for  the  dead  space  in  the 
bulb,  the  amount  taken  up  each  time  was  divided  by  the  weight  of  the 
moisture  and  gas-free  sample,  reducing  the  results  to  cc.  of  oxygen  per  g. 
of  sample. 

Fresh  oxygen  was  admitted  from  time  to  time  and  the  amounts  re- 
corded. At  the  end  of  the  first  100  hours,  when  the  amounts  of  oxygen 
taken  up  at  successive  intervals  were  becoming  less,  each  sample  was 
evacuated  thoroughly  at  25  °.  In  no  case  was  the  amount  of  oxygen 
originally  admitted  recovered.  In  some  cases  traces  of  carbon  dioxide 
and  carbon  monoxide  were  found  in  the  gases  collected.    Since  the  sam- 
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pies  were  largely  oxygen,  it  was  thought  possible  that  the  small  amounts 
of  carbon  monoxide  were  from  the  alkaline  pyrogallate  used  to  absorb 
the  oxygen.  Oxygen  was  then  admitted  and  its  course  followed.  This 
was  repeated  until  equilibrium  was  reached.  This  was  most  quickly 
reached  by  the  English  charcoal  at  the  end  of  1600  hours  or  66  days, 
while  the  German  charcoal  took  just  about  twice  this  length  of  time. 
The  data  is  presented  in  the  form  of  curves  as  shown  in  Figs,  i,  2  and  3. 


A  909 


1     «      1 1 


1     ■      i     «..*■* 


o   150300      600        900       1200      1500      1800      2x00      2400      2700    3000 

Time  in  hours. 
Fig.  1. — Adsorption  and  fixation  of  oxygen  at  25  °  and  760  mm.  by  A909  charcoal. 

It  will  be  noticed  that  we  really  have  2  curves  from  each  series  of  mea- 
surements. The  upper  curve  represents  in  each  case  the  total  amount  of 
oxygen  taken  up  at  25 °  and  760  mm.,  while  the  lower  dotted  curve  repre- 
sents that  which  cannot  be  obtained  by  evacuation  at  25  °.  It  is  also 
apparent  that  the  slopes  of  the  2  curves  are  very  similar.  From  our 
previous  experience,  we  are  led  to  the  conclusion  that  the  lower  curve 
represents  the  rate  of  saturation  of  the  charcoal  by  what  we  have  called 
"fixed"  oxygen,  and  that  the  upper  curve  is  the  sum  of  2  effects,  true  ad- 
sorption and  fixation.  Since  this  is  the  case,  it  can  readily  be  seen  that 
the  long  time  necessary  to  reach  equilibrium  is  due  to  this  fixation  and 
that  the  true  adsorption  of  oxygen  by  charcoal  occurs  as  rapidly  as  for 
other  ga9es. 

These  measurements  have,  therefore,  shown  not  only  that  the  equi- 
librium between_oxygen  and  charcoal  is  attained  only  after  months  of 
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Pig.  2. — Adsorption  and  fixation  of  oxygen  at  25  °  and  700  mm.  by  English  charcoal. 

contact,  but  also  that  the  cause  of  this  is  the  presence  of  2  effects,  true 
adsorption  and  "fixation." 


200  400 
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3000 


4000 


2000 
Time  in  hours. 
Fig.  3. — Adsorption  and  fixation  of  oxygen  at  25 °  and  760  mm.  by  German  charcoal. 

B.  Determination  of  Total  "Fixed"  Oxygen. — In  order  to  obtain  all 
the  fixed  oxygen  from  charcoal,  it  seemed  necessary  only  to  heat  the  sam- 
ple in  a  vacuum,  after  first  removing  all  the  adsorbed  gases  and  vapors, 
and  to  collect  and  analyze  the  evolved  gases.  The  carbon  dioxide  and 
monoxide  are  calculated  to  cc.  of  oxygen,  N.  T.  P.,  per  g.  of  charcoal.    The 
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procedure  first  adopted  was  as  follows:  the  charcoal  was  heated  in  a  fused 
quartz  tube  in  an  aniline  bath  and  thoroughly  outgassed,  then  in  a  Ni- 
chrome  resistance  furnace  to  1050  °.    Gases  continued  to  be  slowly  given 
off  for  several  hours  at  this  temperature  and  still  contained  small  per- 
centages of  the  oxides  of  carbon. 
Since  even  at  this  temperature 
the  charcoal  acted  on  the  fused 
quartz,  we  suspected  that  we 
were  not  getting  the  true  oxygen 
content  of  the   charcoal.    We 
observed  that  the  inner  surface 
of  the  tube  was  markedly  etched 
and  suspected  the  reduction  of 
the  silica  to  a  sub-oxide  so  that 

some  of  the  oxides  of  carbon  " —  — 

might  well  have  been  from  this 

reduction.    In  view  of  this  situa-  lg'  4' 

tion,  it  seemed  necessary  to  devise  a  method  which  would  obviate  these 
difficulties  and  allow  us  to  go  to  still  higher  temperatures. 

The  development  of  the  high  frequency  induction  furnace  by  E.  F. 
Northrup1  seemed  to  offer  a  means  of  solving  our  difficulties.    The  com- 
pactness of  the  apparatus  afforded  by  this  method  of  heating  was  recog- 
Jnized  to  be  one  of  its  many  advantages  over  other  forms 
______        of  electrical  heating.     Using  this  method  of  heating,  we 

have  found  it  possible  to  heat  charcoal  in  a  platinum 

cup  supported  in  a  quartz  vacuum  tube,  keeping  the 

I    r-if  quartz  at  a  low  temperature  even  when  the  cup  and 

5i  charcoal  were  at  1400  °.    In  this  way  the  possibility  of  a 

-J  leak  through  hot  quartz  and  reduction  of  the  silica  to  a 

sub-oxide  were  prevented. 

The  apparatus  designed  for  this  experimental  work  is 

shown  in  Fig.  5.     It  consists  primarily  of  a  fused  quartz 

tube,  T,  25  cm.  long  and  2 . 5  cm.  outside  diameter,  with 

a    side    tube,    S,    connected  to    a    glass    tube  by    a 

de  Ehotinsky  joint  leading  to  a  Tdpler  pump  through  a 

phosphorus  pentoxide  tube,  P.    The  upper  end  of  the 

quartz  tube  was  closed  by  an  optically  clear  piece  of  fused 

quartz ;  and  the  lower  end  by  a  stopper  of  Pyrex  glass  with 

**Si*  5.  a  ground  joint,  which  also  served  indirectly  as  a  support 

for  a  platinum-rhodium  crucible,  X.    The  crucible  was  3.5  cm.  long  and 

1.5  cm.  in  diameter  and  had  a  platinum  pin  riveted  to  the  bottom.    This 

pin  fitted  in  a  fine  porcelain  tube,  C,  which  in  turn  was  held  in  the  Pyrex 

1  Northrup,  Trans.  Am.  Electrockem.  Soc.t  35,  69  (1919). 
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support.  In  order  to  prevent  radiation  downwards,  a  porcelain  disk,  R, 
was  fastened  to  the  small  porcelain  tube.  The  crucible  served  as  the 
resistor  and  was  rapidly  heated  by  the  induced  currents  from  the  primary. 
When  the  charcoal  was  heated  it  also  became  a  conductor  and  so  could 
be  directly  heated  by  the  induced  currents.  The  primary  was  a  coil  of 
flat,  copper  tubing  (Fig.  4),  the  inside  diameter  of  which  was  3 .6  cm.  and 
the  height  15  cm.  The  coil  was  kept  cool  by  passing  a  stream  of  add 
water  through  the  tubing,  and  the  proximity  of  this  coil  to  the  walls  of 
the  quartz  vacuum  tube  kept  the  quartz  at  a  low  temperature  in  spite 
of  the  radiation  from  the  platinum  crucible. 

For  measuring  the  temperature  of  the  charcoal,  a  Leeds  and  Northrup 
optical  pyrometer  of  the  Morse  type  was  used.  This  was  calibrated 
against  a  standard  thermocouple  between  800  °  and  14000.  Since  the  tem- 
peratures were  to  be  measured  optically,  black  body  conditions  had  to 
be  obtained.  This  was  done,  as  is  shown  in  the  cut,  by  placing  a  very 
thin,  platinum  truncated  cone  over  the  top  of  the  crucible  to  minimize 
the  radiation  from  the  surface;  and  then  a  platinum  tube  of  very  thin 
foil  of  o.  4  cm.  diameter  was  placed  in  the  center  of  the  sample  and  focusing 
was  made  on  the  surface  of  the  charcoal  at  the  bottom  of  this  tube. 

The  procedure  in  making  a  determination  was  as  follows:  The  crucible 
was  filled  with  a  known  weight  of  charcoal  and  the  apparatus  assembled 

as  described.  The  heater  shown  in  Fig.  6,  con- 
taining naphthalene  (b.  p.  218°),  was  placed 
around  the  quartz  tube  and  the  lower  end  stop- 
pered and  covered  with  mercury.  The  naph- 
thalene was  then  brought  to  boiling  and  the 
vapors  allowed  to  condense  to  C  above  the  posi- 
tion of  the  platinum  crucible.  During  the  heat- 
ing the  charcoal  was  continually  outgassed  by 
means  of  the  Tapler  pump  and  this  gas,  being 
regarded  as  adsorbed  gas,  discarded.  Then  the 
naphthalene  bath  was  replaced  by  the  primary 
coil  of  the  induction  furnace  and  the  charcoal 
heated  rapidly.  All  the  gas  was  collected  by 
the  Topler  pump  and  was  stored  in  a  large  gas  buret  over  mercury  and  a 
sample  of  this  analyzed. 

A  preliminary  run  was  made  on  the  A909  in  order  to  determine  at  what 
temperature  the  oxides  of  carbon  ceased  to  be  obtained.  The  results  of 
this  experiment  are  shown  in  Table  I. 

They  show  that  the  amounts  of  oxygen  remaining  combined  with  the 
charcoal  above  11800  are  extremely  small  and  could  be  neglected.  It 
seemed  important  to  see  what  gases  could  be  obtained  at  still  higher  tem- 
peratures, however,  and  so  in  2  of  the  experiments  the  temperature  was 


Fig.  6. 
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raised  to  14000.  The  gas  at  these  high  temperatures  was  more  than 
99%  hydrogen  and  was  slowly  decreasing  in  amounts  obtained  as  the  tem- 
perature was  raised. 

Table  I. 

Cc.  per  g.  Fixed 

Total  gas.  Time  of  * • *~        oxygen. 

Cc.  per  g.     Temp,  limits.        heating.  CO*.        CO.  Hi.        CH4.      Cc.  per  g. 

I....     36.4a        200-1000°      2      hrs.        4.66    23.40      8.32    0.04       16.36 

II....      17.60       1000-11800       2l/*hrs.         0.08      0.53     16.93     0.06        0.35 

III 4.78       1180-12600       iVihrs.         0.00      0.07       4.76    0.04        0.03 

Since  the  object  of  this  part  of  the  work  was  to  obtain  quantitatively 
the  amount  of  oxygen  capable  of  being  fixed  by  charcoals,  after  standard- 
ization of  the  method  with  ordinary  A909,  the  determinations  were  made 
on  the  3  samples  which  had  been  saturated  in  pure  electrolytic  oxygen. 
The  results  obtained  are  presented  in  Table  II.  In  this  table  are  first 
given  the  results  from  2  successive  runs  on  two  samples  of  A 909  in  order 
to  get  some  idea  as  to  the  reproducibility  of  the  results.  Considering  that 
charcoal  is  not  a  pure  substance,  the  agreement  is  regarded  as  very  good 

Table  II. 

Total  gas.  Cc.  N.  T.  P.  per  g.  Fixed  O*  per  g 

Cc.  per  g.      Maximum       Time  of         * * *—    *  * *— 

(N.  T.  P.)        temp.  heating.        CO*.       CO.  Hs.         CH4.  Cc.  N.  T.  P.  Wt.  %. 

A909  (1)  54-99  noo°  *  50  2x/\  hrs.  5.19  22.11    27.57  0.12  16.25  2.32 

A909  (2)  58.89  12600            5V4  hrs.  4.74  24.00    30.01  0.14  16.74  2-39 

(0,»t.) 

A909  56.90  12260            3      hrs.  5.76  24.80    26.19  0.15  18.16  2.59 

English  43.79  1412°           2l/4hrs.  2.76  18.36    22.56  0.11  11.94  '-7* 

German  201.00  1412°            3V4hrs.  9.76  32.92  154.5  3-79  26.25  3-75 

The  data  in  this  table  show  that  the  larger  part  of  the  oxygen  held  by 
the  charcoal  had  been  fixed  before  the  samples  had  been  "soaked"  in 
pure  oxygen.  A  comparison  of  the  amounts  of  oxygen  which  is  fixed  by 
the  different  charcoals  with  the  amounts  adsorbed  is  given  in  Table  III, 
together  with  the  ratio  of  fixed  to  adsorbed  oxygen.  This  shows  that  as 
much  as  6  times  the  amount  of  oxygen  adsorbed  by  a  charcoal  may  be 
held  as  "fixed"  oxygen. 

Tabus  III. 

Cc.  N  T.  P.  oxygen  per  g.  of  charcoal. 

/ • ^-  Ratio  of  fixed 

Fixed.  Adsorbed.  to  adsorbed  Oi. 

A909 18.16  7-2  2.5 

English 1194  8.6  1.4 

German 26.25  42  6.3 

In  Table  IV  are  given  the  actual  observations  on  a  run,  in  order  to  give 
an  idea  of  how  an  experiment  proceeded,  after  the  sample  had  been  thor- 
oughly outgassed  at  200° 
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Table  IV. 

Sample  Used — A909  =»  2.948  g. 

Time.  Cc.  gas.  Temp.  Time.  Cc.  gas.  Temp. 

2  :  05  O.OO  250  ...  

2  :  15  97  4         959  3  :  45  2.5  11900 

2  :  25  19.0  1045  3  :  55  1.7  1226 

2  :  35  13.0  1091  4  :  05  1.2  1208 

2  :  45  17.0  1 160  4  :  15  i.io-  1 196 

2  :  55  10.5  1178  4  :  25  1.06  1211 

3  :  05  10. o  1 172  4  :  35  0.90  1211 
3  :  15  6.0  1181  4  :  45  0.72  1205 
3:25  4.0  1196  4:55  0.61  1211 
3  :  35                 2.7  1 166  5  :  05  0.46  1208 

•  These  small  volumes  were  measured  in  the  fall  tube  of  the  T6pler  pump  (/. 
Ind.  Eng.  Chem.,  12,  40  (1920)). 

At  the  end  of  each  determination,  the  walls  of  the  quartz  tube  held  on 
their  inner  surface  a  thin  film  of  a  solid  varying  in  color  from  white  to 
brown,  which  had  vaporized  from  the  charcoal  at  the  high  temperatures. 
A  similar  observation  has  been  recorded  by  A.  Schuller,1  who  concluded 
that  this  was  organic  matter.  On  attempting  to  remove  this  film,  how- 
ever, the  odor  of  acetylene  was  noticed.  This  suggested  that  a  carbide 
had  been  formed  during  the  determination  and  that  accordingly  some  of 
the  oxides  of  carbon  obtained  might  well  have  been  from  reduction  of  min- 
eral matter  contained  in  the  ash.  In  order  to  determine  what  might  be 
the  magnitude  of  this  effect  on  the  data  obtained,  the  percentage  of  ash 
was  determined  for  each  charcoal  and  the  ash  analyzed.  In  the  A909 
and  English  charcoals  this  was  mostly  alkali  carbonates  with  slight  traces 
of  alkaline  earths,  iron,  and  alumina.  In  the  German  charcoal  the  ash 
was  principally  iron  with  some  alkali  carbonates.    Table  V  presents  this 

Tabu*  V. 

Calc.  cc.  Oi  per  Cc.  Oi  remaining 

%  ash.  g.  of  charcoal.        "fixed'*  by  charcoal. 

A909 I. II  3.OO  15.16 

English 2.04  5.41  6.53 

German 1.91  4.35  21.90 

data  and  the  maximum  amount  of  oxygen  which  could  under  any  circum- 
stances be  attributed  to  the  ash.  It  is  thought,  however,  that  the  amount 
of  reduction  at  these  comparatively  low  temperatures  was  in  all  cases 
much  less  than  these  figures  would  indicate.  In  any  case,  as  shown  in 
this  table,  the  ash  can  account  for  only  a  small  part  of  the  oxygen 
obtained  in  the  experiments  as  oxides  of  carbon. 

Discussion. 
Since  it  has  been  definitely  shown  that  oxygen  can  be  "fixed"  by  char- 
coal, other  than  by  adsorption,  it  becomes  an  interesting  problem  to  con- 
sider the  origin  and  state  of  this  oxygen.    The  original  material  from  which 
1  Schuller,  Wied.  Ann.,  18,  317  (1883). 
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all  these  charcoals  were  prepared  was  organic  matter  and  as  such  con- 
tained in  the  molecular  complexes  both  oxygen  and  hydrogen.  It  seemed 
possible  that  both  the  oxygen  and  hydrogen  obtained  by  us  were  from 
some  of  the  original  material  which  had  not  been  decomposed  in  the 
preparation  of  the  charcoals,  but  against  this  view  we  find  the  following 
facts.  The  temperature  of  charring  this  original  material  was  in  all  cases 
very  dose  to  the  temperature,  above  which  no  oxides  of  carbon  were  ob- 
tained and  only  above  which  hydrogen  and  methane  were  obtained.  This 
would  lead  us  to  the  conclusion  that  the  hydrogen  alone  was  from  the 
original  undecomposed  organic  material.  This  conclusion  is  supported 
by  the  fact,  which  was  pointed  out  in  the  introduction,  that  the  oxygen 
obtained  as  oxides  of  carbon  on  heating  in  a  vacuum  was  reversible  while 
the  hydrogen  was  irreversible.  An  actual  experiment  showed  that  90% 
of  the  oxygen  obtained  as  oxides  of  carbon  above  1840  was  fixed  by  the 
charcoal  a  second  time  in  99  hours.  On  the  other  hand,  in  every  case 
hydrogen  admitted  to  a  charcoal  after  outgassing  at  1050  °  and  cooling 
to  room  temperature  could  be  readily  and  quantitatively  recovered  at 
room  temperature. 

In  view  of  these  facts,  we  have  concluded  that  this  fixed  oxygen  is  held 
by  the  charcoal  as  a  surface  compound  or  compounds.  These  com- 
pounds would  be,  therefore,  solid  oxides  of  carbon  high  in  carbon  and  low 
in  oxygen  content,  but  not  necessarily  in  which  the  ratio  of  carbon  to 
oxygen  was  constant.  These  oxides  must  be  stable  at  ordinary  tempera- 
tures, or  at  least  have  a  very  low  rate  of  decomposition,  the  decomposi- 
tion not  taking  place  appreciably  until  a  temperature  of  about  200  °  is 
readied.  The  data  shows  that  these  oxides  then  break  down  slowly, 
giving  carbon  dioxide  and  carbon  monoxide  and  presumably  leaving  a 
residue  of  carbon.  Although  the  carbon  dioxide  predominates  at  the 
lower  temperatures  in  the  decomposition  and  carbon  monoxide  at  the 
higher,  no  conclusions  as  to  the  mechanism  of  the  original  decomposition 
can  be  made,  since  carbon  dioxide  liberated  in  immediate  contact  with 
carbon  at  the  higher  temperatures  would  react  immediately  with  the 
carbon  and  be  reduced  to  the  monoxide,  i.  e.t  there  would  be  a  tendency 
to  attain  equilibrium  between  carbon,  carbon  monoxide  and  carbon 
dioxide  at  any  given  temperature. 

This  conception  of  a  solid  oxide  of  carbon,  stable  at  ordinary  tempera- 
tures, is  not  new.  Brodie1  isolated  2  oxides  of  carbon  which  were  amorph- 
ous, brown  and  transparent  solids  to  which  he  assigned  the  formulas 
CA  and  C4O*  and  indicated  that  he  considered  that  they  belonged  to  a 
series  of  oxides  corresponding  to  the  hydrocarbons  of  the  acetylene  series. 
Berthdot*  showed  that  these  oxides  decomposed  on  heating  to  300  °  in  an 

1  Brodie,  Ann.,  169,  270  (1873). 

9  Berthdot,  Bull.  soc.  Mm.t  26, 102  (1876). 
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atmosphere  of  nitrogen  to  an  oxide  still  higher  in  carbon  content  by  loss 
of  equal  volumes  of  carbon  dioxide  and  carbon  monoxide  and  to  which  he 
assigned  the  formula  CieOe.  Mellitic  anhydride,  Ci*0»,  has  recently  been 
prepared  and  its  properties  described  in  2  independent  investigations.1 
The  most  recent  work  on  graphitic  acid*  and  work  done  in  this  labora- 
tory (which  has  not  yet  been  published)  indicates  that  this  is  a  colloidal 
oxide  of  carbon  with  an  empirical  formula  approaching  C$0. 

Furthermore,  H.  E.  Armstrong,1  in  his  studies  on  the  combustion  of 
carbon,  concluded  that  the  simple  oxides,  carbon  dioxide  and  carbon  mon- 
oxide, were  obtained  only  by  the  breakdown  of  the  more  or  less  completely 
oxidized  carbon  complex.  The  later  extensive  researches  of  Rhead  and 
Wheeler4  on  the  same  subject  lead  to  the  conclusion  that  oxygen  com- 
bines with  a  mass  of  carbon  directly  to  form  a  "physico-chemical"  complex 
C„Oy  of  variable  composition,  which  is  decomposed  by  heat  into  carbon 
monoxide  and  dioxide.  These  investigators  performed  some  interesting 
experiments  to  determine  the  amount  of  this  solid  carbon-oxygen  complex 
present  at  temperatures  from  ioo°  to  9000  during  the  combustion  of  car- 
bon. Their  results  indicate  that  the  higher  the  temperature,  the  less 
the  amount  of  the  complex  present.  If  we  extrapolate  their  results,  it 
would  appear  that  at  room  temperature  practically  no  carbon  monoxide 
oi:  dioxide  would  be  formed  but  only  the  complex,  while  above  about  12000 
very  little  of  the  complex  would  be  formed.  This  agrees  entirely  with 
our  observations,  which,  interpreted  by  means  of  assuming  the  formation 
of  this  CxOy  complex,  shows  that  the  first  stage  in  the  combustion  of 
carbon  takes  place  at  ordinary  temperatures.  Langmuir*  has  shown 
that  a  similar  complex  of  carbon  and  oxygen,  presumably  an  extremely 
stable  solid  oxide  of  carbon,  was  formed  by  a  highly  graphitized  filament 
of  very  pure  carbon.  This  decomposed  only  slowly  at  1425  °  but  readily 
at  1925  °  and  seems  to  have  been  even  more  stable  than  the  complex  formed 
by  oxygen  with  amorphous  carbon.  These  facts  all  indicate  that  oxygen 
does  combine  with  carbon  to  form  a  complex,  C*Oy,  high  in  carbon  and 
low  in  oxygen  content,  which  decomposes  on  heating  to  give  the  ordinary 
oxides  of  carbon. 

We  are  led  further  to  the  conclusion  that  this  complex  must  be  formed 
on  the  surface  of  the  charcoal.  This  would  therefore  be  likely  to  alter 
the  adsorptive  capacity  of  a  charcoal,  which  would  thus  depend  in  part 
on  the  amount  of  this  complex  on  the  surface,  No  conclusive  data  on 
this  point  have  been  collected,  however,  since,  although  it  was  observed 

1  Meyer  and  Steiner,  Ber.,  46,  813  (1913) ;  and  Jarrad,  /.  Chem.  Soc,  29, 106  (1913). 

*  Kohlschutter  and  Haenni,  Z.  anorg.  Chem.,  105,  121  (1919). 

*  Armstrong,  /.  Soc.  Chem.  Ind.,  24,  473  (1905). 

4  Rhead  and  Wheeler,  /.  Chem.  Soc,  xox,  831  (1912);  and  103, 461  (1912). 
f  Langmuir,  This  Journal,  Chem%  Soc.t  27,  1154  (1915). 
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that  the  adsorptive  power  of  the  German  charcoal  with  the  most  fixed 
oxygen  was  the  lowest  and  the  English  charcoal  with  the  least  fixed  oxy- 
gen the  highest,  the  presence  of  undecomposed  hydrocarbons  was  also 
greatest  in  the  German  and  least  in  the  English  charcoal.  So,  since  in 
the  preliminary  treatment  of  the  charcoals  (Part  I),  most  of  the  fixed 
oxygen  was  removed  while  the  hydrocarbon  content  was  not  much  altered, 
the  differences  observed  are  more  likely  due  to  this  latter  cause. 

Conclusions. 

1.  The  anomalous  behavior  of  the  adsorption  of  oxygen  by  charcoal 
extending  over  long  periods  of  time,  overlooked  by  recent  investigators, 
has  been  confirmed.  This  is  shown  to  be  due  to  the  presence  of  2  phe- 
nomena, adsorption  and  surface  combination. 

2.  A  method  has  been  developed  for  heating  charcoal  in  a  vacuum  out 
of  contact  of  oxygen-containing  materials,  as  quartz,  to  high  tempera- 
tures by  use  of  the  Northrup  induction  furnace.  The  gases  evolved 
were  collected  and  analyzed. 

3.  The  formation  of  a  carbon-oxygen  complex,  essentially  a  stable 
solid  oxide  of  carbon,  has  been  shown  to  occur  on  the  surface  of  charcoal 
at  ordinary  temperatures.  This  complex  decomposes  on  heating  to 
carbon  dioxide  and  carbon  monoxide  and  can  thus  be  considered  to  be 
an  intermediate  step  in  the  combustion  of  charcoal,  which  supports  the 
view  suggested  by  Armstrong  and  supported  with  experimental  evidence 
by  Rhead  and  Wheeler  and  by  Langmuir. 

4.  The  amounts  of  oxygen  thus  combined  to  the  charcoal  has  been 
found  to  vary  with  2  samples  of  charcoal  from  1.71%  to  3.75%  of  the 
weight  of  the  charcoal. 

PUXCSTOM,  N.  J.  • 


[Contribution  from  the  Chemical  Laboratory  op  the  University  01 

California.] 

POLARITY  AND  IONIZATION  FROM  THE  STANDPOINT  OF  THE 

LEWIS  THEORY  OF  VALENCE. 

By  Wendell  M.  Latimer  and  Worth  H.  Rodbbush. 

Recetred  April  26,  1920. 

Some  years  ago  Abegg  and  Bodlander1  discussed  the  general  facts  con- 
cerning strong  and  weak  electrolytes,  the  solubiKty  of  salts  and  the  forma- 
tion of  complex  ions  in  solution.  They  showed  that  these  facts  may  be 
codrdinated  and  explained  to  a  surprising  extent  by  attributing  to  each 
element  or  radical,  in  greater  or  less  degree,  a  property  which  they  called 
electro-affinity.  This  property  has  been  more  commonly  designated  as 
electropositive  or  electronegative  character,  and  its  relation  to  position 
in  the  periodic  table  is  clearly  recognized.  It  now  seems  possible  to  go 
1  Bodlander,  Z.  anorg.  Chem.,  20,  453  (1899). 
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further  and  show  this  property  to  be  a  consequence  of  the  structure  of  the 
atom. 

In  accordance  with  the  Rydberg  relationship,  the  elements  from  lithium 
to  argon  may  be  arranged  in  order  of  their  atomic  numbers,  so  that  they 
fall  in  2  short  series  of  8  each.  Starting  with  potassium,  there  follow  2 
series  of  18  elements  each,  and  with  cesium,  2  series  of  32  elements  each. 
the  last  series,  however,  being  incomplete.  The  elements  in  the  middle 
of  these  long  series  are  peculiar  in  their  behavior,  although  it  is  difficult 
to  say  with  what  particular  element  the  abnormality  begins  or  leaves  off. 
However,  the  elements  at  the  beginning  and  end  of  the  long  series  show 
the  same  gradation  of  properties  as  the  elements  in  the  first  2  series  of 
8.  If  we  somewhat  arbitrarily  omit  the  elements  of  peculiar  behavior 
in  the  middle  of  the  long  series,  we  can  construct  a  simplified  periodic 
table  in  series  of  8  throughout,  each  column  then  consisting  of  a  group 
of  elements  of  the  same  valence.  Thus,  for  example,  the  first  group 
will  contain  the  alkali  metals  from  lithium  to  cesium,  the  fifth  group 
the  elements  from  nitrogen  to  bismuth,  and  the  seventh  group,  the 
halogens. 

The  theory  proposed  and  outlined  by  G.  N.  Lewis1  gives  us  a  definite 
picture  of  the  structure  of  the  atom  for  the  elements  in  this  simplified 
periodic  table.  From  the  standpoint  of  the  Lewis  theory,  if  the  net 
positive  charge  upon  the  kernel  be  assumed  to  behave  as  if  centered  in  the 
nucleus,  the  amount  of  the  attraction  of  this  charge  for  the  valence 
electrons  determines  the  degree  of  electronegativity  of  the  element.  The 
element  becomes  more  electronegative  as  we  go  across  the  table  from  left 
to  right  because  of  the  increasing  net  positive  charge  upon  the  kernel. 
As  we  go  down  any  valence  group  the  attraction  of  a  positive  nucleus  for 
the  valence  electron  is  decreased  because  of  the  increased  distance  of  the 
valence  electron  due  to  the  interposition  of  additional  shells  of  electrons 
between  it  and  the  nucleus.  Thus  sulfur  with  a  net  positive  charge  on  the 
kernel  of  6  is  more  electronegative  than  phosphorus  with  a  net  positive 
charge  of  5.  On  the  other  hand,  phosphorus  is  less  electronegative  than 
nitrogen  because  the  valence  electrons  are  separated  from  the  nucleus 
by  an  additional  shell  of  electrons. 

The  term  polar2  has  been  used  in  connection  with  many  different 
properties,  but  we  shall  consider  it  here  in  its  simplest  sense.  A  com- 
pound will  be  said  to  be  polar  in  which  a  valence  electron  has  passed  from 
one  atom  to  another,  leaving  a  positive  charge  upon  the  one  atom  and 
giving  a  negative  charge  to  the  other,  thus  forming,  if  the  compound 
contain  but  the  two  atoms,  an  electric  dipole.  In  the  extreme  case  it 
seems  probable  that  the  electron  passes  completely  from  the  one  atom 
1  Lewis,  This  Journal,  38,  762  (1916);  Langmuir,  ibid.,  41,  868,  1543  (1919)* 
1  Bray  and  Branch,  This  Journai,,  35,  1440  (1913);  Lewis,  ibid.,  35,  1448  (1913). 


Digitized  by 


Google 


POLARITY  AND  IONIZATION.  I421 

to  the  other  and  that  the  two  atoms  behave  as  though  the  respective 
charges  of  positive  and  negative  electricity  were  located  at  the  centers  of 
the  atoms  themselves.  All  the  intermediate  stages  between  polar  and 
non-polar  compounds  doubtless  occur,  depending  upon  the  extent  to  which 
the  neutrality  of  the  molecule  is  disturbed  as  the  electron  is  more  or  less 
completely  displaced  from  one  atom  to  the  other. 

It  follows  from  the  Lewis  theory  of  valence  that  the  degree  of  polarity 
of  a  compound  of  2  atoms  would  depend  upon  the  difference  in  electro- 
negative character  of  the  2  atoms,  and  this  conclusion  is  readily  verified 
by  consideration  of  the  facts.  Thus  in  lithium  chloride  the  lithium  atom 
has  a  net  positive  charge  on  the  kernel  of  one,  the  chlorine  atom  has  a 
net  charge  of  7,  and  we  should  expect  the  valence  electron  to  be  com- 
pletely taken  away  from  the  lithium  and  drawn  into  the  outer  shell  of  the 
chlorine,  forming  an  extremely  polar  compound.  This  we  find  to  be  the 
case.  Beryllium  chloride  is  not  as  polar  as  lithium  chloride,  since  beryllium 
has  a  net  positive  charge  on  the  kernel  of  2,  and  consequently  the  at- 
traction of  the  kernel  for  the  valence  electrons  is  twice  as  great.  Boron 
trichloride  shows  very  little  polarity,  owing  to  the  fact  that  the  net  positive 
charge  of  3  on  the  boron  kernel  exerts  a  powerful  attraction  for  the  valence 
electrons.  Carbon  tetrachloride  is  non-polar.  Here  the  net  positive 
charge  of  4  on  the  carbon  kernel  exerts  so  strong  a  pull  on  the  valence 
electrons  that  the  carbon  and  the  chlorine  atoms  are  simply  drawn  closer 
together  and  the  valence  electrons  may  be  said  to  exist  in  the  shells  of 
both  atoms.  If  the  compounds  of  the  elements  are  considered  at  random 
we  find  that  whenever  there  is  sufficient  difference  between  the  attraction 
of  the  positive  kernels  of  2  atoms  for  the  electrons  forming  the  bond 
between  them,  the  compound  is  polar,  and  the  degree  of  polarity  can 
always  be  predicted  from  the  structure  of  the  atoms. 
Ionization  of  Polar  Compounds. 

The  criteria  by  which  we  shall  judge  whether  a  compound  is  ionized 
or  not  will  depend  on  our  definition  of  ionization.  The  X-ray  spectrum  ' 
of  a  crystal  of  sodium  chloride  shows  that  each  atom  of  sodium  is  sur- 
rounded by  6  atoms  of  chlorine,  and  each  atom  of  chlorine  by  6  atoms  of 
sodium.  Presumably  the  valence  electron  of  the  sodium  has  been  entirely 
removed  from  the  sodium  atom  and  forms  a  part  of  the  shell  of  the  chlorine 
atom.  We  cannot  say  to  which  particular  chlorine  atom  the  electron 
of  the  sodium  has  gone.  Sodium  chloride  does  not  conduct  a  current 
because  the  atoms  are  not  free  to  move.  However,  if  we  bring  the  sodium 
chloride  into  the  liquid  state,  by  fusion  for  example,  it  becomes  a  very  good 
conductor  indeed.  In  the  fused  state  the  arrangement  of  the  atoms  of 
sodium  chloride  is  probably  not  greatly  different  from  that  in  the  crystal, 
except  as  it  is  disturbed  by  the  mobility  of  the  liquid.  Since  a  sodium 
atom  is  surrounded  on  all  sides  by  chlorine  atoms  it  is  free  to  move  in  any 
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direction  upon  the  application  of  an  electric  field,  and  conduction  in  the 
fused  salt  consists  presumably  of  the  movement  of  atoms  of  one  kind  of 
electric  charge  through  the  nearly  uniform  field  produced  by  a  mesh  of 
atoms  having  the  opposite  electric  charge. 

It  seems  logical  to  say  that  a  polar  molecule  is  ionized  when  the  ions 
are  able  to  move  independently  of  each  other  under  the  influence  of  an 
applied  electric  field.  By  this  definition  fused  sodium  chloride  appears 
to  be  completely  ionized,  but  solid  sodium  chloride,  while  completely 
polar,  would  not  of  course  be  considered  ionized. 

When  we  form  a  dilute  solution  of  sodium  chloride  in  an  ionizing 
solvent  of  negligible  conductivity,  we  meet  with  a  new  phenomenon. 
The  most  conspicuous  characteristic  of  an  ionizing  solvent  is  an  abnormally 
high  dielectric  constant.  The  connection  between  the  high  dielectric 
constant  and  the  ionizing  power  of  the  solvent  has  often  been  explained  as 
follows.  In  order  that  sodium  chloride  in  solution  may  ionize,  the  power 
ful  electrostatic  forces  between  the  ions  must  be  overcome.  It  is  necessary 
that  the  solvent  act  as  a  depolarizing  medium  and  partially  neutralize 
these  forces.  The  power  of  the  solvent  to  do  this  is  presumably  measured 
by  the  dielectric  constant.  Prom  these  considerations  the  Nernst- 
Thomson  rule  was  formulated,  which  states  that  the  ionizing  power  of  a 
solvent  should  vary  more  or  less  directly  with  the  dielectric  constant. 

The  Nernst-Thomson  rule  presumes  that  if  a  sodium  and  a  chloride  ion 
are  separated  in  solution  by  a  greater  distance  than  they  are  in  the  crystal 
there  are  strong  electrostatic  attractions  between  them.  This  may  not 
be  the  case.  The  molecular  volume  of  sodium  chloride  is  only  about  half 
the  sum  of  the  atomic  volumes  of  metallic  sodium  and  solid  chlorine. 
Atomic  volume  of  course  has  no  significance  as  far  as  actual  size  of  the 
atoms  is  concerned,  but  it  does  indicate  the  strength  of  the  forces  between 
the  atoms  of  the  crystal.  When  an  atom  of  chlorine  approaches  within 
a  certain  distance  of  an  atom  of  sodium  there  must  be  some  sort  of  a 
repulsive  force  which  opposes  a  closer  approach  of  the  2  atoms.  The 
distance  between  an  atom  of  sodium  and  at  atom  of  chlorine  in  the  crystal 
then  represents  the  distance  at  which  the  repulsive  forces  just  balance  the 
attractions  between  the  atoms.  If  the  attractive  force  between  the  atoms 
is  less  than  in  sodium  chloride,  as  it  is  in  metallic  sodium,  the  equilibrium 
positions  are  farther  apart.  Now  when  we  dissolve  sodium  chloride  in 
water  which  has  a  dielectric  constant  of  80,  the  attractive  force  between 
the  atoms  is  reduced  to  a  little  more  than  1%  of  its  original  value.  If  the 
repulsive  forces  between  the  atoms,  of  the  nature  of  which  we  are  entirely 
ignorant,  be  not  reduced  to  a  proportional  amount,  the  interatomic 
distance  for  equilibrium  between  the  2  forces  may  be  considerably  in- 
creased. In  a  concentrated  solution  of  sodium  chloride  the  average 
distance  between  the  sodium  and  the  chloride  ions  is  only  about  twice 
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that  of  the  crystal,  and  from  the  foregoing  considerations  it  is  by  no 
means  certain  that  the  ions  would  tend  to  approach  each  other  any  closer 
than  this  average  distance,  especially  since  an  ion  is  not  in  the  field  of  a 
single  ion  of  opposite  charge  but  is  acted  upon  by  a  number  of  ions  in 
different  directions,  the  forces  of  which  more  or  less  neutralize  each  other. 
In  other  words,  a  concentrated  solution  of  sodium  chloride  may  be 
analogous  to  fused  sodium  chloride,  except  for  somewhat  greater  inter- 
atomic distances. 

If  the  foregoing  picture  is  correct,  a  concentrated  solution  of  sodium 
chloride  is  completely  ionized.1  At  infinite  dilution  where  the  ions  are 
so  far  separated  as  to  be  out  of  each  other's  fields  we  must  also  have 
complete  ionization.  At  intermediate  concentrations,  where  the  average 
distance  between  ions  is  greater  than  the  equilibrium  distance  and  yet 
not  so  great  that  the  ions  are  out  of  each  other's  fields,  there  may  be  a 
tendency  for  the  ions  to  form  in  pairs  separated  from  each  other  by  the 
equilibrium  distance.  Now  since  the  independent  movement  of  an  ion 
depends  upon  its  being  acted  upon  by  several  other  ions  at  such  distances 
and  directions  as  to  neutralize  each  other,  such  a  pair  can  hardly  be  said 
to  be  ionized.  There  seems  to  be  some  evidence  that  this  effect  is  most 
pronounced  at  about  molal  concentration  for  sodium  chloride.* 

From  the  foregoing  considerations,  in  a  solution  of  a  polar  salt  like 
sodium  chloride  the  ions  must  always  be  separated  by  greater  distances 
than  in  the  solid.  .  In  order  that  a  liquid  may  act  as  a  solvent  for  a  polar 
substance  it  must  be  a  depolarizing  agent  of  sufficient  strength  to  permit 
the  separation  of  ions  which  takes  place  when  the  salt  dissolves.  This 
seems  to  be  the  chief  significance  of  dielectric  constant.  Obviously  the 
minimum  value  of  dielectric  constant  which  a  liquid  must  have  in  order 
to  function  as  a  solvent  for  polar  substances  will  depend  upon  the  forces 
between  the  ions  in  the  solid.  Sulfur  dioxide,  with  a  dielectric  constant 
of  about  14,  is  able  to  dissolve  many  salts.  When  we  consider  liquids  of 
dielectric  constant  below  8  we  find  that  salts  do  not  dissolve  in  them 
appreciably  as  a  rule.  Solubility  is  of  course  affected  by  many  factors, 
but  it  seems  quite  probable  that  the  reason  for  the  slight  solubility  of  salts 
in  these  liquids  is  the  inability  of  the  solvent  to  neutralize  the  electro- 
static forces  between  ions. 
In  the  few  cases*  in  which  there  is  electrolytic  conduction  in  solution 

1  Cf.  Noyes  and  Maclnnes,  This  Journal,  42,  239  (1920). 

1  AQmand  and  Potack,  /.  Chem.  Soc.,  115,  1036  (1919). 

'Examples  are:  Methyl  Alcohol  in  Liquid  Hydrogen  Chloride  (Archibald,  This 
Jouinal,  34, 5S4  (191 2));  Potassium  Iodide  in  Liquid  Iodine  (Lewis  and  Wheeler,  Z. 
**>•»*.  Ckm.,  56,  179  (1906));  Ether  and  Bromine  (Plotnikow,  J.  Russ.  Phys.  Chem. 
^•»  38,  1096  (1906));  Magnesium  Iodide  in  Ether  (unpublished  investigation  by  Mr. 
R  F.Newton  of  this  laboratory).    See  also  Kraus  and  Bray.  This  Journal,  35,  1393 
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in  a  solvent  of  low  dielectric  constant,  we  find  the  conductivity  very  small 
in  dilute  solutions,  but'  increasing  very  rapidly  with  increasing  concentra- 
tion until  it  reaches  a  maximum  at  some  concentration  at  which  the  ratio 
of  mols  of  solvent  to  mols  of  solute  is  a  small  number,  usually  not  greatly 
different  from  unity. 

In  all  these  cases  the  solubility  appears  to  be  due  to  the  formation  of 
more  or  less  stable  compounds  between  thfe  solute  and  the  solvent.  The 
behavior  of  the  conductivity  is  precisely  what  we  should  expect.  The 
depolarizing  action  of  the  solvent  is  so  small  that  positively  and  negatively 
charged  ions  are  unable  to  separate  and  move  freely  with  respect  to  each 
other.  Hence  conductivity  in  the  dilute  solution  is  negligible,  the  ions 
being  in  a  condition  precisely  analogous  to  sodium  chloride  vapor,  grouped 
in  pairs  or  molecules.  What  little  conductivity  there  is,  is  due  to  an 
accidental  separation  of  ions  not  different  from  that  which  takes  place 
in  salt  vapors.  As  the  concentration  approaches  the  composition  of  the 
molecular  compound  we  approach  the  condition  of  a  fused  salt,  where  an 
ion  is  surrounded  by  ions  of  opposite  sign  and  can  move  freely  in  any 
direction.  The  increased  conductivity  in  concentrated  solutions  is  then 
precisely  analogous  to  fused  salt  conductivity. 

Ionization  of  Compounds  Not  Highly  Polar. 

So  far  we  have  discussed  polarity  the  mechanism  of  which  consisted 
of  the  transfer  of  electrons  from  one  atom  to  another  in  the  molecule. 
We  shall  now  consider  polarity  due  to  the  transfer  of  a  hydrogen  nucleus 
from  one  molecule  to  another.  For  example  the  formation  of  the  ammo- 
nium ion 

H 

H  :N:  H 

H 


and  the  chloride  ion 


CI: 


by  the  transfer  of  a  hydrogen  nucleus  from  a  molecule  of  hydrogen  chloride 
to  a  molecule  of  ammonia.  In  discussing  compounds  of  hydrogen  it 
must  be  borne  in  mind  that  the  hydrogen  kernel  is  also  the  hydrogen 
nucleus  and  as  such  is  very  different  from  the  kernel  of  any  of  the  other 
elements.  Here  in  all  probability  we  are  dealing  with  the  elementary 
unit  of  positive  electricity,  seemingly  a  particle  of  minute  size  even  in 
comparison  with  the  electron.  It  has  already  been  pointed  out  that  the 
relative  electronegativity  of  the  elements  depends  upon  the  net  nuclear 
charge  and  the  distance  of  the  valence  electrons  from  the  nucleus  as 
determined  by  the  number  of  electron  shells.  Now  the  hydrogen  nucleus, 
though  its  nuclear  charge  is  but  one,  has  no  surrounding  shell  of  electrons, 
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and  may  for  that  reason  approach  many  times  closer  to  the  electrons  of  a 
valence  bond  than  any  other  element.  What  knowledge  we  have  con- 
cerning the  structure  of  the  nuclei  of  the  elements  of  higher  atomic  weight 
indicates  that  hydrogen  nuclei  and  electrons  may  be  packed  together  very 
closely  indeed.  In  one  sense,  then,  hydrogen  is  the  most  electronegative 
of  all  the  elements,1  and  it  is  doubtful  if  the  hydrogen  nucleus  ever  gets 
very  far  away  from  one  or  more  electrons.  It  is  this  unique  character 
of  the  hydrogen  nucleus  which  differentiates  the  polarity  of  hydrogen 
compounds.  In  the  pure  state,  although  differing  a  good  deal  in  degree, 
they  are  all  extremely  non-polar.  Thus  even  as  strong  an  acid  as  hydro- 
chloric acid  is  in  the  pure  liquid  state  a  nonconductor  of  the  same  order 
as  water.  Nor  is  its  conductivity  appreciably  increased  when  dissolved 
in  acetone  or  nitrobenzene,2  substances  with  fairly  high  dielectric  constants. 
Even  in  liquid  hydrogen  cyanide,  which  has  a  very  high  dielectric  con- 
stant, hydrogen  chloride  does  not  show  a  conductivity  comparable  with 
that  of  some  salts  in  the  same  solvent.3  Walden4  has  shown  that  ioniza- 
tion of  acids  in  solvents  is  independent  of  the  Nernst-Thomson  rule  of 
dielectric  constant  and  is  greater  the  more  basic  the  solvent.  In  the  light 
of  the  experimental  facts,  then,  the  ionization  of  acids,  or  indeed  extreme 
polarity  of  any  compounds  involving  hydrogen,  must  be  interpreted  as 
due  to  the  transfer  of  a  hydrogen  nucleus  from  one  molecule  to  another, 
thus  forming  a  complex  ion.  Indeed,  from  the  nature  of  the  hydrogen 
nucleus,  it  seems  as  unlikely  that  in  a  solution  hydrogen  ions  should  exist 
as  such,  as  that  the  electrons  should  be  present  moving  about  freely. 
It  is  true  that  hydrogen  shows  great  mobility  in  water  solutions,  but  it 
will  appear  later  that  this  does  not  of  necessity  argue  the  existence  of  free 
hydrogen  ions. 

Obviously  any  discussion  of  the  degree  of  ionization  from  the  standpoint 
of  atomic  structure6  must  deal  not  only  with  the  tendency  of  the  acid  to 
give  up  hydrogen,  but  also  with  the  tendency  of  the  solvent  to  take  it  up. 
Let  us  first  consider  the  hydrogen  compounds 

1  This  conclusion  is  borne  out  by  the  fact  that  atomic  hydrogen  has  such  a  powerful 
tendency  to  form  H».  Extremely  electronegative  elements  such  as  nitrogen,  oxygen 
and  the  halogens  all  show  this  tendency  to  form  a  "saturated"  diatomic  molecule, 
that  is  one  of  very  low  or  at  least  uniform  external  field.  Since  the  external  fields  of 
these  molecules  are  nearly  neutral,  these  strongly  electronegative  substances  are  ex- 
tremely volatile  in  the  molecular  state.  The  ease  of  replacement  of  acid  hydrogen  by 
metals  and  the  volatility  of  the  diatomic  gas  are  both  due  to  the  powerful  tendency  for 
the  formation  of  molecular  hydrogen. 

1  Sackur,  Ber.,  35,  1248  (1903). 

*  Kahlenberg  and  Schlundt,  /.  Phys.  Chem.,  6,  447  (1902). 

4  Walden,  Trans.  Faraday  Soc.t  6,  71  (1910). 

1  Some  of  the  conclusions  reached  in  the  following  paragraphs  have  been  indicated 
by  Langmuir  in  a  paper.  This  Journal,  42,  274  (1920),  which  appeared  while  the 
present  paper  was  yet  in  the  manuscript. 
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The  increasing  charge  on  the  kernels  of  the  elements  from  carbon  to 
fluorine  must  tend  to  pull  in  closer  the  electrons  of  the  groups  of  8,  or,  as 
Langmuir  has  called  them,  the  octets  formed  about  the  kernels;  and  at 
the  same  time  the  hydrogen  is  held  off  by  the  increasing  repulsion  between 
the  positive  nuclei.  Consequently,  the  total  force  holding  the  hydrogen 
becomes  less,  that  is,  the  compound  becomes  more  acid  when  dissolved  in  a 
solvent,  the  molecules  of  which  have  a  field  sufficiently  negative  to  pull 
the  hydiogen  away.  Now  let  us  consider  the  tendency  of  these  same 
hydrides  to  take  up  hydrogen  kernels,  in  other  words  their  ability  as 
solvents  to  ionize  other  acids.  One  of  the  fundamental  postulates  of  the 
Lewis  theory  is  that  a  valence  bond  in  those  elements  which  form  octets 
consists  of  a  pair  of  electrons  held  in  common  by  2  atoms.  An  octet 
about  an  atom  is  then  capable  of  uniting  with  4  other  atoms,  providing 
of  course  that  the  total  number  of  electrons  in  the  atom  is  such  as  to  com- 
plete all  the  shells.  This  tendency  to  complete  the  group  of  4  atoms  about 
an  octet  of  electrons  is  in  many  ways  as  striking  as  the  tendency  to  com- 
plete the  octet  of  electrons  about  a  positive  kernel.  Now  methane  has 
completed  its  group  of  4  atoms  and  has  no  free  pairs  of  electrons  left; 
while  ammonia  has  one  free  pair  of  electrons,  water  2,  and  hydrogen 
fluoride  3.  Moreover  the  force  with  which  a  pair  of  electrons  of  an  octet 
is  holding  a  hydrogen  nucleus  gives  us  a  good  indication  of  the  tendency 
of  a  free  pair  of  electrons  of  tne  same  octet  to  add  another  hydrogen 
nucleus.  From  these  considerations,  we  should  expect  ammonia  to  form 
readily  the  ion  NHU+  and  water  and  hydrogen  fluoride  to  show  strong 
but  decreasing  tendencies  to  form  at  least  the  ions,  HjO+  and  H*F+. 
It  follows  that  for  an  acid  dissolved  in  liquid  ammonia  a  relatively  larger 
number  of  the  molecules  will  react  with  the  solvent  to  form  a  polar  com- 
pound than  for  the  same  acid  dissolved  in  water.  And  in  general  it  may 
be  said  that  the  degree  of  ionization  of  weak  acids  as  determined  by 
conductivity  measurements  will  be  greater  the  more  basic  the  solvent. 
However,  the  situation  is  somewhat  different  when  we  compare  solutions 
of  a  strong  acid,  for  example,  hydrochloric  acid,  in  water  and  liquid 
ammonia,  since  in  both  solvents  the  hydrogen  chloride  has  probably 
completely  reacted  with  the  solvent  to  form  polar  molecules.  In  fact 
Kraus  and  Bray,1  from  comparative  measurements,  have  calculated  the 
degree  of  ionization  of  hydrochloric  acid  to  be  greater  in  dilute  solution 
in  water  than  for  solutions  of  corresponding  concentration  in  ammonia. 
We  have  seen  that  for  a  horizontal  row  in  the  periodic  system  the 
*  JCraus  and  Bray,  This  Jovrnai,,  35,  1337  (1913). 
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acidity  of  the  hydride  is  greater  the  more  electronegative  the  element. 
Consideration  of  the  hydrides  of  any  valence  group  leads  to  the  conclusion 
that  in  this  case  the  hydride  is  more  acid  the  less  electronegative  the 
element  For  example,  hydrogen  chloride  is  more  acid  than  hydrogen 
fluoride,  hydrogen  sulfide  more  acid  than  water,  phosphine  more  acid  than 
ammonia.  The  elements  sodium  to  chlorine  differ  from  the  correspond- 
ing elements  lithium  to  fluorine  in  that  the  valence  electrons  are  forming 
a  new  group  of  8  around  the  first  group  of  8.  Then  in  hydrogen  chloride 
the  valence  electrons  are  (i)  farther  from  the  center  of  the  kernel,  and  (2) 
farther  from  each  other  than  in  hydrogen  fluoride.  As  a  consequence  of 
(1),  an  electron  is  held  by  less  force,  and,  as  one  continues  down  the 
valence  group,  it  becomes  increasingly  less  difficult  for  the  hydrogen  to 
take  the  electron  completely  away  from  the  halogen,  and  we  find  hydrogen 
iodide  gas  dissociating  largely  into  molecular  hydrogen  and  iodine.  Prom 
(2)  it  seems  reasonable  to  expect  hydrogen  chloride  to  be  more  acid  than 
hydrogen  fluoride  in  that  the  hydrogen,  in  the  case  of  chlorine,  is  held  by  a 
pair  of  electrons  which  are  farther  apart  than  in  fluorine.  Indeed  in  the 
latter  the  octet  may  be  sufficiently  small  so  as  to  enable  electrons  other 
than  the  pair  to  exert  considerable  attraction  upon  the  hydrogen  nucleus. 
The  strength  of  an  oxy-acid  may  be  considered  in  terms  of  the  forces 
tending  to  distort  the  oxygen  octet.  Lewis,1  in  his  paper  on  "The  Atom 
and  the  Molecule,"  has  discussed  the  effect  of  substituting  a  chlorine  in 
acetic  acid.  The  ideas  which  he  expressed  may  be  extended  considerably 
in  connection  with  the  inorganic  oxygen  acids.    Thus  in  sulfuric  acid 

:0: 

H:0:S:0:H 

:0: 

the  attraction  of  the  sulfur  kernel  for  electrons  held  in  common  with  the 
oxygen,  and  the  repulsion  between  the  sulfur  and  the  oxygen  kernels  tend 
to  distort  the  oxygen  octet  from  the  cubical  arrangement.  Obviously 
this  pulling  of  electrons  in  toward  the  sulfur  and  pushing  of  the  oxygen 
kernel  out  will  weaken  the  force  with  which  the  hydrogen  is  holding  a 
pair  of  electrons  in  common  with  the  oxygen.  The  higher  the  positive 
charge  on  the  central  kernel,  the  greater  will  be  this  distortion.  Then  for 
any  horizontal  row  of  the  periodic  system,  the  oxygen  adds  of  highest 
valence,  for  example  silicic  acid  (HjSiO*),  orthophosphoric,  sulfuric  and 
perchloric  acids,  will  become  stronger  as  the  atomic  number  increases. 
The  dose  agreement  of  the  densities  of  the  last  3  acids  above  indicates 
that  their  structures  are  very  similar  and  emphasizes  the  fact  that  rela* 
1  Lewis,  loc.  cii.t  p.  782. 
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tively  small  distortions  of  the  oxygen  octet  may  produce  large  differences 
in  the  degree  of  ionization  when  water  is  the  solvent. 

We  have  seen  in  any  vertical  or  valence  periodic  group  that  as  the 
atomic  weight  increases,  that  is,  as  each  new  shell  is  formed  about  the 
preceding  one,  both  the  attraction  for  the  valence  electron  and  the  repul- 
sion of  a  neighboring  kernel  decrease.  Then  in  the  case  of  an  oxy-acid 
the  distortion  of  the  oxygen  octet  due  to  the  central  atom  must  become 
less  as  one  goes  down  the  group ;  their  form  doubtless  approaches  more  and 
more  that  of  the  oxygen  in  the  water  molecule  and  the  hydrogen  conse- 
quently is  held  with  corresponding  firmness.  In  fact  the  attraction  of  the 
central  kernel  for  the  electrons  may  become  so  weak  that  the  oxygen 
octet  is  no  longer  held  in  position  but  ionizes  to  form  hydroxyl.  Thus  we 
have  the  amphoteric  compounds.  For  illustration  we  need  only  mention 
HNOj,  HsP04,  H^Vs04,  H£b04,  Bi(OH)8.  Putting  the  two  cases  to- 
gether we  have  the  well  known  generalization  that  the  more  negative  the 
element  the  stronger  the  oxygen  acids.  The  condition  for  maximum 
distortion  of  the  oxygen  octet  would  be  found  in  perfluoric  acid.  Doubt- 
less this  is  the  very  reason  that  no  oxygen  compounds  of  fluorine  are 
known. 

The  generalization  may  be  made  in  terms  of  the  older  idea  of  valence, 
that  the  oxygen  acids  of  any  element  become  stronger  the  higher  the 
positive  valence  of  the  element.  The  reason  for  this  becomes  clear  if 
considered  in  reference  to  the  position  of  the  electrons  in  the  atoms.  For 
example  consider  sulfurous  acid 

H:0:S:0:H 

:0: 

Six  of  the  8  electrons  around  the  sulfur  are  held  in  common  with  the  3 
oxygens.  The  remaining  2  electrons  may  then  be  drawn  in  by  the  sulfur 
to  such  an  extent  as  practically  to  reduce  the  positive  charge  on  the 
sulfur  from  6  to  4.  The  distortion  of  the  oxygen  octet  then  corresponds 
more  to  carbonic  acid  than  to  sulfuric  acid,  although  of  course  the  neu- 
tralization is  not  complete,  and  sulfurous  acid  is  somewhat  stronger  than 
carbonic  acid.  It  may  then  be  stated  that  weakness  of  the  acids  con- 
tainfiig  less  oxygen  is  due  to  the  presence  of  one  or  more  pairs  of  electrons 
on  the  central  kernel  which  are  not  shared  with  other  atoms. 

The  acids  of  phosphorus  offer  an  exception  to  the  rule  as  ordinarily 
stated  regarding  the  dependence  of  the  strength  of  an  acid  upon  the 
valence  of  the  element.  The  following  table  is  quoted  from  "Leitver- 
mogen  der  Etektrolyte."1 

1  Kohlrausch,  "Leitvermdgen  der  Elektrolyte,"  pp.  160,  167  (Teubner,  Leipzig, 
1898). 
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Moi.bcui.ar  Conductivity  at  25  °. 

Fin  liters.  2.  8.  32. 

110*04 64         96        156 

H»PO» 129        187        257 

H1PO1 140        207        281 

The  acids  of  lower  valence  are  apparently  even  more  highly  ionized  than 
phosphoric  acid.  Considering  the  inability  to  replace  but  one  of  the 
hydrogens  in  H»PO»  and  but  two  in  H3P08,  whereas  all  three  are  re- 
placeable in  H3PO4,  the  following  structural  formulas  are  probably  correct. 
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Here  the  tendency  to  pull  in  a  pair  of  electrons  which  took  place  in  sul- 
furous  acid  is  prevented,  in  this  case  by  hydrogen  attached  directly  to  the 
central  atom.  That  the  acids  which  have  the  hydrogen  attached  to  the 
phosphorus  are  even  stronger  than  phosphoric  acid  is  in  agreement  with 
our  postulate  regarding  the  electronegative  hydrogen  and  with  other 
facts  to  be  considered  later. 
The  structure  of  nitric  acid  may  be  either 

H 


:0 


Under  the  pull  of  a  strong  electronegative  element  such  as  oxygen,  the 
nitrogen  octet  may  not  be  stable  and  a  sextet  is  formed  instead.  The 
structures  of  the  nitrate  group  in  sodium  nitrate  from  X-ray  analysis1 
seems  to  bear  out  this  idea.  The  same  is  doubtless  true  of  boric  and 
carbonic  acids.  Indeed  molecular  nitrogen  may  be  explained  on  the 
tendency  of  nitrogen  to  form  sextets  as 

:N:N: 
The  structure  of  nitrous  acid  then  may  be  written  as 

N 
:0:    :0: 
H 
Here  we  have  another  example  of  a  free  pair  of  electrons  on  the  central 
atom.    This  accounts  for  nitrous  acid  being  weaker  than  nitric  acid. 
The  ionization  of  organic  acids  may  be  explained  along  similar  lines. 
1  Bragg  and  Bragg,  "X-Rays  and  Crystal  Structure." 
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As  mentioned  before,  Lewis  has  discussed  chloro-acetic  acid  at  some 
length.    In  general  it  may  be  said  of  acids  of  the  type 

:0: 
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that  whenever  the  nature  of  R  is  such  as  to  exert  a  strong  pull  upon  the 
electrons  holding  it  to  the  carboxyl  carbon,  the  acid  will  be  correspond- 
ingly strengthened.  Oxalic  acid,  in  which  the  electrons  in  question  are 
presumably  half  way  between  the  two  carboxyl  carbons,  is  a  strong  acid. 
The  strong  neutralizing  power  of  the  hydrogen  kernel  considered  in  con- 
nection with  the  acids  of  phosphorus  is  observed  again  in  formic  acid 

:0: 

H:C:0:H 
which  is  considerably  stronger  than  acetic  acid 

H:C:C:6:H 
H 
Thus  as  far  as  concerns  the  carboxyl  carbon  the  field  due  to  the  electrons 
of  the  bond  is  more  nearly  neutralized  by  the  hydrogen  than  by  the  kernel 
of  the  methyl  carbon.  In  view  of  their  relative  positive  charges  the 
opposite  effect  might  have  been  expected.  This  emphasizes  again  the 
difference  between  the  hydrogen  kernel  or  nucleus  and  the  kernel  of  any 
other  element;  the  one  a  single  positive  unit  and  the  other  a  complex 
structure  of  both  positive  and  negative  units.  The  amines  are  another 
excellent  example  of  this  characteristic  of  hydrogen.  If  one  of  the  hy- 
drogens in  the  ammonium  group 

H 

H:N:H 
H 
be  replaced  by  a  carbon  radical,  the  remaining  hydrogens  are  held  more 
firmly,  that  is  the  amine  is  more  basic.  This  is  the  result  to  be  expected 
if  the  field  of  the  electron  bond  is  less  neutralized  by  the  methyl  group 
than  by  the  hydrogen.  The  pair  of  electrons  is  shifted  in  toward  the 
nitrogen;  the  positive  charge  on  the  nitrogen  somewhat  neutralized; 
and  the  remaining  6  electrons  held  less  firmly  by  the  nitrogen  but  more 
firmly  by  the  remaining  3  hydrogens. 

Associated  Liquids. 
The  phenomenon  of  association  in  liquids  has  long  been  recognized  as 
related  to  dielectric  constant  and  ionizing  power  as  a  solvent.    According 
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to  one  view,  a  so-called  polar  solvent  contains  dipoles  of  considerable 
moment,  that  is,  positive  and  negative  charges  separated  by  a  considerable 
distance.  The  high  dielectric  constant  of  such  a  liquid  is  considered 
to  be  due  to  the  orientation  of  these  dipoles  in  an  electric  field.  Likewise 
association  is  supposed  to  take  place  because  of  the  attraction  of  two 
dipoles  for  each  other.  This  explanation  is  open  to  serious  objections. 
In  the  first  place  it  is  hard  to  see  why  the  compounds  of  very  high  di- 
electric constant  should  be  chiefly  hydrogen  compounds.  Also  hydrogen 
chloride  should  contain  dipoles  of  greater  moment  than  water  or  hydrogen 
fluoride,  yet  it  has  a  much  lower  dielectric  constant  both  in  the  vapor  and 
liquid.  Nor  does  hydrogen  chloride  appear  to  be  associated.  It  seems 
then  that  the  explanation  is  to  be  sought  along  other  lines. 

Let  us  compare  again  the  compounds  ammonia,  water  and  hydrogen 
chloride.  Ammonia  adds  a  hydrogen  readily  but  has  little  tendency  to 
give  one  up.  Hydrogen  chloride,  on  the  other  hand,  shows  just  the 
opposite  tendencies.  Water  occupies  an  intermediate  position  and  shows 
tendencies  both  to  add  and  give  up  hydrogen,  which  are  nearly  balanced. 
Then,  in  terms  of  the  Lewis  theory,  a  free  pair  of  electrons  on  one  water 
molecule  might  be  able  to  exert  sufficient  force  on  a  hydrogen  held  by  a 
pair  of  electrons  on  another  water  molecule  to  bind  the  two  molecules 
together.    Structurally  this  may  be  represented  as 

H 
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Such  combination  need  not  be  limited  to  the  formation  of  double  or  triple 
molecules.    Indeed  the  liquid  may  be  made  up  of  large  aggregates  of 
molecules,  continually  breaking  up  and  reforming  under  the  influence 
of  thermal  agitation. 

Such  an  explanation  amounts  to  saying  that  the  hydrogen  nucleus 
held  between  2  octets  constitutes  a  weak  "bond."1  Ammonium  hy- 
droxide 

H 
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is  an  example  in  which  the  union  is  fcfirly  strong.  This  is  contrary  to  the 
view  commonly  held  that  the  weak  basicity  of  ammonium  hydroxide  is 
due  to  the  fact  that  it  consists  largely  of  a  solution  of  ammonia  in  water. 
The  idea  also  departs  somewhat  from  the  view  taken  by  Lewis  in  regard 
to  the  polarity  of  NEU+.  However,  there  seems  to  be  no  reason  for  be- 
1  Mr.  Huggins  of  this  laboratory  in  some  work  as  yet  unpublished,  has  used  the 
idea  of  a  hydrogen  kernel  held  between  two  atoms  as  a  theory  in  regard  to  certain 
organic  compounds. 
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lieving  that  gradations  may  not  exist  all  the  way  from  the  case  of  ammo- 
nium chloride,  where  the  hydrogen  is  definitely  transferred  from  the 
chlorine  to  the  ammonia,  to  the  case  In  the  association  of  water  where  the 
hydrogen  is  still  held  quite  firmly  to  the  original  water  molecule.  Ammo- 
nium chloride  is  probably  nearly  as  completely  polar  With  respect  to  the 
separation  of  charges  as  sodium  chloride,  and  the  crystal,  at  ordinary 
temperatures,  is  held  together  in  a  similar  manner  by  forces  only  slightly 
less.  As  we  raise  the  temperature,  however,  the  hydrogen  of  the  bond, 
being  a  heavy  particle,  acquires  vibrational  energy  very  rapidly.  This 
breaks  up  the  crystal  structure  and  causes  ammonium  chloride  to  disso- 
ciate and  volatilize  without  melting.  Hydrogen  chloride  forms  a  com- 
pound of  this  type  with  water  just  as  it  does  with  ammonia,  but  it  is 
even  less  stable  than  ammonium  chloride  for  obvious  reasons. 

It  is  not  assumed  that  all  association  is  of  this  type.  In  acetic  acid,  for 
instance,  the  association  doubtless  takes  place  with  the  formation  of 
definite  polymers  of  2  molecules.  This  kind  of  association  however  will 
produce  properties  radically  different  from  those  of  a  liquid  like  water. 

If  our  picture  of  the  association  of  water  is  correct,  a  hydrogen  nucleus 
may  be  held  between  two  oxygen  octets  by  forces  which,  for  quite  a 
distance,  obey  Hooke's  law.  Such  a  hydrogen  would  be  capable  of  con- 
siderable displacement  by  an  electric  field.  This  is  just  the  mechanism 
postulated  by  the  mathematical  theory  of  dielectric  polarization  as  giving 
rise  to  high  dielectric  constant.  It  is  quite  possible  in  the  case  of  the 
hydrogen  compounds  of  the  most  electronegative  elements,  hydrogen 
fluoride,  for  example,  that  the  simultaneous  attraction  of  a  highly  con- 
centrated octet  of  electrons,  and  the  repulsion  of  the  powerful  positive 
nucleus  for  the  hydrogen,  may  result  in  the  hydrogen  in  the  single  mole- 
cule being  held  elastically.  The  association  of  the  molecules  is,  however, 
very  probably  the  factor  that  produces  the  extremely  high  dielectric 
constant. 

The  high  mobility  of  the  hydrogen  ion  in  water  solution  may  be  ex- 
plained as  due  to  a  shifting  of  hydrogen  nuclei  from  one  water  molecule  to 
another,  a  sort  of  Grotthus  chain  effect,  rather  than  to  a  rapid  motion 
of  any  one  HjO+  ion.  Obviously  such  a  mechanism  is  possible  only 
when  the  molecule  of  the  solvent  adds  and  gives  up  hydrogen  nuclei 
readily.  This  is  not  true  of  ammonia  and  the  NH*+  ion  does  not  show  a 
high  mobility  in  liquid  NHs.  It  seems  worth  while  to  emphasize  that  the 
so-called  "Associated  Liquids"  or  "ionizing  solvents"  are  quite  non-polar 
insofar  as  no  considerable  separation  of  positive  and  negative  charges  in 
the  molecule  takes  place.  One  of  the  properties  of  a  completely  polar 
compound  is  that  of  crystallizing  in  a  space  lattice,  of  which  the  individual 
ions  are  the  units.  The  ions  are  held  together  by  powerful  electrostatic 
forces,  and  the  melting  point  of  such  a  crystalline  substance  is  high. 
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Non-polar  compounds,  on  the  other  hand,  crystallize  presumably  with  the 
molecule  as  the  unit.  Since  the  intermolecular  forces  are  of  the  nature  of 
stray  fields  from  the  atoms,  which  are  relatively  weak,  non-polar  com- 
pounds do  not  have  high  melting  points.  The  "ionizing  solvents"  are, 
however,  quite  different  in  properties  from  a  non-polar  liquid  of  the  type 
of  liquid  nitrogen.  The  atoms  of  the  nitrogen  molecule  are  "saturated." 
This  is  another  way  of  saying  that  the  stray  fields  around  the  molecule 
are  not  strong  enough  nor  diversified  enough  to  produce  much  interaction 
between  the  molecules.  On  the  other  hand,  the  properties  of  the  "ioniz- 
ing solvent"  depend  upon  the  existence  of  moderately  strong  inter- 
molecular fields.1  Dielectric  constant  is  a  measure  of  this  type  of 
"polarity"  but  has  no  significance  with  regard  to  highly  polar  com- 
pounds. 

The  metals  in  the  middle  of  the  long  groups  of  the  periodic  table,  which 
we  have  previously  avoided  discussing,  form  compounds  intermediate 
in  character  between  the  highly  polar  salts  and  the  non-polar  acids. 
They  show  to  a  high  degree  the  property  which  Werner  has  designated 
as  coordination  number.  Abegg  and  Bodlander'  point  out  that  the 
solubility  and  ionization  of  the  salts  of  these  metals  is  connected  with  this 
tendency  to  form  ionic  complexes.  In  other  words  the  simple  salts  of 
these  elements,  which  are  in  themselves  not  highly  polar,  become  more 
polar  through  reaction  with  the  solvent  or  other  molecules.  It  is  not 
surprising  that  a  salt  such  as  cadmium  chloride  should  be  slightly  disso- 
ciated in  water  solution  but  rather  that  any  salt  of  these  metals  should  be 
a  good  electrolyte. 

Bntnunr,  Cajjf. 


[Contribution  prom  ths  Research  Laboratory  op  thb  S.  S.  White  Drntal 
Manufacturing  Company.] 

THE  SYSTEM  ZINC  OXIDE,  PHOSPHORUS  PENTOXIDE  AND 
WATER  AT  250  AND  37°. 

By  N.  E.  Ebbrxy,  C.  V.  Gross  and  W.  S.  Croweix. 

Received  May  4.  1920. 

Introduction. 

The  zinc  salts  of  phosphoric  acid  are  of  interest  in  the  study  of  dental 
cements.  The  following  is  a  part  of  a  more  extended  investigation  of 
the  reactions  and  equilibria  involved  in  the  manufacture  and  use  of  such 
plastic  compounds. 

The  phosphates  of  zinc,  particularly  the  acid  salts,  have  been  very 
tittle  studied.    Graham  describes  an  acid  salt,  ZnHP04.H20.    Heintz8 

1  Cf.  Harkins  and  King,  This  Journal,  41,  971  (1919). 
1  Abegg  and  Bodlander,  loc.  cit. 
'Heintz,  Ann.,  143,  356  (1867). 
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was  not  able  to  prepare  it.  Demel1  describes  the  salt  Znj(HP04)i.2HiO 
as  separating  in  stable,  tridinic  crystals  from  concentrated  acid  solutions 
of  sp.  gr.  i .  5  or  more,  and  states  that  it  is  decomposed  by  water. 

The  neutral  zinc  orthophosphate,  Znt(POi)*,  has  been  studied  more 
fully.  The  tetrahydrate  has  been  obtained  from  zinc  carbonate  and 
orthophosphoric  acid  at  ioo°.    A  monohydrate  is  also  reported.* 

Various  investigators  have  reported  the  preparation  of  hydrates  of 
zinc  orthophosphate  by  precipitation.  The  evidence  of  higher  hydrates 
than  4HtO  is  based  upon  the  analyses  of  precipitates  filtered  from  solu- 
tions. Owing  to  the  colloidal  nature  of  these  preciptiates,  the  existence 
of  such  hydrates  is  questionable.  The  tetrahydrate  occurs  in  nature 
as  the  mineral  hopeite. 

In  view  of  the  scanty  information  obtained  from  the  literature,  the 
investigation  of  the  ternary  system,  zinc  oxide,  phosphorus  pentoxide  and 
water,  was  undertaken.  Since  we  are  concerned  with  the  stability  of 
the  system  at  ordinary  temperatures  and  the  reactions  occurring  in  it 
at  body  temperature,  the  isotherms  at  25  °  and  37  °  were  traced. 

Materials  Used. 

The  zinc  oxide  used  was  the  U.  S.  P.  grade.  Careful  analysis  indicated 
that  it  contained  only  traces  of  impurities,  chiefly  iron  and  silica.  It 
was  practically  99.8%  zinc  oxide. 

The  phosphoric  acid  used  was  U.  S.  P.  85%  phosphoric  acid.  It  was 
found  to  contain  traces  of  nitrates  (diphenylamine  gave  a  faint  blue  color), 
and  an  undeterminably  small  quantity  of  alkali.  It  was  free  from  chlo- 
rides, sulfates  and  pyrophosphoric  acid. 

Experimental  Method. 

The  experiments  were  carried  out  as  follows.  After  preliminary  ex- 
periments had  shown  the  approximate  course  of  the  curve,  solutions 
were  made  in  small  Erlenmeyer  flasks  of  Pyrex  glass  containing  zinc 
oxide  and  phosphorus  pentoxide  in  sufficient  quantity  to  be  slightly 
supersaturated.  The  more  dilute  solutions,  up  to  35%  of  phosphorus 
pentoxide,  were  allowed  to  crystallize  spontaneously.  The  more  con- 
centrated were  seeded  with  the  proper  crystalline  phase,  since  they  showed 
great  reluctance  to  crystallize  of  themselves. 

In  the  case  of  the  equilibrium  at  25  °,  the  tightly-stoppered  flasks  and 
their  contents  were  placed  in  a  mechanically-stirred  gas-heated  water 
bath,  provided  with  a  toluene  regulator  which  kept  the  temperature 
constant  without  attention  to  about  o.i°  for  months  at  a  time.  With 
occasional  agitation,  the  flasks  were  allowed  to  remain  in  the  bath  for 
some  weeks.  The  liquid  and  solid  were  removed  and  analyzed,  returned 
1  Demel,  Berl.  Ber.,  12,  1171  (1879). 

*  Fredel,  ibid.,  9,  Ref.  794  (1876);  Friedel  and  Sarasin,  /.  Ber.,  189a,  p.  519;   also 
Debray,  CompL  rend.,  52,  46  (1861)  and  59,  40  (1864). 
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and  the  analyses  repeated  at  2-week  intervals  until  constant  results  were 
obtained.  At  37  °  the  flasks  were  kept  in  a  bacteriological  incubator 
which  was  observed  to  be  constant  to  0.250  over  a  long  period. 

Considerable  difficulty  was  experienced  in  making  up  solutions  with  less 
than  20%  phosphorus  pentoxide,  since  the  solid  phase  was  more  soluble  in 
the  cold  than  at  the  boiling  point.  The  following  procedure  was  adopted. 
The  preliminary  experiments  had  shown  the  approximate  course  of  the 
curve.  Concentrated  solutions  were  prepared  such  that  on  dilution  they 
would  be  of  the  proper  composition.  They  were  cooled  rapidly  in  ice 
and  diluted  with  the  proper  quantity  of  cold  water,  shaken  vigorously 
and  placed  at  once  in  the  bath  at  the  proper  temperature.  The  rise  in 
temperature  caused  crystallization. 

Methods  of  Analysis. 

Samples  of  the  liquid  phase  were  withdrawn  with  a  pipet  provided  with 
a  filter  of  cotton  wool.  Zinc  and  phosphoric  acid  were  determined  in 
the  same  solution.  It  was  found  that  phosphoric  acid  in  such  large  quan- 
tities caused  errors  in  the  determination  of  zinc  by  titration  with  potas- 
sium ferrocyanide.  The  phosphoric  acid  was  removed  by  precipitation 
with  magnesia  mixture.    The  first  precipitate  was  washed  with  2.5% 


Equilibrium  at 

25°. 

Solution. 

Crystals  and  mother  liquor. 

No. 

%  P1O1. 

%ZnO. 

%  P1O1. 

%ZnO. 

I 

508 

2.38 

1562 

22.75 

1  Locate 

2 

9.76 

465 

17.04 

20.89 

1  Zn,(PO«),  :  4HaO 

3.... 

12.42 

6.13 

Zn054-3%.     Pj05  3io%. 

4... 

..      13-52 

6.56 

H,0  14.7%. 

5... 

I4.OO 

6.74 

6.... 

..      14.15 

6.92 

7... 

..      14-37 

6.97 

8.... 

-.      14.83 

734 

9.-.. 

..      15.98 

771 

• 

10 

..      17.15 

8.26 

H 

12 

..      18.33 
..      22.75 

8-73 
IO.74 

19  50 
2392 

II.  15 
I370  t 

•  Indeterminate. 

13... 

..      26.48 

12.47 

2705 

14.18 

14... 
15... 

16.... 
17.... 

..      28.70 
..      30.09 
-.      32.55 
..      3379 

1348 
14.16 
15.40 
15  82 

29.82 

31  03 
33  07 
33-82 

19- 47 
20.78 
23.98 
21.58 

Locate  ZnHPO^  3H20. 
►      Zn0  37-8%.  PiOs33-o%. 
H,0  292%. 

18.... 

••      37.15 

17.30 

36.73 

2150  t 

19... 

-.     37  76 

17.65 

20 

..     3961 

18.04 

21 

..     42.05 

16.14 

47.77 

27.48 

Locate 

22 

..     4453 

1320 

Zn(H,P04)»  :  2H,0 

23.... 

..     48.70 

9-58 

48.00 

2713  , 

ZnO  273%.     P*06  47.9%. 

24.... 

..     52.25 

7.64 

H,0  24.8%. 

25.... 

..     5597 

723 
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Equilibrium  at  37°. 
Solution.  Crystal*  and  mother  liquor. 


Locate 

ZnHP04  :  H,0 
ZnO  44.1%.    PiO* 
HtO  17.4% 


No.  %P«Oi.  %ZnO.  %P.Ot.  %ZnO. 

I......        4.87  2.08  

2 9.46  4.12  

3 X3.60  6.27  

4 18.13  8.78  

5 I9-48  9-66  

6 20.32  10.16  

7 21.96  10.88  

8 26.75  13.26  

9 29.65  1477  

10 3339  17.06  

11 3458  1792  

12 36.13  16.00  

13 37.8o  15.78  38.92  34-38 

14 3993  16.12  3954  4I-30 

15 4242  1581  40.58  3405 

16 42.65  16.82  40.09    3908 

17 44-89  1783  "  

18 46.11  18.05  

19 46.41  14  74  

20 48.99  12.55  

21 51-35  11.26  

22 51*92  11. 12  

23 5432  10.82  

ammonium  hydroxide,  dissolved  and  reprecipitated  carefully  by  the 
method  of  Schmitz,1  filtered  on  a  Gooch  crucible,  dried,  ignited  and  the 
phosphoric  add  weighed  as  magnesium  pyrophosphate.  The  zinc  oxide, 
was  determined  in  the  combined  filtrate  by  careful  titration  with  potas- 
sium ferrocyanide  by  the  method  of  Lowe.* 

The  drained  crystals,  with  mother  liquor  adhering,  were  analyzed  in 
the  same  way,  thus  giving  2  points  on  the  straight  line  connecting  the 
composition  of  the  solid  phase  and  that  of  the  liquid  phase. 

Before  considering  the  ternary  system,  the  binary  systems  zinc  oxide 
water  and  phosphorus  pentoxide  water  should  be  considered.  The  first 
can  be  dismissed  by  stating  that  zinc  oxide  is  relatively  insoluble  in  water 
at  ordinary  temperatures.  The  second  has  been  very  completely  in- 
vestigated by  Smith  and  Menzies.*  Their  results  were  expressed  in 
terms  of  orthophosphoric  acid  and  water.  We  have  recalculated  them  in 
terms  of  phosphoric  pentoxide  and  water  and  find  that  the  solubility 
of  phosphoric  pentoxide  in  water  will  not  affect  our  results  until  high  con- 
centrations are  reached.  The  isotherm  at  25  °  intersects  the  solubility 
curve  in  3  points,  62.5%,  68.4%  and  68.7%  pentoxide.     It  would  be 

*  Schmitz,  Z.  anal.  Chem.,  45,  512  (1906). 

1  Low,  "Technical  methods  of  Ore  Analysis/'  Sixth  edition,  p.  284. 

*  Smith  and  Menzies,  This  Journai,,  31,  1 183  (1909). 
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interesting  to  trace  the  equilibrium  relations  around  these  concentrations. 
Unfortunately,  the  experimental  difficulties  are  great  and  lack  of  time 
restricted  our  work  to  concentrations  below  55%. 

The  isotherms  at  25  °  and  37  °  are  plotted  in  Fig.  1.  The  first  branch 
of  the  curves  represents  the  solubility  of  neutral  zinc  orthophosphate 
tetrahydrate,  Znt(P04)*.4HtO,  in  phosphoric  acid  of  increasing  concen- 
tration.   It  will  be  noted  that  the  37  °  isotherm  lies  below  the  25  °,  showing 


20  $0  40 

Per  cent  phosphoric  anhydride. 

Fig.  1. 
that  the  solubility  decreases  as  the  temperature  increases.  At  25  °  this 
branch  of  the  curve  ends  at  P,0*  =  15.2%,  ZnO  =  7.5%.  At  370  it 
ends  at  P*0§  =  20.3%,  ZnO  =  10.1%.  The  lower  solubility  and 
higher  acidity  at  the  quadruple  point  at  37  °  can  be  attributed  to  greater 
hydrolysis  at  the  higher  temperature.  The  tetrahydrate  separates  in 
shining  plates  similar  in  appearance  to  magnesium  ammonium  phosphate. 
H  caused  to  form  slowly,  large  transparent  plates  or  short  prisms  can  be 
prepared. 
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At  the  quadruple  point  Znt(P04)i4HiO,  ZnHP04.3H*0,  solution  and 
vapor  are  in  equilibrium. 

The  second  branch  of  the  curve  represents  the  solubility  of  zinc  hydro- 
gen orthophosphate  trihydrate,  ZnHPO^HjO,  in  phosphoric  acid  solu- 
tions. The  curve  at  37  °  lies  above  that  at  25  °,  showing  an  increase  of 
solubility  with  increasing  temperature.  The  curve  at  37  °  ends  at  about 
34%  phosphorus  pentoxide,  while  that  at  25 °  continues  to  the  quadruple 
point  at  40%  pentoxide  and  1 8 . 8%  zinc  oxide.  At  37  °  a  new  phase  makes 
its  appearance  at  34%  pentoxide.  Transparent  needles  of  Graham's 
phosphate,  ZnHPC^.EfeO,  separate  from  solutions  of  this  and  higher  con- 
centrations. The  salt  seldom  separates  pure,  but  is  always  contaminated 
at  first  with  the  adjacent  phases.  Equilibrium  is  very  slowly  reached 
even  when  the  solutions  are  seeded  with  crystals  of  the  proper  phase. 
Efforts  were  made  to  crystallize  this  salt  at  25  °,  but  without  success,  and 
no  evidence  of  its  existence  could  be  obtained  except  from  a  slight  ir- 
regularity of  the  curve  near  the  second  quadruple  point.  Either  the 
upper  end  of  the  curve  at  25  °  represents  a  metastable  condition  which 
we  were  not  successful  in  destroying  or  the  monohydrate  does  not  appear 
at  this  temperature.  In  any  event,  Heintz'  failure  to  prepare  this  salt 
can  be  readily  understood. 

At  25  °  the  second  quadruple  point  represents  the  equilibrium  between 
ZnHP04.3H*0,  Zn(HiP04)*.2H20,  solution  and  vapor.  Above  this  point 
large,  transparent  rhombohedrons  of  the  latter  salt  separate  slowly  from 
the  solutions.  The  solubility  decreases  rapidly  as  the  concentration  of 
the  pentoxide  increases. 

At  370  another  branch  is  inserted  between  the  Z11HPO4.3H2O  curve 
and  the  Zn(H2P04)2.2H20  curve,  which  represents  the  solubility  of  the 
Z11HPO4.H2O,  Graham's  phosphate.  Great  difficulty  was  experienced  in 
determining  the  curve  since  equilibrium  was  reached  very  slowly.  Nearly 
6  months  elapsed  before  the  composition  of  the  solutions  became  con- 
stant. In  some  instances  the  trihydrate  separated  first  in  spite  of  seed- 
ing with  the  monohydrate,  and  a  long  time  elapsed  before  this  salt  redis- 
solved.  In  the  more  concentrated  solutions  a  salt  of  the  composition 
Zn(HsP04)s  separated,  and  the  crystals  slowly  broken  down  into  needles 
of  the  monohydrate.  There  is  some  uncertainty  as  to  the  exact  location 
of  these  2  quadruple  points,  but  we  feel  that  they  are  located  to  within 
1%.  The  quadruple  point  ZnHPO^IfeO,  ZnHPO^HjOi  solution,  vapor, 
is  at  34.6%  pentoxide  and  17.6%  zinc  oxide.  The  quadruple  point 
ZnHPO^HsO,  Zn(H2P04)2.2H20  solution,  vapor,  is  at  45.7%  pentoxide 
and  18.5%  zinc  oxide. 

The  hydrolytic  precipitation  of  the  zinc  orthophosphate  tetrahydrate 
from  dil.  phosphoric  acid  solutions  leads  to  a  simple  method  for  its  prepara- 
tion in  a  pure  state.    A  solution  containing  50%  pentoxide  (85%  phos- 
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phoric  acid  diluted  with  x/%  of  its  weight  of  water)  is  saturated  at  the 
boiling  point  with  zinc  oxide.  The  water  lost  by  evaporation  is  replaced 
and  the  solution  rapidly  cooled  first  to  room  temperature,  then  in  cracked 
ice.  About  10  volumes  of  ice-cold  water  are  added  and  the  solution  vio- 
lently stirred  and  poured  through  a  filter  into  a  large  porcelain  dish.  The 
(fish  and  its  contents  are  heated  with  stirring  on  a  water  bath.  A  large 
quantity  of  shining  plates  of  the  neutral  tetrahydrate  will  separate.  The 
crystals  are  filtered  out  and  washed  clean  with  boiling  water,  sucked  dry 
on  a  plate  and  spread  out  in  a  thin  layer  to  air  dry.  This  gives  a  pure 
product  of  constant  composition,  uncontaminated  with  alkalies  and  with- 
out excess  zinc  or  phosphoric  acid. 

A  microscopic  study  of  the  various  phases  was  made  with  the  following 
results. 

Znt(PO«)i  :  4H1O.    Shining  orthorhombic  plates. 

ZnHPO*  :  3H1O.    Sticky,  threadlike  crystals  agglomerating  into  cotton-wool-Hke 
masses.    Optical  properties  could  not  be  observed. 

ZnHPOi  :  HjO.    Small,  hard,  transparent  needles.    Extinction  oblique  to  long 
axis,  probably  tridinic. 

Zn(HjP04>  :  2HjO.     Large,  transparent  triclinic  rhombohedra. 

Summary. 

The  isotherms  at  25 °  and  37  °  of  the  ternary  system  ZnO^Oa  :  H*0 
have  been  traced  to  55%  phosphorus  pentoxide. 

The  following  solid  phases  separated  at  25 °:  Zn^POiV^iO,  ZnHPC>4.- 
3H,0  Zn(H*P04)*.2H*0. 

At  370  an  additional  phase  was  noted,  viz.:  ZnHP04.H20. 

A  method  of  preparing  pine  neutral  zinc  orthophosphate  tetrahydrate 
has  been  described. 

Philadslfhia,  Pbnn. 
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I.  Introduction. 

Zirconium  ores  may  be  expected  to  contain  besides  zirconium  such 

elements  as  silicon,  iron,  aluminum,  titanium,  calcium,  magnesium,  sodium 

aod  potassium.    In  addition  to  these  elements  others  such  as  thorium, 

cerium,  tin,  yttrium,  uranium,  manganese  and  phosphorus  are  often  found, 

1  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 
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while  tantalum,  erbium,  didymium,  beryllium,  scandium,  lead,  copper,  bis- 
muth, cobalt,  zinc  and  lithium  have  been  encountered.  It  is  evident  that 
an  accurate  determination  of  zirconium  in  mixtures  so  complex  requires 
careful  analytical  procedures.  When  this  Bureau  was  called  upon  to 
act  as  umpire  in  zirconium  ore  analyses  during  the  war  period,  an  ex- 
tended study  of  the  various  published  methods  for  this  determination 
was  made,  and  the  cupferron  method  described  in  the  following  pages 
was  finally  adopted.  Considerable  difficulty  was  experienced  at  first  in 
obtaining  complete  decomposition  of  zirconium  ores,  and  this  operation 
will,  therefore,  be  discussed  under  a  separate  heading. 

n.  Decomposition  of  the  Ore. 

Various  fluxes  have  been  employed  for  this  operation.  Sodium  car- 
bonate has  been  recommended  by  Ferguson,1  Brown,2  and  Wunder  and 
Jeanneret.8  Fusions  with  this  reagent  are  usually  tedious  and  often  in- 
complete, even  though  the  material  has  been  ground  to  a  very  fine  pow- 
der and  well  mixed  with  the  flux. 

Potassium  hydrogen  sulfate  was  employed  by  Dittrich  and  Pohl4  and 
is  specified  in  a  method  given  by  Johnstone.5  This  flux  and  the  related 
one,  potassium  pyrosulf ate,  give  good  fusions  of  some  ores  like  baddeleyite, 
and  works  very  slowly  and  often  incompletely  on  others,  such  as  zircon. 

Sodium  hydrogen  sulfate  has  been  recommended  by  J.  Lawrence  Smith6 
as  being  far  preferable  to  potassium  pyrosulfate  for  the  decomposition 
of  emery.    It  may  prove  valuable  in  zirconium  ore  fusions. 

Sodium  peroxide  has  been  recommended  by  Travers,7  and  also  by 
Holladay.8  Travers  obtained  excellent  fusions  by  mixing  one  g.  of  the 
finely  ground  ore  with  10  g.  of  sodium  peroxide  and  fusing  for  a  few  min- 
utes in  a  nickel  crucible.  Holladay  recommends  a  sodium  carbonate 
lining  which  is  described  as  follows.  "The  sodium  carbonate  lining, 
which  has  for  its  object  the  prevention  of  attack  of  the  crucible  by  sodium 
peroxide  with  consequent  introduction  of  a  large  amount  of  nickel  into 
the  zirconium  solution,  is  made  by  fusing  sodium  carbonate  in  the  crucible 
at  1050-1100°  and  causing  it  to  cool  in  an  even  layer  on  the  bottom  and 
sides.  Several  grams  of  peroxide  are  then  melted  in  the  crucible  and  al- 
lowed to  solidify  on  the  bottom,  and  the  mixture  of  ore  and  peroxide  is 
1  J.  D.  Ferguson,  Eng.  Mining  J.,  106,  793-794  (191 8). 

*  Jas.  Brown,  This  Journal,  39,  2358-66  (191 7). 

*  M.  Wunder  and  B.  Jeanneret,  Z.  anal.  Chetn.,  50,  733-5  (191 1). 
4  M.  Dittrich  and  R.  Pohl,  Z.  anorg.  Chem.,  43,  236-241  (1905). 

■  S.  J.  Johnstone,  "The  Rare  Earth  Industry,"  C.  Lockwood  &  Son,  1915,  p.  5 1 . 

•J.  Lawrence  Smith,  Compt.  rend.,  31,  48-50,  191-193  (1850);  SUliman's  J.p  x0, 
354-309  (1850). 

7  A.  Travers,  Chimie  et  Industrie,  2,  385-392  (1919). 

»  Private  communication  from  J.  A.  Holladay,  Electro  Metallurgical  Company, 
Niagara  Falls,  N.  Y. 
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placed  on  top  of  this.  The  function  of  the  layer  of  peroxide  is  to  prevent 
particles  of  ore  being  caught  in  the  carbonate  lining  and  remaining  un- 
fnsed.  Sodtun  carbonate  does  not  melt  at  the  comparatively  low  tem- 
perature required  for  the  peroxide  fusion  and  thus  protects  the  crucible 
from  attack." 

Potassium  hydrogen  fluoride  and  also  a  recommended  mixture  of  potas- 
sium pyrosulfate  and  potassium  fluoride  have  been  mentioned  favorably. 
It  seems  quite  possible  that  some  zirconium  may  be  volatilized  as  fluoride 
if  the  first  named  flux  is  used  at  high  temperatures.  Both  fluxes  require 
subsequent  complete  removal  of  all  fluorine. 

Borax  has  been  used  with  success  at  the  Bureau  of  Standards  for  the 
fusion  of  all  zirconium  ores  as  described  under  HI.  The  flux  does  not 
cause  any  complications  in  the  cupf  erron  precipitation  which  is  subse- 
quently employed;  if  desirable,  the  boric  acid  can  afterwards  be  easily 
removed  by  volatilization  as  methyl  borate  in  the  usual  manner.  Boric 
acid  has  not  proven  as  satisfactory  as  borax. 

HI.  The  Bureau  of  Standards  Method  for  the  Determination  of  Zir- 
conium and  Titanium  in  Zirconium  Ores. 
A.  Preliminary  Remarks. 
This  method  employs  cupferron  as  a  final  precipitant  and  was  adopted 
after  a  careful  consideration  of  many  possibilities.  The  following  brief 
outline  of  the  method  indicates  the  manner  in  which  the  possible  inter- 
fering elements  are  eliminated  or  provided  for  and  will  make  clear  the 
various  steps  in  the  method.  After  fusion  of  the  ore  with  borax,  solu- 
tion of  the  melt  in  hydrochloric  acid  and  evaporation  to  the  appearance 
of  fumes  with  sulfuric  acid,  the  solution  is  cooled,  diluted  and  digested 
in  order  to  throw  out,  together  with  the  impure  silica,  interfering  quanti- 
ties of  phosphorus  as  zirconium  phosphate.  This  insoluble  matter  is 
filtered  off,  ignited  and  treated  with  sulfuric  and  hydrofluoric  acids  to  re- 
move silicon.  A  sodium  carbonate  fusion  of  the  non-volatile  matter 
fouov#ed  by  a  water  extraction  and  filtration  serves  to  remove  the  phos- 
phorus. Zirconium  and  titanium  in  the  water-insoluble  are  recovered  by 
ignition,  fusion  with  pyrosulfate,  solution  in  acid  and  addition  to  the  main 
solution.1  Interfering  quantities  of  such  elements  as  calcium,  magne- 
sium, potassium,  sodium,  lithium,  copper,  cobalt,  manganese,  zinc  and 
taron  (introduced  in  the  fusion)  are  next  removed  by  an  ammonium 
hydroxide  precipitation  followed  by  filtration.  Solution  of  the  ammonium 
hydroxide  precipitate  in  acid,  and  treatment  with  hydrogen  sulfide  elim- 
inates tin,  lead,  bismuth  and  any  remaining  copper.  The  filtrate  from 
1  Tantalum  when  present,  should  come  down  with  silica  in  the  sulfuric  acid  treat- 
ment and  subsequently  resist  solution  of  the  carbonate  melt.  Traces  of  tantalum  left 
in  solution  would  afterwards  be  caught  in  the  hydrogen  sulfide  precipitation  in  sulfuric 
Kid  solution. 
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the  hydrogen  sulfide  precipitation  is  next  treated  with  tartaric  acid,  am- 
monium hydroxide  and  hydrogen  sulfide  to  throw  out  iron  and  any  cobalt, 
manganese  and  zinc  which  may  have  escaped  the  ammonium  hydroxide 
separation.  The  above  operations  leave  in  solution  at  this  point  zir- 
conium, titanium,  thorium,  cerium  (and  any  other  rare  earths),  aluminum , 
beryllium,  uranium,  and  possibly  some  phosphorus.  After  acidification  with 
sulfuric  acid,  and  boiling  to  expel  hydrogen  sulfide,  the  solution  is  cooled 
and  treated  with  an  aqueous  solution  of  cupferron,  whereby  zirconium  and 
titanium  ate  quantitatively  precipitated  together  with  varying  ajnounts 
of  thorium,  cerium  and  other  rare  earths;  while  aluminum,  beryllium,1 
uranium,  phosphorus,  and  the  remainder  of  the  rare  earths  remain  in  solu- 
tion. The  ignited  and  weighed  cupferron  precipitate  is  then  fused  with 
potassium  pyrosulfate,  dissolved  in  sulfuric  acid,  and  the  solution  divided 
into  2  equal  parts  for  the  determination  of  titanium  and  the  rare  earths. 
The  procedure  for  the  determination  of  titanium  depends  on  its  amount; 
for  small  amounts  Weller's2  colorimetric  method  is  used,  while  for  large 
amounts,  the  aliquot  is  reduced  to  Ti2CV  in  a  Jones  reductor  containing 
ferric  alum  in  the  receiver  and  then  oxidized  to  TiO«  by  a  standard  per- 
manganate solution.  The  rare  earths  oxides  are  determined  in  the  second 
aliquot  by  a  preliminary  hydrofluoric  acid  precipitation  followed  by  an 
oxalate  separation  as  recommended  by  Hillebrand.4  Zirconium  oxide 
is  then  calculated  by  difference. 

The  following  discussion  of  3  other  methods  which  were  seriously  con- 
sidered may  be  of  interest. 

1.  The  Substitution  of  Ammonium  Hydroxide  for  Cupferron  as  the  Final 
Precipitant. — This  proceedure  would  possess  the  advantage  of  a  complete 
precipitation  of  the  rare  earths  (and  therefore  provide  for  their  determina- 
tion in  the  same  sample),  and  the  disadvantages  of  requiring  complete 
removal  of  tartaric  acid  before  precipitation,  as  well  as  complicating  the 
analysis  by  throwing  down  aluminum,  beryllium,  uranium  and  phos- 
phorus. In  case  the  ore  was  originally  decomposed  by  a  sodium  per- 
oxide fusion,  followed  by  boiling  with  water  and  filtering,  the  greater 

1  Beryllium  and  scandium  were  not  considered  by  the  authors  in  a  paper  on  "The 
Use  of  Cupferron  in  Quantitative  Analysis"  (/.  Ind.  Eng.  Chcm.,  12,  344-350  (1920)). 
Subsequent  quantitative  tests  made  at  this  Bureau  have  demonstrated  that  beryllium 
when  present  alone  or  mixed  with  zirconium  and  titanium,  is  not  thrown  down  by  cup- 
ferron in  sulfuric  acid  solution  containing  tartaric  acid,  and  that  scandium  is  partially 
precipitated. 

*  A.  Weller,  Ber.,  15,  2593  (1882);  W.  F.  Hillebrand,  "The  Analysis  of  Silicate  and 
Carbonate  Rocks,"  U.  S.  Geol.  Surv.,  Bull.  700,  pp.  155-162. 

•  F.  Pisani,  Compt,  rend.,  59,  298  (1864);  H.  D.  Newton,  Am.  J.  Set.  (4th  Ser.),  25, 
130  (1908). 

4  W.  F.  Hillebrand,  "The  Analysis  of  Silicate  and  Carbonate  Rocks,"  U.  S.  Geol. 
Surv.,  Bull.  700,  pp.  176-177. 
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part  of  these  elements  would  go  into  the  water  extract  and  thus  be  elimi- 
nated. Perhaps  a  solution  by  acid  of  the  water-insoluble  portion,  followed 
by  neutralization  with  sodium  hydrogen  carbonate  and  peroxidation  as  de- 
scribed by  Noyes,  Bray  and  Spear,1  would  give  a  reasonably  complete 
separation.  Two  difficulties  arise  in  this  last  procedure,  namely,  com- 
plete precipitation  of  titanium  in  the  peroxidized  solution  is  accomplished 
only  by  vigorous  boiling  for  at  least  15  minutes,  and  this  operation  re- 
sults in  a  partial  precipitation  of  uranium. 

2.  Precipitation  with  Phenylhydrasine*  in  the  Method  as  Given,  after  the 
Precipitation  with  Hydrogen  Sulfide  in  Acid  Solution. — This  procedure 
would  possess  the  advantage  that  no  ammonium  tartrate — ammonium 
sulfide  treatment  to  remove  iron  would  be  required;  and  would  possess 
the  disadvantage  of  giving  a  complex  precipitate  similar  in  composition 
to  that  given  by  ammonium  hydroxide,  with  the  difference,  however, 
that  some  elements,  such  as  cerium,  would  be  incompletely  precipitated. 

3.  Direct  Precipitation  of  Zirconium  as  Phosphate  in  a  Sulfuric  Acid 
Solution  Containing  Hydrogen  Peroxide* — This  procedure  would  un- 
doubtedly require  preliminary  separations  such  as  are  employed  in  the 
Bureau  method.  In  case  the  amount  of  iron  were  not  excessive,  the  pre- 
cipitation would  finally  be  carried  out  in  the  filtrate  from  the  hydrogen 
sulfide  precipitation.  This  procedure  appears  to  be  most  attractive, 
since  it  affords  a  direct  determination  of  zirconium.  The  authors  do 
not,  however,  regard  this  method,  at  present,  as  entirely  satisfactory 
for  the  determination  of  large  amounts  of  zirconium,  since  uncertainties 
are  introduced  on  account  of  various  factors,  such  as:  (1)  Incomplete 
data  as  to  the  interference  of  elements  such  as  uranium;  (2)  the  tendency 
of  zirconium  phosphate  to  hydrolyze  upon  washing;  and  (3)  difficulties 
during  ignitiqp  owing  to  decrepitation. 

B.  Procedure. 
Fuse  4  g.  of  borax  in  a  platinum  crucible,  cool  and  place  on  top  of  the 
fused  mass  a  0.3000  g.  sample  of  ore  which  has  been  ground  to  approxi- 
mately 100  mesh.  Cover  the  crucible  and  fuse  thoroughly  over  a  Meker 
burner,  stirring  the  melt  occasionally  with  a  short,  stiff  platinum  rod  or 
wire  kept  in  the  crucible.  When  the  decomposition  of  the  ore  is  com- 
plete,4 remove  the  platinum  rod  and  put  it  in  the  beaker  used  for  the  solu- 

1  A.  A.  Noyes,  W.  C.  Bray  and  E.  B.  Spear,  Technology  Quarterly,  21,  36  (1908). 

1  B.  T.  Allen,  This  Journal,  25,  421-444  (1903). 

1 W.  F.  Hillebrand,  U.  S.  Geol.  Surv..  Bull.  700,  pp.  173-175;  G.  E.  F.  Lundell  and 
H.  B.  Knowles,  This  Journal,  41,  1801-1808  (1919). 

4  This  operation  does  not  ordinarily  require  more  than  half  an  hour.  If  determi- 
nations of  other  elements  such  as  aluminum,  calcium  and  magnesium  are  desired,  the 
substitution  of  sodium  peroxide  as  a  fusion  medium  (see  II)  is  desirable,  since  other- 
wise all  boric  acid  must  be  expelled  by  a  methyl  alcohol-hydrochloric  acid  treatment 
after  solution  of.  the  melt. 
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tion  of  the  melt.    As  the  melt  cools,  gently  twirl  the  crucible  in  order 
to  run  the  fusion  up  on  the  sides. 

Dissolve  the  cooled  melt  in  150  cc.  of  1  :  5  hydrochloric  acid  in  a  250-cc. 
beaker  by  filling  the  crucible  with  acid,  inverting  in  such  a  manner  that 
one  edge  of  the  crucible  rests  on  the  crucible  cover,  which  has  been  placed 
on  the  bottom  of  the  beaker,  thus  allowing  free  circulation  of  the  sol- 
vent,  and  then  gently  warming  on  the  steam  bath. 

Transfer  the  solution  to  a  platinum  dish,  add  20  cc.  of  1  : 1  sulfuric 
acid,  and  evaporate  till  heavy  fumes  escape.  Cool,  dilute  to  100  cc.  with 
water,  filter  off  the  impure  silica,  wash  with  hot  water,  and  reserve  for 
subsequent  treatment.  Digest  the  filtrate  and  washings,  preferably 
warm  and  overnight,  to  throw  down,  as  zirconium  phosphate,  interfer- 
ing amounts  of  phosphorus.  If  a  precipitate  appears,  filter,  wash  with 
5%  ammonium  nitrate  solution,  reserve  the  paper  and  residue  and  treat 
the  filtrate  and  washings  as  described  below. 

Add  approximately  5  g.  of  ammonium  chloride  and  then  ammonium 
hydroxide  in  slight  excess.  Boil  the  solution  for  one  or  two  minutes, 
filter,  wash  with  2%  ammonium  nitrate  solution  and  discard  the  filtrate.1 

Dissolve  the  precipitate  in  100  cc.  of  hot  5%  sulfuric  acid,  wash  thor- 
oughly with  hot  water  and  reserve  the  filtrate  and  washings. 

Ignite  the  filter  paper,  together  with  the  reserved  papers  containing 
impure  silica  and  zirconium  phosphate,  in  the  original  platinum  crucible. 
Moisten  the  ash  with  water,  add  one  cc.  of  1  : 1  sulfuric  acid,  5  cc.  of  hydro- 
fluoric acid  and  evaporate  to  complete  expulsion  of  sulfuric  acid.  Fuse 
the  residue  with  a  small  amount  of  sodium  carbonate,  digest  the  melt  in 
water  and  filter  off  the  insoluble  residue.  Wash  the  residue  with  hot 
water,  ignite  it  in  a  platinum  crucible,  fuse  with  potassium  pyrosulfate, 
dissolve  the  cooled  fusion  in  hot  5%  sulfuric  acid  and  add  the  solution 
to  the  reserved  solution.  (The  above  steps  serve  to  remove  phosphoric 
acid  and  to  recover  any  zirconium  that  accompanies  the  silica,  or  that  has 
been  precipitated  by  ammonium  hydroxide  as  phosphate  and  subse- 
quently resists  solution  in  5%  sulfuric  acid.) 

Dilute  or  neutralize  with  ammonium  hydroxide  till  the  solution  con- 
tains approximately  1%  (by  volume)  of  sulfuric  acid,  treat  with  hydrogen 
sulfide,  and  filter  if  the  hydrogen  sulfide  group  is  indicated.  If  indicated, 
wash  well  with  a  1%  sulfuric  acid  solution  saturated  with  hydrogen  sul- 
fide.9 Keep  the  volume  of  the  filtrate  at  approximately  200  cc.  To  the 
solution  add  tartaric  acid  in  amount  equal  to  5  times  the  aggregate  weight 
1  If  a  determination  of  such  elements  as  copper,  manganese,  zinc,  calcium  and 
magnesium  is  desired,  a  double  precipitation  should  be  performed,  and  the  combined 
nitrates  treated  as  in  ordinary  analysis.  Where  extreme  accuracy  is  desired,  due 
attention  should  be  paid  to  the  slight  recoveries  of  copper,  cobalt,  zinc  and  manganese 
subsequently  made. 

*  The  treatment  of  the  add  solution  with  hydrogen  sulfide  instead  of  proceeding 
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of  the  bases  to  be  held  in  solution;  when  the  acid  has  dissolved,  make  the 
solution  ammoniacal  and  saturate  with  hydrogen  sulfide.  Filter  through 
the  equivalent  of  an  S.  and  S.  blue-ribbon  No.  589  paper,  wash  with 
ammonium  sulfide-ammonium  chloride  solution  and  refilter,  on  a  new 
filter,  if  traces  of  iron  sulfide  are  suspected  in  the  filtrate.1 

Carefully  acidify  to  a  total  acidity  of  10%  sulfuric  acid  (by  volume)  in 
400  cc.,  boil  to  expel  hydrogen  sulfide,  filter  if  sulfides  are  indicated,  and 
cool  the  solution  to  from  5  to  140. 

Precipitate  with  an  excess  of  a  cold  6%  water  solution  of  cupferron.  An 
excess  of  the  precipitant  is  indicated  by  the  formation  of  a  fine,  white  pre- 
cipitate, which  redissolves,  instead  of  a  curdy  one  which  persists.2  Filter 
after  a  5-xninute  digestion,  using  a  filter  paper  and  platinum  cone  with 
gentle  suction.  Thoroughly  wash  the  precipitate  with  cold  10%  (by 
volume)  hydrochloric  acid.* 

Carefully  dry  and  ignite  the  paper  and  precipitate  in  a  tared  platinum 
crucible  and  finally  ignite  over  a  blast  lamp  or  its  equivalent.4  Cool  in 
a  desiccator  and  weigh  as  oxides  of  zirconium,  titanium  and  rare  earths.6 
directly  with  an  ammonium  sulfide  treatment  is  carried  out  for  the  following  2  reasons: 
(x)  it  serves  to  show  up  immediately  all  members  of  the  hydrogen  sulfide  group;  and 
(2)  unless  the  iron  is  reduced  before  precipitation  as  sulfide,  titanium  will  be  in  part 
thrown  down  also  (A.  Cathrein,  Z.  Kryst.  Min.t  6,  243  (1882);  7,  250  (1883);  W.  M. 
Thornton,  Jr.,  Am.  J.  Set.,  [IV]  37, 407-414  (19x4)-  The  sulfide  precipitate  may  contain 
tin,  copper,  lead  and  bismuth,  together  with  some  platinum  resulting  from  attack  of  the 
crucible  during  the  various  previous  operations.  If  desired,  these  may  be  determined 
after  the  recovery  and  inclusion  of  the  copper  present  in  the  filtrate  from  the  ammonium 
hydroxide  precipitation. 

1  All  of  the  iron  in  the  sample  taken,  together  with  any  manganese,  zinc  and  cobalt, 
which  came  down  with  the  ammonium  hydroxide  precipitate,  are  caught  at  this  point 
as  sulfides.  In  case  a  determination  of  iron  alone  is  desired,  the  simplest  procedure 
would  consist  in  solution  of  the  sulfide  in  sulfuric  add,  elimination  of  hydrogen  sulfide 
reduction  in  a  Jones  reductor,  and  titration  with  permanganate. 

1  The  color  of  the  precipitate  furnishes  an  excellent  indication  of  the  amount  of 
titanium  present,  since  zirconium  precipitates  are  pure  white  while  titanium  precipi- 
tates are  yellow.    A  brownish  tint  indicates  iron  or  vanadium. 

a  Clear  filtrates  and  washings  indicate  complete  precipitation  of  zirconium  and 
titanium,  while  cloudy  or  opalescent  ones  indicate  the  reverse.  The  latter  have  oc- 
casionally developed  and  no  satisfactory  explanation  has  been  found.  In  these  circum- 
stances, recoveries  must  be  made  as  follows.  Evaporate  the  solution  to  a  small  volume, 
destroy  the  organic  matter  by  treatment  with  nitric  acid,  and  finally  heat  till  fumes  of 
sulfuric  add  appear.  Cool,  dilute,  filter  off  any  silica  resulting  from  attack  of  the  glass- 
ware, and  precipitate  with  cupferron  in  a  10%  sulfuric  add  solution  as  directed  above. 

4  A  correction  for  silica  in  the  mixed  oxides  is  not  ordinarily  necessary.  In  umpire 
work  and  in  cases  where  a  recovery  has  been  obtained  from  the  first  cupferron  filtrate, 
this  correction  should  be  made,  paying  due  attention  to  adding  sufficient  sulfuric  add 
to  prevent  volatilization  of  zirconium  and  titanium  fluorides  and  avoiding  mechanical 
loss  during  the  expulsion  of  the  sulfuric  add. 

1  Although  vanadium  has  not  been  reported  as  a  constituent  of  zirconium  ores, 
it  may  be  worth  while  to  call  attention  to  the  fact  that  vanadium  is  partly  precipitated 
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Fuse  the  mixed  oxides  with  potassium  pyrosulfate,  take  up  in  10%  (by 
volume)  sulfuric  acid,  dilute  to  exactly  100  cc.  and  divide  into  two  50-cc. 
portions. 

Determination  of  Titanium  in  Portion  I. — If  the  percentage  of  titanium 
is  low,  determine  it  colorimetrically  by  Weller's  method;1  when  the  per- 
centage is  high,  reduce  to  titanium  sesquioxide1  in  a  Jones  reductor  con- 
taining ferric  alum-phosphoric  acid  in  the  receiver  and  then  oxidize  to 
titanium  dioxide  by  titration  with  standard  permanganate  solution. 

Determination  of  Rare  Earths  in  Portion  II. — Determine  the  rare  earths 
in  this  portion  by  Hillebrand's  method*  as  follows.  Precipitate  the  hy- 
droxides with  an  excess  of  potassium  hydroxide,  decant  the  liquid,  wash 
by  decantation  with  water  once  or  twice  and  then  slightly  on  the  filter. 
Wash  the  precipitate  from  the  paper  into  a  small  platinum  dish,  treat 
with  hydrofluoric  acid,  and  evaporate  nearly  to  dryness.  Take  up  in 
5  cc.  of  5%  (by  volume)  hydrofluoric  acid.  If  no  precipitate  is  visible, 
rare  earths  are  absent.  If  a  precipitate  is  present,  collect  it  on  a  small 
filter  held  by  a  perforated  platinum  or  rubber  cone  and  wash  it  with  from 
5  to  10  cc.  of  the  same  acid.  Wash  the  crude  rare-earth  fluorides  into 
a  small  platinum  dish,  burn  the  paper  in  platinum,  add  the  ash  to  the 
fluorides  and  evaporate  to  dryness  with  a  little  sulfuric  acid.  Dissolve 
the  sulfates  in  dil.  hydrochloric  acid,  precipitate  the  rare-earth  hydroxides 
by  ammonia,  filter,  redissolve  in  hydrochloric  acid,  evaporate  the  solu- 
tion to  dryness,  and  treat  the  residue  with  5  cc.  of  boiling  hot  5%  oxalic 
acid.  Filter  after  15  minutes,  collect  the  oxalates  on  a  small  filter,  wash 
with  not  more  than  20  cc.  of  cold  5%  oxalic  acid,  ignite  and  weigh  as  rare- 
earth  oxides,  which  are  to  be  deducted  from  the  weight  of  the  cupferron 
precipitate. 

The  above  procedure  does  not  give  an  absolutely  quantitative  re- 
covery of  the  rare  earths.    Experiments  indicate  a  recovery  by  the  method 

by  cupferron  in  a  10%  sulfuric  acid  solution.  In  case  vanadium  is  present  in  the 
ore,  either  of  2  procedures  may  be  followed.  1.  Substitution  of  a  peroxide  fusion  of  the 
ore  for  the  recommended  borax  fusion,  followed  by  a  water  extraction  of  the  cold  melt 
and  nitration  to  eliminate  vanadium  at  the  start  of  the  analysis.  2 .  Fusion  with  sodium 
carbonate  of  the  weighed  oxides  obtained  as  above  in  the  method,  followed  by  water 
extraction  and  filtration  to  separate  vanadium  from  zirconium,  titanium  and  the  rare 
earths.  The  determination  of  titanium  and  the  rare  earths  would  then  be  performed 
as  directed  in  this  method,  on  the  ignited  water-insoluble;  while  the  determination  of 
VjOft  would  be  carried  out  by  acidifying  the  sodium  carbonate  nitrate  with  sulfuric  acid, 
reducing  to  VjO*  in  a  Jones  reductor  containing  ferric  alum  in  the  receiver,  and  then 
oxidizing  to  VsO»  by  means  of  a  standard  permanganate  solution. 

1  A.  Weller,  Ber.t  15,  2593  (1882);  W.  F.  Hillebrand,  "The  Analysis  of  Silicate  and 
Carbonate  Rocks,"  U.  S.  Geol  Surv.,  Bull.  700,  pp.  155-162. 

*  F.  Pisani,  CompL  rend.,  59,  298  (1864);  H.  D.  Newton,  Am.  J.  Set.  [IV]  25,  130 
(1908). 

.»  W,  F-  Hiljebrand,  foct  fit.,  pp.  176-177. 
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of  approximately  85%  of  the  rare  earths  present  in  residues  containing 
100  mg.  of  zirconia,  2  mg.  of  thoria  and  2  mg.  of  ceria,  the  recovery  of 
thoria  being  more  complete  than  that  of  ceria. 

Attempts  which  were  made  to  omit  the  preliminary  separation  of  the 
rare  earths  as  fluorides  were  unsuccessful. 

IV.  Confirmatory  Analyses. 

The  analyses  listed  in  Table  I  were  carried  out  by  the  Bureau  Method 
on  samples  of  diorite  to  which  had  been  added  various  amounts  of  zir- 
conium, titanium,  thorium,  cerium  and  phosphorus.  All  of  the  elements 
which  might  be  present  in  zirconium  ores  were  not  added  because  re- 
searches by  the  authors  and  others1  dealing  with  the  use  of  cupferron  in 
quantitative  analysis  had  demonstrated  that  the  ones  added  were  most 
to  be  feared. 

Table  I.— -Analyses. 

Wt.  of  Wts.  found  in  g.  of: 

Weights  taken  in  g.  of:  ignited 


cupferron  ThOr- 

Expt.        Rock.        ZrOt.      TiOi.-      ThOa.      CeOi.       PtO*.   precipitate.   ZrOi.       TiOs.      CeOi. 

I O.05600.20960.OO34   0.2129  0.2090  0.0039 

0.0612  0.2151  0.0042   o. 0100  0.2192  0.2149  0.0043  .... 

0.0607  0.2x51  0.0042  0.0014  0.0013   0.2212  0.2152  0.0044  0.0016 

0.0630  0.2151  0.0043  0.0054  0.0052   0.2235  0.2153  0.0043  0.0039 

0.0621  0.2151  0.0042  0.0054  0.0052  0.0100  0.2234  0.2153  0.0043  0.0038 
a  Including  a  small  amount  of  TiOj  in  the  rock. 

The  results  obtained  show  a  gratifying  accuracy  for  the  method.  It 
was  expected  that  the  values  obtained  for  zirconium  would  be  high  in 
the  analyses  involving  thoria  and  ceria  on  account  of  their  probable  in- 
complete  recovery  from  the  ignited  cupferron  precipitate.  Thoria  is 
more  completely  precipitated  by  cupferron  than  is  ceria,  and  it  is  also 
more  completely  recovered  by  the  fluoride-oxalate  method.  The  rare- 
earth  recoveries  from  the  ignited  cupferron  precipitates  in  Expts.  3,  4 
and  5  were  therefore  probably  much  better  than  the  85%  obtained  when 
equal  parts  of  thoria  and  ceria  were  taken. 

V.  Summary. 

1.  Methods  of  decomposing  zirconium  ores  are  listed. 

2.  A  cupferron  method  for  the  determination  of  zirconium  and  titanium 
in  zirconium  ores  is  given. 

3.  The  method  provides  for  the  following  elements  which  have  been 
found  in  zirconium  ores:  zirconium,  titanium,  silicon,  thorium,  cerium, 
iron,  aluminum,  scandium,  yttrium,  erbium,  didymium,  beryllium,  calcium, 
magnesium,  sodium,  potassium,  lithium,  uranium,  phosphorus,  tantalum, 
manganese,  zinc,  cobalt,  tin,  lead,  copper  and  bismuth.  It  is  also  worthy 
of  note  that  chromium  and  nickel  do  not  interfere  in  a  cupferron  precipi- 
tation; that  tungsten  would  not  cause  trouble  since  it  is  removed  before 

1 G.  B.  F.  Lundell  and  H.  B.  Knowles,  J.  Ind.  Eng.  Chetn.,  ia,  344-350  (1920). 
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the  final  precipitation;  and  that  vanadium  would  require  special  treat- 
ment. Since  this  element  has  not  been  reported  in  zirconium  ores,  and 
since  its  presence  in  significant  amounts  would  be  indicated  at  various 
stages  of  the  analysis,  it  would  cause  no  trouble. 

The  authors  desire  to  express  to  Dr.  W.  F.  Hillebrand  of  this  Bureau 
their  sincere  appreciation  of  his  aid  and  counsel. 

Washington,  D.  C. 


[Contribution  from  the  Laboratory  op  Physical  Chemistry  op  the  Royal 
Poi,ytbchnicai,  Institute  op  Copenhagen.  1 

STUDIES  ON  SOLUBILITY.    H.    THE  SOLUBILITY  RATIOS  OP 
SALTS  IN  STRONG  HOMOIONIC  SOLVENTS. 

By  J.  N.  Bronstbd. 
Received  May  24,  1920. 

I.  Influence  of  Hydration  of  the  Solute. 

In  a  recent  paper1  a  treatment  of  solubility  equilibria  in  salt  solutions 
was  given  on  the  basis  of  the  provisional  hypothesis  that  the  stoichiometric 
activity  coefficient  in  a  mixed  salt  solution  is  the  same  for  any  ion  of 
the  same  type.  It  was  shown  that  the  general  features  of  the  solubility- 
curves  in  the  case  of  homoionic  as  well  as  heteroionic  solvents  could  be 
accounted  for  by  means  of  this  hypothesis. 

The  provisional  character  of  the  hypothesis  was  emphasized  by  point- 
ing out  several  factors  capable  of  causing  deviations  from  the  require- 
ments of  the  simple  assumption.  As  the  principal  of  these  factors  we 
can  name  the  secondary  electric  effect,  which,  besides  the  primary  Milner 
effect,  may  influence  the  potential  of  the  ions,  and  which  manifests  itself 
in  a  way  similar  to  that  of  incomplete  dissociation.  Furthermore,  there 
is  the  hydration  of  the  dissolved  ions  and  finally  the  electrostriction  ef- 
fect introduced  by  several  authors*  in  order  to  explain  the  salting-out 
effect  of  salt  solutions. 

As  a  start  on  a  general  discussion  of  the  influence  of  these  factors  we 
may  conveniently  put  the  simpler  case  of  considering  not  the  shape  of 
the  solubility  curve  itself,  but  the  ratio  of  solubilities  or  solubility  prod- 
ucts for  salts  of  varying  concentration  in  the  same  solvent.  If  the  sec- 
ondary electric  forces  exert  a  similar  effect  upon  the  activity  coefficients, 
which  presumably  is  the  case  when  the  ions  of  the  solute  possess  similar 
molecular  structure,  deviations  from  a  constant  solubility  ratio  would  be 
due  chiefly  to  changes  in  the  hydration  of  the  dissolved  ions.  If,  on  the 
other  hand,  constant  solubility  ratios  are  actually  found,  using  a  solvent 
of  considerably  changing  vapor  pressure,  we  may  be  entitled  to  conclude 

1  Kgl.  Danske  Vidensk.  Selsk.  Mathetnat.-fysiske  Medd.,  2, 10  (191 9);  This  Journal, 
42,  761  (1920).  s 

1  Euler,  Z.  physik.  Chem.,  31, 360  (1899) ;  Geffeken,  ibid.,  49, 257  (1904). 
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that  the  solutes  concerned  are  uniformly  hydrated  as  well  as  also  equally 
acted  upon  by  the  secondary  electric  forces. 

The  influence  of  hydration  of  the  Solute  can  readily  be  accounted  for 
thennodynamically  in  the  following  way.  If  the  ions  are  hydrated  in 
solution  and  the  activity  coefficients  are,  according  to  our  hypothesis, 
the  same  for  all  ions.  Equation  23  in  the  previous  paper  must  be  replaced 
by 

c'ac'ar  =  K  (i) 

where  c'a  and  c"a  are  the  concentrations,  respectively,  of  the  cation  and 
anion  in  the  anhydrous  state,  /  the  activity  coefficient  and  K  a  constant 
peculiar  to  the  saturating  salt.  If  this  salt  be  hydrated  in  the  solid  state 
also,  we  can  write 

where  £  indicates  the  activity  of  water  in  the  solution  and  v  the  number 
of  molecules  of  water  combined  with  one  molecule  of  the  solid  salt. 

Assuming  the  following  equilibria  to  occur  between  the  ions  in  the 
hydrated  and  anhydrous  states, 

«:«/h,o+  ^±  K+  +  *'H»0 

A  n'H20-  T^  A"  +  n'HtO 

and  assuming  the  concentration  of  the  anhydrous  ions  to  be  negligible 

when  compared  with  the  concentration  of  the  hydrates,  the  mass  action 

law  gives 

V  k9 

c'a  -  — ,  c',  and  c\  =  —  cw  (3) 

where  cf  and  c*  stand  for  the  total  (stoichiometric)  concentration  of  the 
ions. 

Introducing  these  expressions  in  (2)  and  putting  n'  +  nw  =  «  we  ob- 
tain finally 

eV-*C'  (4) 

In  this  formula  k  =  K/k'k*9  and  n  —  v  depends  upon  the  nature  of 
the  solute  only,  while  £  and  /  are  characteristic  of  the  solvent.  For  the 
solubility  ratio  of  2  salts  in  the  same  solvent,  therefore,  we  can  write 

{c'cw)2      k2' 
while  the  ratio  of  solubilities  of  the  same  salt  in  two  solvents  is  determined 

It  is  worth  noticing  that  Equation  4  is  also  arrived  at  from  the  assump- 
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tion  of  incomplete  dissociation,  n  in  that  case  indicating  the  total  number 
of  water  molecules  associated  with  one  molecule  of  partly  dissociated  salt. 

If  v  >  n,  i.  e.t  if  the  salt  is  more  hydrated  in  the  solid  than  in  the  dis- 
solved state,  increasing  concentration  of  the  solvent  will  tend  to  increase 
the  solubility.  This  effect  for  the  case  H  =  o  has  been  studied  by  H. 
Goldschmidt.1  If  n  >  p,  the  effect  will  be  the  opposite;  increasing  con- 
centration will  tend  to  diminish  the  solubility  corresponding  to  the  well 
known  salting-out  effect  of  salt  solutions.  This  effect  necessitates  an 
increase  in  the  activity  of  the  less  hydrated  or  anhydrous  substance  at 
constant  stoichiometric  concentration,  a  fact  that  has  been  recently 
pointed  out  by  Bjerrum,*  and  used  by  him  to  explain  the  behavior  of  the 
hydrogen  electrode  according  to  this  view. 

We  shall  in  the  following,  apply  Equation  5  to  the  solubilities  of  salts  in 
strong  homoionic  solvents.  Consideration  of  this  formula  shows  that — 
granting  the  validity  of  our  hypothesis — 2  salts  will  exhibit  a  constant 
solubility  ratio  either  when  dissolved  in  solvents  having  the  same  f,  i.  e.9 
the  same  vapor  pressure,  or  when  nx  —  v\  =  n*  —  v*,  i,  e.t  the  difference 
in  hydration  of  the  two  salts  in  the  dissolved  and  solid  states  is  the  same. 
Materially  differing  values  of  the  solubility  product  ratios  as  produced 
by  different  hydrations  are  to  be  expected  only  when  dealing  with  sol- 
vents of  very  high  concentration. 

II.  Experiments  with  Potassium  Hydroxide  as  Solvent. 

As  already  indicated  in  the  previous  article,  potassium  hydroxide  pos- 
sesses a  marked  power  of  reducing  the  solubility  of  other  substances,  a 
fact  which  is  probably  connected  with  a  high  degree  of  hydration  of  the 
hydroxyl  ion.  When  using  this  solvent  we  are  able  to  ejnploy,  therefore, 
salts  as  soluble  as  potassium  chloride,  bromide,  and  iodide  as  saturating 
salts,  the  solubility  in  strong  solutions  of  potassium  hydroxides  being 
sufficiently  diminished  for  the  treatment  of  the  solution  in  accordance 
with  the  above  considerations. 

Furthermore,  on  account  of  the  great  solubility  of  potassium  hydroxide, 
very  great  alterations  in  the  water  activity  can  be  obtained  with  this 
solvent,  which,  therefore,  according  to  Equation  5,  is  especially  fitted 
for  an  examination  of  degrees  of  hydration. 

The  results  of  a  series  of  measurements  on  univalent  potassium  salts 
at  20 °  are  given  in  Table  I. 

The  figures  in  this  table  denote  number  of  mols  in  one  liter  of  solution. 
We  see  the  solubilities  of  the  3  halides  and  of  potassium  chlorate  steadily 
decreasing  with  rising  concentration  of  potassium  hydroxide.  The 
solubility  of  potassium  nitrate  seems  to  keep  constant  in  the  most  con- 
centrated solutions,  and  with  the  iodate  a  slight  increase  is  noted. 
1  Z.  physik.  Chan.,  17,  145  (1895). 
*  Medd.  K.  VeUnskapsakad.  Nobclinst.,  5,  No.  16  (191 9). 
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Tabls  I. 

Solubility  of  Salts 

in  Potassium  Hydroxide  Solutions  at  t  =» 

20°. 

Ckoh. 

KCL 

KBr. 

KI. 

KNOt. 

KClOs. 

KIO* 

471 

I.605 

O.847 

O.0924 

O.0390 

506 

O.0882 

O.0362 

6-35 

O.0609 

O.0256 

7  90 

O.712 

1. 012 

0.455 





795 

O.450 

O.0445 

O.OI79 

8.60 

— 

O.0410 

.... 

941 

O.405 

0.693 

I.72 

O.364 

O.O351 

O.O144 

10.95 

O.273 

0.515 

I  -23 

O.298 

O.O287 

O.OI30 

11. 10 

0253 

0.451 

1. 176 

O.OI28 

12.19 

O.191 

0.348 

0933 

O.271 

0.0254 

O.O131 

12.92 

O.168 

0.306 

O.824 



O.OI35 

1384 

O.138 

0.247 

.... 

.... 

14.02 

O.136 

0.246 

O.672 

O.241 

O.0215 

O.OI54 

H  85 

O.I2I 

0.214 

O.232 

0.0195 

O.O194 

1502 

O.Il8 

0.210 

0.558 

O.233 

O.O191 



The  solubility  products  P  are  calculated  from  these  data,  for  instance 
for  potassium  chloride  as  P  =  C*KCi(Ckoh  +  Ckci)-  The  ratios  of  the 
products  appear  in  the  next  table. 

Table  II. 
Ratios  of  the  Solubility  Products  of  Salts  in  Potassium  Hydroxide  Solutions  at  /  =  200. 


Ckoh- 

4  71 

5-06 

635 

7.90 

795 

9  41 

10.95 

1 1. 10 

12.19 

12.92 

1384 

14.02 

H.85 
1502 


KBr 

Kcr 


I.67 


KI 
KCl* 


KNOa 
KCl  * 

0.457 


O.622 


KNOi 


KIO» 


1.76 

4.76 

O.898 

1.77 

4.92- 

1 .100 

1.82- 

4.96 

.... 

1.83 

5.15 

I.42 

1.84 

5.14 

.... 

1.80 

.... 

.... 

1.83 

5.15 

1. 81 

1.80 

.... 

1  93 

1. 80-1 

4-8Q-J 

2.00 

KCIOs* 

KClOt* 

IO.6-J 

2.39" 

2.42 

2.40 

10.6 

2.49 

10.8 

2.44-J 

10.6 

2.22 

IO.O-J 


11. 5 
12. 1 
12.4 


1.94 


1.40 
1.02 


Inspection  of  these  figures  shows  that  4  of  the  5  ratios  actually  do  ex- 
hibit constant  values  over  considerable  ranges  of  concentrations. 

Since  all  of  the  saturating  salts  are  anhydrous  in  the  solid  state,  Equa- 
tion 5  can  be  written  for  this  case 


P*       V* 


(7) 


For  the  most  dilute  solutions  of  the  solvent  this  ratio  cannot  be  expected 
to  give  constant  values  in  the  case  of  the  more  soluble  salts.    As  soon  as 
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the  solubility  is  sufficiently  diminished  the  ratio  is  found  to  be  quite  con- 
stant for  the  halides.  Since  the  water  activity  {  changes  largely  in  this 
region  of  concentrations  this  result  requires  «i  ■»  fit.  All  of  the  halides, 
therefore,  are  hydrated  to  the  same  extent  in  solution.  As  a  conse- 
quence of  Equation  7  and  8  a  slight  difference  in  the  degree  of  hydration 
has  a  very  marked  influence  upon  the  solubility  ratio,  and  the  test  fur- 
nished by  these  experiments  for  equal  hydration  of  the  ions  CI",  Br~ 
and  I~  must  be  considered,  therefore,  as  a  rather  rigid  one.  From  the 
constancy  of  P\/P%  in  the  case  of  the  halides  we  are  furthermore  justified 
in  concluding  that  our  hypothesis  concerning  the  equality  of  the  activity 
coefficient  holds  good  for  these  systems,  because  it  may  be  considered  as 
highly  improbable  that  this  simple  result  could  be  given  by  a  compensa- 
tion of  independent  effects. 

The  figures  given  in  the  last  2  columns  furnish  the  expected  constant 
values  only  in  the  more  dilute  solutions,  and  for  KNOj/KCl  the  values 
change  throughout  the  whole  range  of  concentrations.  According  to  the 
ideas  stated  above,  we  are  led  to  attempt  an  explanation  of  these  devia- 
tions by  the  assumption  of  differently  hydrated  ions.  For  these  calcula- 
tions the  water  activity  £  occurring  in  Equation  7  must  be  known. 

The  water  activity  is  closely  connected  with  the  vapor  pressure  and  can 
with  sufficient  exactness  be  put  equal  to  this.  From  DieteridV  measure- 
ments of  the  vapor  pressure  of  potassium  hydroxide  solutions  at  o°,  the 
following  expression  can  be  derived, 

p  =  1 .  18  —  0.059  M  —  °-£  (8) 

M 

where  M  is  the  molal  concentration  (=  CKoh  in  Table  II)  and  p  is  its 
vapor  pressure.  The  expression  holds  good  between  M  =  5  and  M  =  15, 
as  shown  by  the  figures  in  Table  III. 

Tabi^  III. 

Activity  of  Water  in  KOH  Solutions,  Observed  and  Calculated  by  Means  of  Equation  8. 

M.  Obt.  CaL 

452  O.85  O.85 

6-55  O.75  O.75 

I0.2  O.56  O.55 

140  O.336  O.334 

We  shall  first  consider  the  values  of  PknoJPkci  exhibiting  the  greatest 
changes.  If  the  increasing  values  of  this  ratio  are  to  be  interpreted  as 
due  to  hydration,  the  chlorine  ion  must  evidently  contain  more  water 
combined  with  it  than  the  nitrate  ion.  Calculation  according  to  Equa- 
tion 7  gives  the  following  result: 

1  Wicd.  Ann.  Physik,  50,  47  (1893). 
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Tabuj  IV. 
****>  Pkno*/Pkci  -  Pi/Pt,  Water  activity,  and  £,  n%  — -  «j  in  KOH  Solutions  of  the 

Molal  Concentration  M. 
M.  I  Px/Pt.  m-Mi. 

10.95  O.516  I. IO  1.7 

12.19  O.444  I.42  1.2 

I4.02  O.339  1. 8l 

I4.85  0.29I  1.93 

15.02  0.282  2.00  I.O 

In  this  table  are  considered  only  the  stronger  solutions  of  potassium 
hydroxide  in  which  the  solubility  is  sufficiently  small.  We  see  from  these 
figures  that  the  changes  in  Pi/ Pi  are  accounted  for  by  assuming  the  chlo- 
rine ion  to  have  combined  with  it  one  of  two  molecules  of  water  more 
than  the  nitrate  ion.  That  the  number  is  not  quite  constant  may  be  ex- 
plained by  the  dehydrating  power  of  the  solvent,  the  measure  of  which 
is  given  by  i/£.  When  this  is  the  case,  the  assumption  that  the  number 
of  anhydrous  ions  is  negligible  in  comparison  with  the  number  of  hy- 
drated  ones  of  course  does  not  hold  true  any  longer  and  thus  the  calcu- 
lation of  ni  —  «2  is  uncertain.  As  the  data  do  not,  however,  admit  of 
more  detailed  calculations,  we  shall  confine  ourselves  to  emphasizing 
that  only  a  small  difference  of  one  or  two  water  molecules  in  the  hydra- 
tion of  the  two  ions  may  suffice  to  explain  the  large  change  in  the  solu- 
bility ratios  of  the  corresponding  salts. 

While  the  conclusion  drawn  from  the  constant  solubility  ratios  must 
be  considered  as  a  rigorous  one,  as  referred  to  above,  other  sources  of  devia- 
tions than  diversities  in  the  degrees  of  hydration  may  possibly  be  responsi- 
ble for  the  deviations  when  dealing  with  systems  furnishing  varying  solu- 
bility ratios  as  in  the  case  of  potassium  chloride-potassium  nitrate.  As 
kmg  as  we  are  unacquainted  with  the  true  degrees  of  hydration  of  the  ions 
it  is  difficult  to  decide  whether  or  not  secondary  electric  forces,  etc.,  play 
a  part  in  the  phenomena  observed. 

From  the  constant  values  of  the  solubility  ratio  given  in  the  last  2  col- 
umns of  Table  II  we  may  argue,  in  analogy  in  the  case  of  the  halides,  that 
the  corresponding  ions,  NO3",  ClOs"  and  IO3""  are  equally  hydrated  and 
equally  influenced  electrically  by  the  solvent  at  concentrations  less  than 
10M.  The  deviations  appearing  at  higher  concentrations  may  be  ex- 
plained by  the  dehydrating  action  of  the  solvent  but  are  here  looked  upon 
as  more  likely  due  to  the  secondary  electric  influence  which  increases 
strongly  in  this  region  of  concentrations.  The  action  upon  the  three 
ions  increases  in  the  sequence  CIO3"",  N03~,  IOs". 

As  a  result  of  this  investigation,  we  can  affirm  the  necessity  of  dividing 
the  series  of  salts  here  dealt  with  in  2  separate  groups,  namely,  KC1,  KBr, 
KI;  and  KNO3,  KClOj,  KIO3 — each  comprehending  salts  of  similar  molec- 
ular structure.    The  salts  in  either  of  these  groups  exhibit  similar  behavior 
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as  solutes  when  compared  together,  thus  permitting  the  inference  that  the 
salts  belonging  to  the  same  group  are  hydrated  to  the  same  extent  and 
equally  acted  upon  by  electric  forces  in  the  solvent  within  a  very  consid- 
erable domain  of  concentrations. 

It  may  be  added  that  the  occurrence  of  constant  solubility  ratios  in 
the  case  of  easily  soluble  salts  must  be  looked  upon  as  an  essential  re- 
quirement for  the  carrying  out  of  the  thermodynamic  calculations  of 
affinities  referred  to  in  a  previous  paper.1 

COFSNHAOSN,    DBWMAEK 


NOTES. 
An  Equipment  for  Drying  Ovens. — The  effective  capacity  of  the 
ordinary  drying  oven  can  be  increased  from  5-  to  10-fold  by  equipping 
it  with  metal  drawers  or  trays  as  shown  in  the  accompanying  sketch. 
Each  tray  can  hold  a  number  of  crucibles,  small  dishes  or  drying  bottles, 
and  because  it  is  so  easy  to  insert  or  withdraw  one  of  the  trays  with  its 
load  without  disturbing  the  others,  the  back  part  of  the  oven  space  is  as 
available  as  the  front.  The  supports  of  the  trays  are  the  wire  mesh, 
shelves  of  the  oven;  and  to  provide  for  the  insertion  of  the  thermometer 

in  the  usual  way  one 
tray  should  be  made 
shorter  than  the  others. 
With  the  design  as 
shown,  the  whole  front 
of  the  oven  is  closed 
when  all  of  the  trays 
are  in  position.  This  is 
a  decided  advantage  be- 
cause with  such  an  ar- 
rangement, opening  the 
oven  doors  has  little 
effect  in  decreasing  the 
temperature,  and  since 
the  withdrawal  of  one 
tray  does  not  leave  a 
large  opening,  and  also 
because  of  the  mass  of  hot  metal  of  the  remaining  trays,  the  cooling  is 
slight  when  objects  are  put  into  or  taken  out  of  the  oven.  The  idea  of 
keeping  the  front  closed  is  carried  still  further  by  inserting  a  metal  sheet 
at  A  to  close  the  space  below  the  first  shelf. 

The  detail  of  a  tray  is  shown  at  B.    The  bottoms  are  made  of  12  mm. 
wire  mesh  to  permit  a  free  circulation  of  air  throughout  the  interior  of 
1  Medd.  K.  Vetenskapsakad.  Nobelinst.,  $,  No.  25,  18  (1919). 
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the  oven.  A  metal  loop  on  the  front  engages  the  handle  C  with  which 
they  are  lifted  while  hot. 

This  equipment  has  been  in  use  for  several  years  in  the  writer's  labora- 
tory and  has  proved  its  worth.  In  laboratories  used  by  students  its  value 
is  especially  high  because  the  rule,  one  tray  to  a  student,  can  be  followed 
and  one  student  in  inserting  or  removing  his  material  need  not  interfere 
with  the  work  of  the  others. 

Since  the  trays  rest  on  the  original  shelves  of  the  oven,  it  takes  but  a 
minute  to  remove  them  all  and  again  convert  the  oven  interior  into  one 
large  compartment. 

Although  this  equipment  increases  the  amount  of  metal  subject  to  cor- 
rosion it  cannot  be  said  to  increase  the  danger  of  contamination  beyond 
what  any  increased  use  of  the  oven  would  involve.        C.  W.  Foulk. 

Obo  Stats  U*ivs«arrYf 
Columbus,  Ohio. 


Correction. — The  figures  for  the  ordinates  of  Fig.  5,  in  our  article  on 
'The  Transference  Numbers  of  Lithium  Chloride,  etc."  in  the  June  1920 
Journal,  have  been  printed  one  division  too  high  in  each  case;  for 
instance,  the  figure  0.270  should  be  0.280.  D.  A.  MacInnes, 

James  A.  Beattie. 


[Contribution  from  ire  Chemical  Institute,  Science  College,  Tohoku  Imperial 

University.  ] 

THE  SUCCESSIVE  STAGES  OF  THE  HYDROLYSIS  OF 

TRIACETIN. 

By  EncHi  Yamasaki. 

Received  March  22,  1920. 

Introduction. 

The  various  acetins,  or  glycerin  esters  of  acetic  acid,  some  of  them, 

however,  being  still  unknown,  are  as  follows: 

Triacetm  Diacetin  Monoacetin 

CH,Ac  CH»Ac  CH,OH  CH8OHl  CH,OH 

I  I  II  I 

CHAc  CHOH  CHAc  CHOH  CHAc 

I  I  I  I  I 

CH»Ac  CH,Ac  CH,Ac  CH^Ac  CH,OH 

(A)  (B)  (C)  (D)  (E) 

If  the  ester  A  is  hydrolyzed,  the  reaction  will  proceed  successively  by 
the  following  steps  to  glycerine,  CjH6(OH)3  (g) 

1  Esters  (C)  and  (D)  have  one  asymmetric  carbon  atom,  respectively.    Hence  both 
of  them  must  have  3  modifications,  i.  c,  the  racemic  and  the  optically  active  antipodes. 
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i 

\ 

\ 


A  \ 

x    ^ 


(I) 


KC ►D/ 

Evidently  such  a  reaction  is  very  complex  and  its  chemical  kinetics 
almost  hopelessly  involved.  However,  according  to  the  investigation  of 
A.  de  Hemptine1  and  R.  Lowenherz,*  the  esters  of  the  same  acid  have  one 
property  in  common,  namely,  the  rate  of  hydrolysis  is  independent  of  the 
nature  of  the  alcoholic  radicals:  that  is,  esters  of  primary,  secondary  and 
tertiary  alcohols  have  the  same  velocity  constant  k  of  hydrolysis  when  the 
acid  is  the  same.  If  this  holds  true  in  the  case  of  the  esters  of  polyvalent 
alcohol  such  as  glycerin,  the  kinetics  of  the  triacetin  hydrolysis  is  simpli- 
fied and  can  be  ascertained  by  a  suitable  method. 

Previous  Investigations. 

Geitel*  prepared  triacetin  (A),  diacetin  (B)  and  monoacetin  (D),4 
and  studied  their  rates  of  decomposition  with  various  reagents.  He 
found  that  the  hydrolysis  of  acetins  with  dil.  hydrochloric  acid  takes  place 
as  follows. 

i.  Monoacetin  (D)  decomposes  normally  as  a  mono-molecular  reac- 
tion. 

2.  The  constants  for  diacetin,  calculated  as  a  reaction  of  the  first  order, 
do  not  show  a  sufficient  concordance. 

3.  The  velocity  constants  for  triacetin  increase  steadily  (results  obtained 
at  40 °). 

He  expressed  these  results  by  the  following  differential  equations 

—  ^kiie  —  z);    l  =  k%(z  —  y)\    _=fa(y  —  x),  (1) 

where  e  is  the  initial  concentration  of  triacetin ;  z,  y  and  x  are,  respectively, 
the  amounts  of  tri,-  di-  and  monoacetin  decomposed  at  the  moment  under 
consideration. 
He  transformed  these  Equations  1  into 

dz  e  —  z     dz  e  —  z     dy  z  —  y  /x 

—  =  n ;    —  =  tti ;    -p  =  n% -,  (2) 

dy  z  —  y     dx  y — x     dx  y  —  x 

1  de  Hemptine,  Z.  physik.  Chcm.,  13,  561  (1894). 

*  Ldwenherz,  ibid.,  15,  389  (1894). 

•  Geitel,  /.  prakt.  Chem.t  55, 417  (1897) ;  57. 1 13  (1898). 

4  He  gave  only  the  chemical  formulas  CH»(OH)(Ac)j  and  C»H*(OH)*Ac.  The 
above  constitutional  formulas  are  given  according  to  the  Beilstein.  But  the  point  is 
not  important  for  this  investigation. 
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when  n  =  k\/kt,  nx  —  kx/kt,  and  «i  =  fe/fe;  and  he  integrated  Equations 
2  as  follows:1 

xsse u  n*ein-l)/n  t/u__  nxu{/ni 

(n  — !)(»!—  1)       (n-i)(m  — n)tt  (Wl_x)(Ml_wy/«. 

y  =  *  —  _£ *       c<» -!)/»„!/» 

n —  1       «  —  1 
*  =  *  — «  (3) 

where  u  is  the  concentration  of  the  triacetin  at  any  moment. 

Then,  assuming  that  the  regularity  observed  by  Hemptine  and  L6wen- 
herz,  that  the  decomposition  constants  of  the  esters  of  a  single  acid  are  in- 
dependent of  the  nature  of  the  alcoholic  radicals,  also  holds  good  in  the 
case  of  the  esters  of  polyvalent  alcohols,  he  put 

ki  :  h  :  kx  =  3  :  2  :  1.  (4) 

Introducing  Relation  4   into   Equations    3   and  simplifying   them  by 
putting  e  —  1, 

2=1  — u 

y  =  1  +  2U  —  3Wfii)2 
x  =  1  —  u  —  3^/i*  +  3W«)* 
x  +  y  +  z  -  3  —  3-^m.  (5) 

Consequently,  if  the  function  u  =  /(/)  were  solved,  *,  y  and  *  would  be 
also  obtained  as  known  functions  of  t.  So  he  gave  the  arbitrary  value 
0.05  to  the  constant  ku  and  calculated  u  from  Equations  3  and  4  betweeh 
the  limits 

u  =  i  (=  e)    and   u  =  o; 
that  is,  from  the  initial  concentration  (=  1)  to  the  complete  hydrolysis. 
Prom  the  value  of  u,  he  deduced  the  corresponding  values  of  x,  y  and  s 
by  means  of  Equation  5  and  expressed  u,  %,  y  and  z  graphically  to  explain 
the  course  of  the  reaction. 

Unfortunately,  he  could  not  find  the  real  value  of  the  velocity  constant 
K  Consequently,  he  could  not  make  use  of  his  experimental  results  to 
explain  quantitatively  the  actual  course  of  the  reaction. 

Recently  Treub*  made  an  interesting  investigation  of  the  successive 
hydrolysis  of  trilaurin  with  sulfuric  acid.  He  gave  the  following  reaction 
scheme  B >n 

/  V  \ 


\ 

— >} 


■<> 

*D >G' 


>H  .      (II) 


iLoe.  at. 

1  Treub,  J.  chim.  phys.,  i69  107  (1918);  Proc.  Akad.  Set.  Amsterdam,  20,343  (1917)* 
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where  A  is  trilaurin  and  H  glycerin;  B,  C,  and  D  are,  respectively,  dilaurin, 
and  E,  F  and  G  monolaurin.  When  r ,  x  and  y  are,  respectively,  the  con- 
centrations of  tri-,  di-  and  monolaurin,  and  s  and  z  are  the  concentra- 
tions of  glycerin  and  acetic  acid,  their  relative  concentrations,  Rt  X,  Y9  S 
and  Z  are,  respectively, 

R  =  -,    X  =  -,    y  =  ?,     5  =  i,    Z  =   *-,  (6) 

a  a  a  a  3a 

where  a  is  the  initial  concentration  of  trilaurih.  He  also  assumed  that 
each  radical  of  the  ester  is  decomposed  at  the  same  rate,  and  gave  the 
following  differential  equations, 

~% ' 3tr;  a  "  kr-'kx-  az  -  »**-*:  §  -  &>■, 
a-^  +  't  +  S)-**-**        « 

where  &  is  the  uniform  value  that  the  decomposition  constants  of  the 
various  esteric  radicals  are  assumed  to  have,  according  to  de  Hemptine 
and  Ldwenherz.    Equations  7  he  transformed  to 

6r  _      dx      __      dy       _  ds  _  de:  .  . 

$r      r  —  2%       2x  —  y       $y       $(r  +  2x  +  y)' 

After  an  ingenious  mathematical  treatment  of  the  above  equation,  he 
found  the  relation 

S  =  Z*; 
that  is,  the  relative  concentration  of  glycerin  is  always  equal  to  the  cube 
of  the  relative  concentration  of  lauric  acid  throughout  the  course  of  the  re- 
actions, and  this  relation  is  quite  independent  of  the  progress  of  the  reac- 
tions. He  sought  to  confirm  the  above  relation  by  the  direct  determina- 
tion of  the  concentration  of  the  lauric  acid  and  glycerin  produced  by 
the  hydrolysis  of  trilaurin. 

Contrary  to  expectations,  he  could  not  obtain  sufficient  confirmation.2 
This  can  probably  be  attributed  to  the  difficulty  of  a  quantitative  de- 
termination of  glycerin. 

Besides,  he  did  not  determine  numerically  the  value  of  the  velocity- 
constant  k  and  evaluate  r,  x,  y,  z  and  s  as  known  functions  of  the  time 

1  cU/d/,  the  rate  of  the  formation  of  the  lauric  acid  is  not  directly  given,  as  is  the 
velocity  of  formation  of  the  other  components,  in  the  original  paper.  But  the  above 
equation  will  be  easily  understood  if  we  count  the  number  of  esteric  radicals  decomposed 
by  the  formation  of  x,  y  and  s. 

*  He  found  actually  that  the  relative  concentration  of  glycerin  is  smaller  than  the 
cube  of  the  concentration  of  its  acid.  Consequently,  he  assumed  further  that  the  ve- 
locity constants  of  the  hydrolysis  of  the  esters  of  primary  and  of  secondary  alcohols  have 
different  values  and  gave  the  following  differential  equation  according  to  Scheme  III 
(below),  — dr/dl  =  (p  +  2)kr;  dxi/di  =  kr  —  (p  +  i)kxx\  dx*/d*  -  pkx*  —  2kxx\  dyx/di 
=  phxi  +  hxt  —  ky\\  dy%/dt  =*  zkxi  —  phy%\  dS/dl  -  2kyi  +  pkylt  where  h'  is  the 
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and  of  the  initial  concentration  of  trQaurin.  Consequently,  the  present 
problem,  the  hydrolysis  of  the  polyvalent  ester  is  not  yet  in  a  way  of 
settlement  from  the  point  of  view  of  chemical  kinetics. 

The  present  writer  has,  however,  evaluated  the  constant  k  of  the  re- 
action for  triacetin  numerically  and  has  given  the  concentration  of  the 
components  of  the  system  under  consideration  as  known  functions  of  the 
time  and  of  the  initial  concentration  of  triacetin.  The  results  will  be 
given  in  order. 

Theoretical  Part. 
The  successive  hydrolysis  of  triacetin  takes  place  according  to  the  fol- 
lowing equations. 

C«Hi(Ac),  _*^  CJI,(OH)(Ac),  +  HAc, 
C,Hi(Ac),(OH)  J^  QH»(OH)2(Ac)  +  HAc, 
OH6(OHMAc)  J^  C,H»(OH),  +  HAc. 
Consequently,  each  reaction  must  be  separately  carried  out  as  one  of 
the  first  order,  having,  respectively,  the  velocity  constants  ku  fa  and  k%. 
In  the  initial  stage  of  the  reaction  (t  =  o)  acetic  acid  is  formed  only  by 


30     40     SO     ^0 

Fig.  i.  Fig.  2. 

velocity  constant  of  the  ester  of  the  secondary  alcohol  which  is  equal  to  kp,  i.  e.,  k'/k  =  p. 

/    X    \ 


an) 


By  a  skilful  computation,  he  obtained  the  relation,  S<Z\  to  explain  his  experimental 
results.  But  he  did  not  definitely  determine  whether  the  constants  k  and  k'  actually 
differ  or  not  in  the  polyvalent  esters.  Consequently  the  treatment  must  be  said  to 
be  mere  assumption. 
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the  hydrolytic  decomposition  of  triacetin.  Hence,  the  velocity  constant 
k\  can  be  accurately  determined,  if  the  exact  value  of  the  initial  velocity 
of  the  formation  of  acetic  acid  (CA)  is  obtained.  Then  the  relative  initial 
velocity  or  the  velocity  constant  k  can  be  determined  graphically,  be- 
cause, if  CA  and  C  are  the  relative  concentrations  of  acetic  add  and  tri- 
acetin, respectively, 

and 


/     dlnC\ 
\        6t    )tmt 


ki. 


Such  a  graphical  method  is  not  adapted  for  obtaining  a  very  exact 
value  of  the  velocity  constant  kit  but  the  value  of  ki  obtained  by  it  is 
sufficiently  accurate  to  verify  the  theory.  Again  returning  to  the  data  of 
Getters  experiments,  I  drew  the  diagram  (V,  r,  t)  instead  of  (c,  V,  t),  where 
V  is  the  volume  of  barium  hydroxide  used  to  neutralize  the  acetic  add. 
Prom  the  initial  tangents,  the  following  are  obtained, 


for  triacetin,  and 


1  (*Y\      .  _JL_  (W\      =  k 
a\dij,.0      WsVdtA.o 


for  diacetin,  where  a  denotes  the  initial  concentration  of  triacetin  and  a' 
that  of  diacetin.  Taking  the  mean  value  of  the  constants  k\  and  fej,  re- 
spectively, from  these  two  diagrams,  we  obtain 

k\  ■»  <5. 00638    and    fej  =  0.00423. 
Now  kz  is  the  velocity  constant  of  the  hydrolysis  of  monoacetin,  which 
is,  of  course,  a  monomolecular  reaction.    Hence,  the  constant  kz  can  be 
easily  determined  from  the  equation, 

h    =    -   In  rj— , 

1         v  00 
I  take  the  mean  value  of  two  series  of  experiments  given  by  Geitel  and 
obtain 

ki  =  0.002213. 
If  each  alcoholic  radical  of  acetin  has  an  equal  rate  of  hydrolysis  as 
supposed,  the  following  relation  exists  among  them 

l/3  *1    =    l/2  *2   =    i/l  kz   =   k. 

In  agreement  with  this,  the  experimental  values  are  found  to  be  closely 
equal 

ki/t  =  0.002127  1 

kt/%  ■*  0.002115  \  mean'ife  =  0.002152. 

k$/i  «  0.002213  J 
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This  confirms  the  assumption  made  by  Geitel  and  Treub  that  each 
alcoholic  radical  of  the  polyvalent  esters  has  an  equal  rate  of  hydrolysis 
irrespective  of  whether  the  radical  be  primary  or  secondary. 

Then  the  successive  hydrolysis  of  triacetin  given  by  Scheme  I  is  sim- 
plified to 

Mi  — >  Mi  — >  M,  — >  M4.  (IV) 

And  the  differential  equations  which  express  the  progress  of  the  reaction 
are  given  as  follows: 

_J  =»  ki(a  —  *i)  =  3*(a  —  *i) 

JjT   -  fh(%i  —  Xt)   =   2k(%X  —  Xt) 

■rr  -  kt(x*  —  *t)  «  kfa  —  xt)  (10) 

where  a  is  the  initial  concentration  of  triacetin,  and  xg,  x%  and  x%  are,  re- 
spectively, the  concentration  of  Mi,  Mi  and  M*  decomposed  at  any  time 
t.  The  above  equations  are  integrated  according  to  Rakowski1  and  Co 
is  substituted  for  a  as  usual: 

CMl  =s  C0e 

Clu^zCo{i-e-kt)e'2lu 

Cm,«3Co(i—  r^T* 

Cu.-c.Ci-r*)*  (11) 

As  the  concentration  of  acetic  add  CA,  formed  by  the  reaction  is  expressed 
as  follows, 

Ca  =  CM.  +  2CM|  +  3Cmi 
it  becomes 

CA  «3C0(i—  #"*)  (12) 

from  Equation  n. 
When  CM«  and  CA  are  compared  the  following  relation  is  easily  found, 


(&)•-&) 


Now  both  terms  of  Equation  13  express  the  relative  concentrations  of 
acetic  acid  and  glycerin  which  were  denoted  as  Z  and  S,  respectively, 
by  Treub.    That  is,  S  «  Z8,  which  is  the  relation  deduced  by  him. 

Experimental  Part. 

Unfortunately,  the  number  of  experimental  results  given  by  Geitel 
are  few.  In  addition  to  this,  the  degree  of  hydrolysis  of  triacetin 
at  250  only  amounts  to  10%.  Therefore,  I  prepared  triacetin  according 
to  his  method  and  undertook  the  hydrolysis  with  N  hydrochloric  acid  at 
35  °*  As  a  result,  I  obtained  sufficient  confirmation  of  the  theory  above 
enunciated. 

1  Rakowaki,  Z.  pkysik.  Chem.,  57, 331  (1907). 
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Mode  of  Experiment. — Triacetin  was  dissolved  to  make  a  0.25  N 
solution.  5,  10,  15  and  20  cc.  of  the  solution  were  made  up  to  20  cc.  in 
a  thermostat  at  35  °  and  mixed  with  10  cc.  of  3  N  hydrochloric  acid  of  the 
same  temperature.  Two  cc.  of  the  solution  was  drawn  off  with  a  pipet  from 
time  to  time  and  titrated  with  a  0.05  N  solution  of  barium  hydroxide. 

The  concentration  of  hydrochloric  acid  was  determined  by  the  volume 
of  barium  hydroxide  solution  used  for  the  titration  immediately  after  the 
reacting  mixture  had  been  prepared  as  above. 

The  initial  concentration  of  the  ester  was  determined  from  the  concen- 
tration of  the  acetic  acid  obtained  at  t  =  °°,  i.  e.,  (CA/^)t^oo  =  C0. 
In  order  to  determine  the  concentration  of  acetic  acid,  (CA)t .  «  at  the 
end  of  the  reaction,  5  cc.  of  the  same  hydrochloric  acid  was  mixed 
with  the  same  volume  of  ester  solution  in  a  sealed  tube.  The  solution  in 
the  tube  was  heated  in  a  water  bath  for  a  long  while  until  the  titrations 
of  the  solution  became  constant,  independent  of  the  time  of  heating. 
The  concentration  of  acetic  acid  (CA)tim(09  corresponding  to  the  former 
series  of  experiments,  was  determined  by  calculation  from  that  of  the 
latter  experiment. 

Explanation  of  the  Experimental  Results. — The  concentrations  of 
acetic  acid  CA  obtained  from  the  reacting  mixtures — namely,  4  different 
initial  concentrations  of  esters — were  divided  by  the  corresponding  concen- 
trations of  the  acetic  acid  at  infinite  time.    The  series  of  relative  concen- 
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Fig.  3. 

trations  of  acetic  acid  (Z),  are  expressed  by  the  ordinates  of  Fig.  3  and 
the  corresponding  times  (in  minutes)  by  the  abscissas.  As  the  concen- 
tration of  the  hydrochloric  acid  is  constant  and  equal  to  0.961,  the  re- 
spective curves  must  coincide  with  one  another  in  spite  of  the  fact  that 
the  initial  concentrations  of  the  ester  CQ  differ,  because 
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'A     — 


3Q 


=  d-0 


(14) 


from  Equation  12,  and  the  right  side  of  the  above  equation  is  quite  inde- 
pendent of  the  value  of  C0. 

The  results  obtained  in  the  4  different  series  of  experiments  do  indeed 
coincide  sufficiently  well  to  verify  our  expectations.  The  tangent  line 
drawn  at  the  starting  point  of  the  axes  of  the  coordinates  gives 

Consequently,  k  or  0.4343  k  =  k'  =  0.00373  is  determined  graphically. 
Z,  given  in  Fig.  3,  is  calculated  back  with  this  k'  by  Equation  14,  and  com- 
pared with  the  observed  results  to  show  their  sufficient  agreement. 

Tables  of  Experimental  Data. — The  experimental  data  are  summed 
up  in  the  following  tables,  in  which  t  is  the  interval  of  time  in  minutes; 
Z,  the  relative  concentration  of  acetic  acid;  CA(obs.),  the  concentration 
of  acetic  acid;  CA(calc.),  that  calculated  from  Equation  12;  and  CM»»  C*Ms» 
and  CMt  are  the  concentrations  of  tri-,  di-,  and  monoacetins  at  any  time 
^d  C"M4,  the  concentration  of  glycerin.  The  experimental  conditions, 
with  the  exception  of  those  for  the  initial  concentration  of  triacetin,  were 
exactly  the  same  for  all  4  series  of  results.  That  is,  CHci»  the  concentra- 
tion of  hydrochloric  add,  was  0.961  N  and  the  temperature  of  the  observa- 
tion, 35  °- 

Table  I. 
Co  »  0.0442. 


L 

z. 

C^Kobt.). 

CiKcalc.). 

CMv 

CMr 

Cm. 

CM4 

IO.OO 

O.Z04 

0.0138 

O.OIO8 

O.0342 

O.OO92 

0.0008 

0.0000 

25.18 

0.202 

0.0268 

O.0256 

O.0231 

O.O167 

0.0040 

0.0003 

47-00 

0.332 

0.0440 

O.0424 

O.OI32 

O.OI96 

0.0098 

0.0016 

7637 

0.513 

0.0680 

O.0637 

O.OO62 

O.OI72 

0.0159 

0.0049 

II6.94 

0.629 

0.0833 

O.0842 

0.0022 

O.OII3 

0.0195 

0.0113 

177.17 

0.800 

0.1061 

O.IO36 

O.OOO5 

O.OO49 

0.0177 

0.02II 

Tablb  II. 

C  -0 

.0883. 

1. 

Z. 

C^Cobs.). 

C4(calc.). 

CMi- 

CMr 

CMr 

CW 

6.67 

0.058 

0.0154 

O.OI52 

0.0744 

O.O132 

O.OOO9 

0.0000 

15.50 

O.I35 

00357 

O.0332 

O.0593 

0.0254 

O.OO36 

0.0002 

33.00 

0.246 

0.0652 

O.0654 

0.0377 

O.0371 

O.OI22 

0.0013 

58.67 

0.386 

0.1024 

O.IO50 

O.OI95 

O.0383 

O.O251 

0.0055 

88.22 

0.513 

O.I359 

O.1405 

O.O091 

O.0309 

O.O350 

0.0132 

117.52 

0.620 

0.1642 

O.1680 

O.OO43 

O.0224 

O.0389 

0.0226 

157.45 

0.730 

O.I934 

O.1960 

O.OOI5 

O.OI31 

O.0376 

0.0359 

213.37 

0.809 

0.2143 

O.2227 

O.OOO4 

O.O057 

O.0299 

0.0524 

283.62 

0.867 

O.2300 

O.2415 

O.OOOI 

O.OOI9 

O.OI93 

0.0670 
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TabiB  III. 


C  =  O.1325. 


/. 

z. 

Cji(obs.). 

CA(caIc). 

CMi. 

CMr 

CMr 

CMv 

5.00 

0.059 

O.0234 

O.OI67 

O.I 165 

O.OI53 

O.OOO7 

O.OOOO 

12.20 

0.117 

O.0464 

O.0397 

O.0968 

O.0322 

O.OO36 

0.000 1 

23.00 

0.181 

O.0720 

O.0713 

O.0733 

O.0479 

0.0I05 

0.0008 

43.00 

0.320 

O.1273 

O.I225 

O.0438 

O.0587 

O.0262 

O.OO38 

63.00 

0.431 

O.1699 

O.1662 

O.0271 

O.0563 

0.0404 

O.OO97 

90.75 

0.550 

O.2189 

O.2151 

O.OI28 

O.O453 

0.0534 

0.02I0 

121. 17 

0.674 

O.2681 

0.2574 

O.OO58 

O.0321 

O.0588 

0.0359 

162.33 

0.761 

O.3026 

O.2992 

O.0O2O 

O.O184 

O.0558 

O.0564 

Tabls  IV. 

C  =  0. 

1766. 

I. 

z. 

CA(6b«.) 

CA(calc.)- 

Cmv 

CMv 

Cm* 

Cm* 

4.OO 

0.045 

O.0240 

O.OI80 

O.I593 

O.OI68 

0.0006 

0.0000 

933 

0.090 

O.O480 

O.O406 

O.1389 

O.0348 

0.0029 

0.0000 

25.OO 

0.197 

O.IO46 

O,  I022 

O.0927 

O.0665 

0.0159 

0.0013 

4O.OO 

0.295 

O.1565 

O.I544 

O.063O 

O.0776 

0.0318 

0.0044 

60.50 

0.400 

0.2II9 

O.2144 

O.0371 

0.0759 

0.0517 

0.0117 

9I.OO 

0.535 

O.2838 

O.2871 

O.OI69 

O.0602 

0.0713 

0.0281 

From  these  results,  it  is  clearly  seen  that  the  concentration  of  acetic 
acid  as  observed  agrees  very  well  with  that  calculated.  Or,  in  other 
words,  the  theory  given  above  is  sufficiently  verified  by  experiment. 

Graphical  Representation  of  the  Results  and  Explanation  of  the 
Diagrams. — The  results  given  in  the  above  tables  are  reproduced  in  the 
two  figures,  4  and  5,  in  which  the  concentration  of  the  components  of 
the  reacting  system  and  the  corresponding  times  are  taken  as  the  2  axes. 
Then  the  courses  of  the  successive  hydrolysis  of  polyvalent  esters  having 
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4  different  components,  i.  e,,  Mi 
explained  graphically. 
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The  intermediate  component,  Mi,  has  its  maximum  value  at  the  time 
when 

dC 


Jr  -  3kC0e'2kt  (3e~kl  —  2)  =  o,1  i.  e.,  *  -  £  to  ?     (16a) 

and  the  substance  M*  has  its  maximum  concentration  at  the  time  when 

^  =  ^0(1  -  *-*)&-"-  i)e*1  =  o,    i.  e-h  =  l  In  3.  (166) 

The  numerical  values  (CMt)  and  (Cm,)  of  their  maximum  concentrations 
are  calculated  by  introducing  the  times  h  and  h  into  Equation  13. 

(Cm,)  -  3C.0  -e-*»n)e-*W  =  4/9  C0 
and 

(CM.)  -  3Co(i  -  #-fc3)V-fcs  =4/9  Co 
*•  '-.  (CMt)  -  (CMi)  -  4/9  C0.  (17) 

That  is,  the  maximum  concentrations  of  M2  and  Ms  are  equal  in  numer- 
ical value,  but  the  corresponding  times,  of  course,  differ.1    The  relations 
above  enunciated  are  satisfied  in  the  diagrams. 
Further,  the  curve  if  Cm,  has  one  inflection  point  at 

t\  =  1 /A?  to  9/4  (18) 

1  f"2*1  —  o  when  t  «  00  .  the  same  for  t~**  =  o;  and  1  —  e~~kt  =  o  when  /  »  o. 
The  times  have  no  relation  to  the  maximum  values  of  Cm,  and  Cm,- 

*  Such  a  simple  relation  does  not  hold,  of  course,  generally.    Such  results  are  due 
to  the  fact  that  the  3  constants  have  a  simple  ratio,  ki  :  k%  :  k%  =  3  :  2  :  1. 


Digitized  by  VjOOQIC 


I466  EHCHI  YAMASAKI.  , 

where  \ 

^•  =  3*«Co(4-9«-*')=o. 

And  the  curve  of  CM|  has  two  inflexion  points  at  t'%  and  t'%,  respectively, 

t\  =  i/k  In  a,    and    i'%  =  i/k  In  0, 
where 

I  =  t+Vj     md-        4ZU5 

«  9  /8  9 

in  which  times, 

^'  =  3*'C0  •"*  C^"2**  -  8T*  +  1)  =  o. 
d/z 

Now,  <'i,  is  greater  that  *',  and  *'«  greater  than  fc,  but  *'2  is  less  than  fe. 
The  last  time,  t\%  suggests  that  the  nature  of  the  increase  of  CM,  and  CMa 
is  quite  different  up  to  their  maximum  concentrations.  That  is,  dCMi/dt 
always  decreases  from  t  =  o  to  t  =  t'u  and  the  curve  CMt  is  always  con- 
cave to  the  t-axis  till  ^  =  *V  But  dCMl/d/  increases  at  first  till  it  reaches 
t'tt  then  it  begins  to  decrease  steadily  to  the  second  inflection  point  *V 
The  curve  CM*  is  convex  to  the  axis  t  in  the  initial  stage  up  to  f '2,  then  it 
becomes  concave  to  the  same  axis  till  t  increases  up  to  t'z. 

Now,  when  we  investigate  the  curve  CMi 

dCMt/6t  «  3kCQ  (1  -  <T*  V~*'  -  hCuv 
The  curve  CMi  has  no  maximum,  but  has  one  inflexion  point  at  the  time 
when  the  curve  Cm,  has  them  aximum  concentration,  i.  e.9  fe  =  i/k  In  3. 
Lastly  consider  the  curve  CA, 

*  dcjdt  =  3c0r"  =  K3C0  -  cA). 

But  the  value  $C0  is  the  concentration  of  acetic  acid  at  t  =  °° .    Conse- 
quently 

dCA/dt  =  KCA„-CA).  (19) 

That  is,  the  curve  must  be  a  logarithmic  one  which  has  neither  a  maxi- 
mum nor  an  inflexion  point.  Furthermore,  the  rate  dCA/dt  is  the  same 
as  that  of  the  chemical  reaction, 

Ax  =  3A2 
where  CA  corresponds  to  the  concentration  of  A* 

Conclusion. 

The  hydrolysis  of  the  ester  formed  by  a  polyvalent  alcohol  and  a  mono- 
basic acid,  such  as  triacetin,  takes  place  according  to  the  simple  rule 
that  each  ester  radical  has  an  equal  rate  of  hydrolysis.  Consequently, 
their  rates  are  simply  expressed  in  the  same  way  as  those  of  the  successive 
reactions  Mi  — ►  M*  — ►  M8  — >  M4,  which  have,  respectively,  the 
velocity  constants  $k,  2k  and  k>  though  the  actual  reactions  would  be 
carried  out  according  to  the  following  scheme, 
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Consequently  an  explanation  in  detail  of  the  results  of  experiment  would 
give  a  clear  idea  of  the  course  of  the  successive  chemical  reactions. 

Appendix. 

1.  For  the  sake  of  comparison,  the  results  obtained  at  400  by  Geitel 
for  triacetin  are  calculated  by  the  same  method  and  are  given  in  Table  V. 


Table  V. 

Temperature  400 

*'  =  0 

00253. 

Co  =»  0.2000. 

u 

Z. 

C4(ol».). 

C4(cftlc.). 

CMi. 

<?Mt. 

Cm*. 

Cm*. 

12 

O.072O 

0.0432 

0.0407 

O.1621 

0.0355 

0.0026 

0.0000 

24 

O.1381 

0.0829 

0.0778 

O.1315 

O.0590 

0.0088 

0.0004 

36 

O.I937 

0.1162 

0.1 136 

0.1066 

O.0746 

0.0174 

0.0014 

60 

03059 

01835 

0.1769 

O.0701 

O  0880 

0.0368 

0.0051 

84 

O.4060 

0.2436 

0.2323 

O.0461 

O.0873 

0.0551 

0.0116 

120 

0.5249 

0.2149 

0.3021 

O.0246 

O.O746 

00755 

0.0255 

As  can  be  seen  from  the  above  table,  the  concentration  CA  as  observed 
shows  sufficient  agreement  with  that  calculated. 

2.  Now,  diacetin  (B)  decomposes  according  to  the  scheme  Mx  — ► 
Mj  — >  M,  respectively,  the  velocity  constants  being  2k  and  k.  Then 
the  concentrations  of  the  components  in  the  system  are  expressed  as 
known  functions  of  the  initial  concentration  of  diacetins  and  the  time 


Cmi  ' 

=   2Co  *"*'  (l 

-«-*') 

(20) 

Cm«  = 

=  C0    (l—r*)». 

The  data  at 

25° 

obtained  by  Geitel  are  calculated  according  to  the 

above 

equation 

and 

given  in 

Table  VI. 
Table  VI. 

Temp.  250.     Chci 

=  0.05.      Co  = 

0.05.    k' 

=  0.000836. 

L 

z. 

^(obfc). 

CA(cafc.). 

Cm,. 

^Mi. 

Cm$. 

7 

0.0164 

O.OOX64 

0.00150 

0.0485 

O.OOI48 

0.0000 I 

12 

0.0264 

O.OO264 

0.00250 

0.0475 

O.OO244 

0.00003 

18 

0.0375 

000375 

0.00380 

0.0463 

O.OO366 

0.00007 

25 

0.0515 

0.00515 

0.00519 

0.0449 

O.OO493 

0.00013 

33 

0  0653 

0.00653 

0.00691 

0.0434 

O.OO643 

0.00024 

54 

0. 1015 

O.OIO15 

O.OIIOI 

0.0396 

O.OO979 

0.00061 

65 

0. 1282 

0.01282 

0.01311 

0.0378 

O.OII39 

0.00086 

80 

0.1448 

0.01448 

0.01580 

0.0354 

O.OI330 

0.00125 
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These  also  show  that  the  calculated  values  agree  tolerably  well  with 
the  observed. 

3.  The  effect  of  temperature  on  the  constant  k't  have  been  calculated 
from  Geitel's  experiment  at  25  °  and  400.    According  to  this, 
k'  «  0.00253       at    4001 
—  0.000936      at    250 

Consequently,  the  temperature  coefficient  becomes  1.94;  that  is,  the 
velocity  of  reaction  is  almost  doubled  for  every  successive  10  °  elevation  of 
temperature. 

Ssxdai,  Japan. 
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THE  PREPARATION  OF  TRIMETHYL  ARSINE  AND  TRIMETHYL 
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Trimethyl  Arsine. 

Trimethyl  arsine,  (CHs)sAs,  has  not  previously  been  isolated  in  a  pure 
condition.  Its  preparation  seems  to  have  been  mentioned  first  by  Cahours 
and  Hofmann,4  who  state  that  it  can  be  obtained  by  the  action  of  potas- 
sium hydroxide  on  the  double  salt  resulting  from  the  interaction  of  arsenic 
trichloride  and  zinc  methyl.  In  1859  Cahours6  claims  to  have  prepared 
the  compound  by  the  dry  distillation  of  the  double  salt  of  tetramethyl 
arsonium  iodide  and  zinc  iodide  with  potassium  hydroxide.  He  described 
this  arsine  as  a  colorless  liquid  boiling  under  ioo°.  In  a  later  publica- 
tion6 the  author  again  mentions  this  preparation  and  subsequently7 
states  that  the  pure  compound  boils  at  about  70  °. 

Hibbert,  in  1906,8  seems  to  have  produced  the  compound  by  the  action 
of  arsenic  tribromide  on  magnesium  methyl  iodide.  He  did  not  isolate 
the  free  arsine: 

The  authors  have  tried  variations  of  2  methods  for  the  preparation  of 
this  substance:  (1)  the  action  of  arsenic  trichloride  or  bromide  on  mag- 
nesium methyl  iodide  and  (2)  the  action  of  arsenic  trichloride  on  zinc 
methyl.    The  latter  method  seems  to  be  preferable. 

1  The  magnitude  of  the  constant  obtained  from  Geitel's  results  seems  to  be  ex- 
cessive, compared  with  that  of  my  own  results. 

*  Published  by  permission  of  the  Director  of  the  Chemical  Warfare  Service. 

*  The  authors  wish  to  express  their  appreciation  for  the  generosity  shown  by  Dr. 
E.  Emmet  Reid  in  whose  laboratory  the  work  was  done. 

4  Cahours  and  Hofmann,  Compt.  rend.,  41,  831.    Abst.  Jahr.,  1855,  538. 
•Cahours,  Ann.,  112,  228  (1859). 
9  Cahours,  ibid.,  122,  197  (1862). 
T  Cahours,  ibid.,  337. 

*  Hibbert,  Bet.,  30,  160  (1906). 
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The  Action  of  Arsenic  Trichloride  on  Magnesium  Methyl  Iodide.— 
The  Grignard  reagent  was  made  from  12.2  g.  of  magnesium,  71  g.  of  methyl 
iodide  and  125  cc.  of  ether.  The  distilling  flask  containing  the  reagents 
was  fitted  with  a  dropping  funnel  and  a  mechanical  stirrer,  and  attached 
to  a  condenser  and  a  receiver.  It  was  immersed  in  a  freezing  bath  of  ice 
and  salt,  and  30  g.  of  arsenic  trichloride  was  added  slowly  through  the 
dropping  funnel.  A  violent  reaction  took  place,  liberating  much  heat, 
and  yellowish  brown  crystals  gradually  formed  until  at  the  end  of  the  re- 
action the  contents  of  the  flask  consisted  of  almost  one  solid  mass.  When 
all  the  chloride  had  been  added,  the  ether  was  distilled  off  over  a  water 
bath.  The  uncondensed  vapor  passing  through  the  receiver  possessed  a 
powerful  odor  resembling  arsine  rather  than  the  trimethyl  arsine.  On 
redistilling  the  ether,  2  g.  of  a  liquid  was  obtained  boiling  between  450 
and  550.  The  solid  residue  in  the  reaction  flask  was  mixed  with  suffi- 
cient solid  potassium  hydroxide  to  unite  with  all  the  chlorine  and  iodine 
compounds  produced  in  the  process,  and  then  subjected  to  dry  distilla- 
tion. There  was  obtained  a  small  quantity  of  liquid  which  added  to  that 
from  the  ether  distillate  gave  a  total  yield  of  approximately  5  g.  On  re- 
distillation most  of  this  passed  over  between  50  °  and  60  °.  It  gave  a 
very  heavy  precipitate  with  bromine,  and  was  probably  rich  in  trimethyl 
arsine,  though  at  that  time,  following  the  indications  in  the  literature, 
we  thought  that  trimethyl  arsine  boiled  materially  higher. 

While  it  is  felt  that  the  experiment  is  not  wholly  conclusive,  it  seems 
certain  that  at  least  one  other  volatile  compound  in  addition  to  trimethyl 
arsine,  having  a  stronger  and  more  penetrating  odor,  was  produced.  This 
is  in  line  with  the  results  obtained  by  Auger  and  Billy,1  who  found  that 
arsenic  trichloride  produced  with  magnesium  ethyl  iodide,  primary  and 
secondary  derivatives  as  well  as  a  tertiary. 

The  Action  of  Arsenic  Tribromide  on  Magnesium  Methyl  Iodide. — 
Fifty  g.  of  arsenic  tribromide  dissolved  in  ether  was  added  to  a  Grignard 
reagent  prepared  from  12.3  g.  of  magnesium  and  71  g.  of  methyl  iodide. 
The  reaction  was  less  vigorous  than  in  the  case  of  the  arsenic  trichloride, 
and  the  solid  material  which  formed  dissolved  on  stirring.  At  the  com- 
pletion of  the  reaction  the  contents  of  the  flask  consisted  of  2  layers,  an 
upper  greenish  colored  ether  layer  and  a  lower  yellowish  brown  layer. 
The  product  was  distilled  over  a  water  bath  until  no  more  material  con- 
densed. Here,  as  in  the  experiment  with  the  trichloride,  the  odor  indi- 
cated that  lower  alkylation  products  than  the  trimethyl  derivative  were 
produced.  The  distillate,  however,  contained  considerable  trimethyl 
arsine  as  indicated  by  the  amount  of  the  precipitate  obtained  by  treat- 
ing a  portion  of  it  with  bromine. 

It  was  decided  to  convert  this  crude  product  into  the  selenide  and  use 
1  Auger  and  Billy,  Cotnpt.  rend.,  139,  597  (1904). 
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the  more  certain  zinc  methyl  method  for  the  preparation  of  the  pure  tri- 
methyl  arsine.  This  was  done  by  boiling  up  the  ether  solution  with  finely 
powdered  selenium  as  described  under  the  preparation  of  the  selenide. 
Somewhat  more  than  10  g.  of  the  trimethyl  arsine  selenide  was  obtained. 
This  does  not  represent  nearly  all  of  the  arsine  formed,  as  there  was  con- 
siderable loss  through  oxidation  and  volatilization. 

Preparation  of  Trimethyl  Arsine  by  the  Action  of  Arsenic  Trichloride 
on  Zinc  Methyl. — The  set  up  of  the  apparatus  was  as  follows.  A  drop- 
ping funnel  was  inserted  in  a  distilling  flask  containing  a  weighed  amount 
of  the  zinc  methyl.  The  side  arm  was  connected  to  a  second  distilling 
flask  and  to  the  side  arm  of  the  latter  was  attached  a  U-tube  containing 
enough  arsenic  trichloride  to  form  a  seal.  The  U-tube  was  connected  to 
a  large  bottle  through  which  carbon  dioxide  was  continually  passing.  Fifty 
cc.  of  dry  ether  was  added  to  the  45  g.  of  crude  zinc  methyl  through  the 
dropping  funnel  and  the  flask  thoroughly  cooled  in  an  ice  pack.  Fifty  g. 
of  arsenic  trichloride  diluted  with  50  cc.  of  ether  was  then  slowly  dropped 
into  the  flask  with  occasional  shaking.  Considerable  heat  was  evolved 
in  the  reaction.  At  its  completion  the  ether  was  poured  off  and  the  white 
solid  formed  dissolved  in  water  and  an  excess  of  a  strong  alkali  solution 
added.  The  mixture  was  then  distilled  on  the  water  bath  until  no  more 
condensation  took  place. 

There  was  obtained  about  20  cc.  of  liquid  which  boiled  on  redistilla- 
tion between  38  °  and  510.  This  was  subjected  to  several  fractional 
distillations.  The  larger  portion  of  the  product  gradually  worked  into 
the  fractions  boiling  below  38 °  and  one  boiling  between  500  and  53  °. 
From  the  latter  there  was  finally  obtained  about  5  g.  of  a  clear,  colorless, 
highly  refractive  liquid  with  a  sickening,  garlicky  odor,  boiling  between 
50. 70  and  51. 70  at  747.5  mm.  pressure. 

It  would  seem  from  these  results  that  ether  and  trimethyl  arsine  form 
a  mixture  which  is  fairly  troublesome  to  separate  by  fractional  distilla- 
tion. Experiments  were  then  run  using  xylene  as  a  diluent.  This  gave 
very  satisfactory  results. 

The  process  was  carried  out  as  in  the  foregoing  except  that  xylene  was 
used  as  a  diluent.  Thirty  g.  of  zinc  methyl  and  proportional  molecular 
quantities  of  the  other  materials  were  used.  On  redistilling  the  crude 
distillate  there  was  obtained  17.4  g.  of  a  liquid  boiling  between  50 °  and 
530.  This,  on  fractionation,  gave  the  pure  trimethyl  arsine  boiling  at 
51. 90  to  520  at  736  mm.  pressure. 

The  specific  gravity  was  determined  to  be  1 .  124  at  22  °. 

The  product  was  subjected  to  an  indirect  analysis  by  converting  a 
sample  of  the  constant  boiling  liquid  into  the  selenide  and  determining 
its  selenium  content  as  described  under  the  preparation  of  the  compound. 
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Trimethyl  Arsine  Selenide. 

Trimethyl  arsine  selenide,  (CH»)»AsSe,  does  not  appear  to  have  been 
prepared  previously,  though  the  possibility  of  its  formation  is  a  natural 
inference  on  account  of  the  similarity  between  trimethyl  arsine  and  tri- 
methyl phosphine  which  has  been  shown  to  form  a  selenide. 

Five  g.  of  very  finely  powdered  selenium  was  added  to  the  ether  solu- 
tion obtained  in  the  preparation  of  trimethyl  arsine  by  the  Grignard 
method  using  arsenic  tribromide.  Small  prism-like  crystals  began  form- 
ing at  once,  and  on  standing  a  mass  of  crystals  was  obtained.  The  ether 
solution  was  cooled  in  ice  and  the  ether  poured  off.  The  crystals  were 
taken  up  with  a  few  cc.  of  hot  alcohol,  filtered  and  then  crystallized  by 
cooling  in  an  ice-salt  mixture.  Instead  of  the  prism-like  structure  which 
the  crystals  had  in  an  ether  solution  they  now  came  down  as  long  thin 
needles.  The  substance  is  markedly  unstable  in  the  presence  of  air,  giv- 
ing off  an  odor  similar  to  that  of  trimethyl  arsine,  and  quickly  forming  a 
brick-red  deposit  on  the  surface  of  the  crystal.  This  reddish  substance 
is  somewhat  soluble  in  alcohol  and  carbon  disulfide  and  is  likely  amorphous 
selenium.  The  crystals,  however,  seem  to  be  fairly  stable  when  covered 
with  alcohol  or  ether  or  when  dissolved  in  water,  especially  if  kept  in  the 
dark.  When  standing  in  the  light,  even  when  covered  with  alcohol,  they 
gradually  become  red.  On  heating  they  begin  to  decompose  appreciably 
at  100  °,  evolving  condensible  vapors  believed  to  be  trimethyl  arsine  and 
finally  leaving  a  black  residue  of  selenium. 

Some  dexterity  was  required  in  getting  a  colorless  sample  weighed 
for  analysis.  A  concentrated  solution  of  the  substance  in  ether  was 
carefully  transferred  to  a  weighing  bottle  through  which  hydrogen  was 
being  passed  and  which  had  been  previously  weighed  full  of  hydrogen. 
The  bottle  was  then  stoppered  with  a  cork  which  had  been  given  a  slight 
impregnation  with  wax  and  which  was  fitted  with  an  inlet  and  an  out- 
let tube.  After  cooling  the  bottle,  the  ether  was  poured  off  from  the 
crystals  which  had  formed,  while  at  the  same  time  hydrogen  was  passed 
into  the  flask.  It  was  then  dried  to  constant  weight  at  room  tempera- 
tures in  a  current  of  hydrogen,  the  crystals  quickly  dissolved  in  water 
and  the  selenium  precipitated  with  standard  silver  nitrate  solution.  After 
standing  overnight,  the  amount  of  silver  selenide  was  determined  gravi- 
metrically  and  the  excess  of  silver  nitrate  estimated  volumetrically  by 
the  thiocyanate  method. 

Cak.    for   CfHfAs.Se:    Se,    39*76.    Pound:    gravimetrically,  Se,    40.00,    3985. 
Pound:  volumetrically,  Se,  39.48,  39.69. 

Haxtaad  Msdicai,  School, 
Boston,  Mass. 
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THE  PREPARATION  OF  ZINC  METHYL.1 

By  R.  R.  Rsnshaw  and  C.  E.  Grbbnlaw.* 

Received  April  15,  1920. 

Apparently  the  greatest  difficulty  in  the  preparation  of  zinc  alkyl 
compounds  i9  in  obtaining  a  highly  active  zinc-copper  couple.  A  number 
of  investigators  have  made  recommendations  for  its  preparation,  but  in 
the  judgment  of  the  writers,  as  matters  stand,  the  accomplishment  is  an 
art  rather  than  a  science.  In  general,  the  inexperienced  worker  will  at 
first  find  difficulty  in  preparing  couples  as  active  as  those  described  by 
Lachman*  and  by  Gladstone  and  Tribe.4 

This  difficulty,  while  not  of  great  significance  in  the  preparation  of 
zinc  ethyl,  is  serious  when  one  attempts  to  prepare  the  methyl  deriva- 
tive, for  the  velocity  of  the  reaction  between  methyl  iodide  and  the  zinc- 
copper  couple  is  very  much  less  than  that  with  ethyl  iodide;  Gladstone 
and  Tribe4  estimate  it  as  hundreds  of  times  less. 

A  number  of  experiments  were  carried  out  under  various  heat  treat- 
ments, using  commercial  zinc  dust  directly  with  copper  oxide  and  also 
add  washed  zinc  dust  with  finely  divided,  precipitated  copper.  Couples 
were  obtained  which  were  fairly  active  with  ethyl  iodide,  but  none  of  them 
was  as  active  as  the  products  prepared  later  from  30-mesh  zinc  and  pre- 
cipitated copper,  nor  were  they  nearly  as  active  as  the  couples  prepared 
from  zinc  filings  by  Gladstone  and  Tribe.4  In  the  absence  of  a  catalyst 
they  were  all  acted  on  very  slowly  by  methyl  iodide.  At  least  a  partial 
explanation  of  the  greater  activity  of  the  granulated  zinc  couples  is  be- 
lieved to  He  in  the  greater  porosity,  which  allows  a  better  penetration  of 
the  iodide. 

As  might  have  been  expected  from  the  fine  subdivision  of  the  zinc  in 
the  zinc  dust  as  compared  with  the  filings,  relatively  more  copper  oxide 
than  that  used  by  Lachman  was  found  to  increase  the  activity. 

Experiments  were  carried  out  with  the  idea  of  being  able  to  define 
the  conditions  of  heat  treatment  for  the  most  active  couple.  This  was 
done  by  placing  the  well-mixed  material  in  a  25  mm.  glass  tube  which 
was  imbedded  in  a  trough  full  of  sand  and  heated  over  a  combustion 
furnace,  while  a  current  of  dry  hydrogen  was  passed  through  the  tube. 
The  temperature  of  the  sand  throughout  the  length  of  the  trough  was 
difficult  to  maintain  uniform.  It  appeared  that  the  best  temperature 
was  about  400  °,  but  without  special  apparatus,  as  for  instance  an  auto- 

1  Published  by  permission  of  the  Director  of  the  Chemical  Warfare  Service. 
*  The  authors  wish  to  express  their  appreciation  for  the  generosity  shown  by  Dr. 
£.  Emmet  Reid,  in  whose  laboratory  this  work  was  done. 
1  Lachman,  Am.  Chem,  /.,  24,  31  (1900). 
4  Gladstone  and  Tribe,  /.  Chem.  Soc,  35,  569  (1879). 
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dave  heated  to  a  constant  temperature  and  fitted  with  a  stirrer,  it  is 
believed  that  it  is  better  to  judge  the  desired  heating  by  the  appearance 
of  the  material.  As  the  change  in  appearance  of  the  material  on  heating 
is  so  characteristic  it  is  believed  that  no  one  will  have  difficulty  in  pre- 
paring an  active  couple  by  using  the  following  directions.  The  commercial 
30-mesh  zinc  may  be  used  directly  if  free  from  grease  and  not  badly  oxi- 
dized. Otherwise  the  zinc  should  be  shaken  up  in  a  bottle  in  turn  with 
dfl.  hydrochloric  acid,  water,  alcohol  and  ether  and  then  connected  to  a 
vacuum  pump  and  the  bottle  placed  in  a  hot  air  bath.  This  treatment 
is  neither  laborious  nor  long.  The  copper  may  be  prepared  by  precipi- 
tating a  5%  copper  sulfate  solution  with  zinc.  Zinc  dust  works  excel- 
lently. The  copper  is  filtered,  washed  with  water,  a  little  alcohol  and 
then  with  ether  and  dried  by  heating  under  a  vacuum.  Nine  parts  of 
the  zinc  are  then  thoroughly  mixed  with  one  part  of  copper  and  the  mix- 
ture placed  in  a  long  combustion  tube.  The  amount  of  material  should 
be  such  as  to  fill  the  tube  a  little  less  than  half  full.  Plugs  of  glass  wool 
are  placed  at  both  ends  to  keep  the  material  from  rolling  out.  Dry  hydro- 
gen is  then  passed  into  the  tube  and  when  the  air  is  replaced  the  tube  is 
heated  over  the  free  flames  of  the  combustion  furnace  and  rotated  rapidly. 
If  the  flames  are  of  equal  height,  no  trouble  is  experienced  in  having  part 
of  the  material  fuse  while  other  portions  are  not  sufficiently  heated;  as  the 
tube  becomes  hot,  the  copper  appears  to  separate  out  and  become  spongy. 
This  gradually  then  works  into  the  zinc,  giving  it  a  yellowish  color  and 
then  a  little  more  beat  causes  the  zinc  to  form  little  pellets  of  a  tarnished 
lead  color.  This  is  the  stage  at  which  to  stop.  Higher  heating  causes  the 
pellets  to  sinter  together  and  take  on  a  reddish  color.  With  care  the  whole 
contents  of  the  tube  may  be  converted  into  uniform,  lead-colored  pellets. 
The  couple  should  be  allowed  to  cool  in  hydrogen  and  bottled  up  if  not  to 
be  used  immediately.  Batches  of  200  g.  may  be  prepared  in  this  manner 
in  12  to  15  minutes. 

The  catalytic  effect  of  a  few  substances  was  tested  roughly.  Early 
experience  had  confirmed  the  accelerating  effect  of  dry  ether,  but  small 
amount  of  this  substance  did  not  have  the  influence  of  either  acetonitrile 
or  methyl  acetate. 

The  following  experiments  were  carried  out  with  a  moderately  inactive 
couple  in  order  to  make  more  pronounced  the  effect  of  the  catalyst. 

1.  2.5  cc.  of  ethyl  iodide  and  10  g.  of  couple  when  heated  in  a  water 
bath  at  60  °  under  a  reflux  condenser  ceased  to  return  ethyl  iodide  in  slightly 
over  14  minutes. 

2.  The  same  to  which  2  drops  of  acetonitrile  were  added,  ceased  within 
5.5  min. 

3.  The  same  with  the  addition  of  2  drops  of  methyl  acetate  ceased 
within  4.5  minutes. 
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The  Preparation  of  Zinc  Methyl. — The  set  up  of  the  apparatus  was  as 
follows.  A  short-necked  500  cc.  flask  containing  300  g.  of  couple  was 
fitted  with  a  cork  bearing  a  dropping  funnel  and  a  12  mm.  glass  tube 
bent  at  right  angles  just  above  the  cork.  This  tube  was  surrounded  by 
a  Leibig's  water  jacket,  and  the  other  projecting  end  was  fitted  with  a 
cork  and  inserted  far  into  a  distilling  flask.  The  side  tube  of  the  latter 
was  connected  to  a  mercury  seal  by  means  of  rubber  tubing.  The  flask 
with  its  rubber  tubing  connection  and  a  pinchcock,  was  weighed.  After 
the  air  in  the  apparatus  was  displaced  with  carbon  dioxide  no  g.  of  methyl 
iodide  mixed  with  one  cc.  of  methyl  acetate  was  added  to  the  couple 
through  the  dropping  funnel.  The  apparatus  was  tilted  so  that  the  tube 
acted  as  a  reflux  condenser.  It  was  found  convenient  to  set  up  the  appara- 
tus in  the  late  afternoon  and  allow  it  to  stand  overnight  and  then  warm 
the  flask  on  a  water  bath  at  6o°  the  next  day.  Usually  condensation 
ceased  by  late  afternoon,  i.  e.t  after  about  7  hours  heating.  When  the 
reaction  was  complete  the  apparatus  was  tilted  so  that  the  tube  acted 
as  a  condenser.  The  distilling  flask  was  packed  in  ice  and  the  reaction 
flask  heated  in  an  oil  bath  until  zinc  methyl  no  longer  distilled  off.  Car- 
bon dioxide  was  passed  through  the  dropping  funnel  slowly  during  the 
distillation  and  more  rapidly  at  the  end,  in  order  to  drive  the  zinc  methyl 
out  of  the  apparatus,  and  also  to  fill  the  neck  of  the  receiving  flask  with 
this  inert  gas.  Finally  the  cork  attached  to  the  distilling  flask  was  care- 
fully moved  down  to  the  end  of  the  tube  while  the  carbon  dioxide  was 
passing  through  and  the  distilling  flask  disconnected  and  a  cork  fitted 
with  a  dropping  funnel  and  previously  weighed,  was  quickly  inserted. 
After  closing  the  pinchcock,  the  flask  and  its  attachment  were  weighed 
and  the  amount  of  zinc  methyl  calculated.  The  zinc  methyl  was  then 
directly  treated  with  the  desired  reagent. 

The  records  of  a  large  number  of  runs  gave  weights  of  the  crude  zinc 
methyl  obtained  varying  between  40  and  45  g.  The  theoretical  yield 
would  have  been  42.1  g.  The  weighings  were,  however,  rough  and  no 
corrections  were  made  for  the  difference  in  weights  of  the  carbon  dioxide 
and  the  air.  Then,  too,  probably  small  amounts  of  methyl  iodide  were 
present  in  some  cases. 

The  literature  does  not  seem  to  mention  one  important  property  of 
zinc  methyl  iodide,  namely  that  at  ordinary  temperatures  it  dissociates 
to  give  enough  zinc  methyl  to  cause  the  vapor  above  it  to  inflame  spon- 
taneously when  exposed  to  the  air. 

Harvard  Mbdical  School, 
Boston.  Mabs. 
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(Contribution  from  thb  Dbpartmbnt  of  Chbmktry,  Barnard  Coiabob.] 

THE  PREPARATION  OF  0-NITROBENZOIC  ACID. 

By  Maris  Rbimbr  and  Euzabbth  Stbwart  Gatbwood. 

Received  April  24,  1920. 

The  object  of  the  work  described  in  this  paper  was  the  preparation 
of  pure  0-nitrobenzoic  acid.  The  method  was  the  oxidation  with  potas- 
sium permanganate  of  the  mixture  of  o-  and  p-nitrotoluenes  formed  by 
the  nitration  of  toluene  and  the  separation  of  the  o-  and  />-nitrobenzoic 
acids  thus  formed.  The  usual  slow  oxidation  in  dilute  solution  and  the 
laborious  separation  of  the  2  acids  by  fractional  crystallization  of  their 
barium  salts1  which  gave  an  impure  0-acid,  was  replaced  by  more  rapid 
oxidation  in  concentrated  solution  and  the  separation  of  the  2  acids  by 
fractional  distillation  of  their  methyl  esters  under  diminished  pressure. 
Thus  much  time  was  saved  and  pure  0-nitrobenzoic  acid  obtained. 

After  working  out  the  procedure  with  the  product  from  the  nitration 
of  toluene,  it  was  possible  to  prepare  in  a  few  hours  by  the  same  method 
pure  0-nitrobenzoic  acid  from  any  one  of  a  number  of  samples  of  0-nitro- 
toluene  of  various  grades  of  purity  which  had  been  obtained  on  the  market. 
Some  p-nitrotoluene  was  present  in  every  sample  even  in  those  which 
distilled  within  o.  i °. 

The  Oxidation  of  the  Mixed  0-  and  ^-Nitrotoluenes. 

The  usual  method  is  oxidation  in  dil.  alkaline  solution  with  potassium 
permanganate.  The  reaction  is  slow  and  a  great  deal  of  time  is  required 
for  evaporation  of  the  large  volume  of  solution.  An  attempt  was  made 
to  cany  out  the  oxidation  in  a  very  concentrated  solution  of  permanganate, 
the  flask  being  heated  on  the  water  bath  and  the  contents  agitated  by 
an  electrical  stirrer  fitted  with  a  mercury  seal  to  avoid  loss  of  substance. 
The  oxidation  was  rapid  but  the  yields  of  acid  extremely  poor. 

While  these  experiments  were  in  progress  the  paper  of  Bigelow2  on  the 
oxidation  of  the  nitrotoluenes  appeared.  Our  results  with  mixed  0- 
and  ^-nitrotoluenes  agree  substantially  with  his. 

The  procedure  finally  adopted  for  rapid  oxidation  was  as  follows. 
Forty  g.  of  mixed  nitrotoluenes,  400  cc.  of  water  and  25  cc.  of  10%  solu- 
tion of  sodium  hydroxide  were  put  into  a  2-liter  flask  fitted  with  a  return 
condenser  and  an  inlet  tube  for  steam.  Forty-six  g.  of  solid  potassium 
permanganate,  half  the  calculated  quantity,  were  added,  the  flask  heated 
on  the  water  bath  and  steam  passed  in  until  the  reaction  was  well  started. 
The  heat  of  reaction  was  then  sufficient  to  keep  the  mixture  boiling  rapidly. 
At  the  end  of  an  hour  the  rest  of  the  permanganate  was  added.  As  soon 
as  the  boiling  caused  by  the  heat  of  reaction  ceased,  steam  was  again 
passed  into  the  solution  and  this  continued  until  the  permanganate  was 
1  Monnet,  Reverdin,  Noelting,  Ber.,  12,  443  (1879). 
*  Bigelow,  This  Journal,  41,  1559  (1919)- 
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entirely  decolorized.  The  time  for  the  oxidation  was  about  2  hours. 
The  oxides  of  manganese  were  then  filtered  out  by  suction  and  washed 
repeatedly  with  boiling  water.  The  combined  filtrates  were  cooled  and 
filtered  through  a  folded  filter  paper.  The  unoxidized  oil  was  held  back 
completely  by  the  filter  paper  and  could  be  run  out,  dried  and  weighed. 
The  yield  of  oxidation  product  could  then  be  calculated  from  the  amount 
of  oil  oxidized.  The  separation  of  the  oil  by  filtration  is  an  immense 
saving  of  time  over  the  usual  method  of  distillation  with  steam. 

In  no  case  was  it  found  possible  to  oxidize  all  the  oil,  even  when  a  large 
excess  of  permanganate  was  used,  a  fact  noted  by  the  early  investiga- 
tors. The  incomplete  reaction  and  low  yield  of  product  are  due,  as 
pointed  out  by  Bigelow,1  to  the  reduction  of  some  of  the  permanganate 
by  the  oxides  of  manganese  formed  dining  the  reaction  and  to  the  rapid 
and  complete  oxidation  of  some  of  the  nitrobenzoic  acids  by  the  excess 
of  permanganate.  For  this  reason  oxidation  in  concentrated  solution 
gives  a  low  yield  of  product,  from  50  to  60%  beiijg  obtained  by  following 
the  above  directions,  while  slow  oxidation  in  very  dilute  solution  gave 
yields  as  high  as  87%.  As  it  is  possible,  however,  by  the  method  described 
to  obtain  fair  yields  in  less  than  XU  the  time  required  for  oxidation  in 
dilute  solution  the  procedure  is  to  be  recommended. 

The  Partial  Separation  of  ^-Nitrobenzoic  Acid  from  the  Oxidation 

Mixture. 

Although  both  the  nitrobenzoic  acids  are  soluble  in  water,  the  p-wdd 
is  far  less  soluble  than  the  ortho.  It  was  found  that  if  the  filtrates  from 
the  oxidation  mixture  were  evaporated  so  that  there  was  about  900  cc. 
of  liquid  for  each  30  g.  of  oil  oxidized,  practically  pure  ^-nitrobenzoic 
acid  was  precipitated  on  acidification  of  the  cooled  solution.  If  the  solu- 
tion were  more  concentrated,  some  0-acid  separated  with  the  para  and 
was  subsequently  lost  on  crystallization  of  the  latter  acid  from  boiling 
water. 

The  filtrates  from  the  precipitation  were  exactly  neutralized  with  sodium 
carbonate,  since  (7-nitrobenzoic  acid  is  slightly  volatile  with  water  vapor, 
and  evaporated  to  a  small  volume.  From  the  cooled  solution,  hydro- 
chloric acid  precipitated  a  mixture  of  0-  and  />-nitrobenzoic  acids  melting 
at  about  120-1400.  The  filtrate  was  extracted  with  ether,  the  ether  evapo- 
rated, and  the  residue  added  to  the  precipitated  mixed  acids. 

The  Separation  of  o-Nitrobenzoic  Acid  from  the  Mixture  of  Acids. 

The  crude  mixed  acids  were  dried,  dissolved  in  10  times  their  weight 

of  methyl  alcohol  that  had  been  saturated  with  hydrochloric  acid,  and 

boiled  for  2  hours.    The  alcohol  was  then  completely  distilled  off,  and 

the  residue  cooled  in  a  freezing  mixture.    Crystals  of  p -nitro  ester  separa- 

1  Loc.  cit. 
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ted  and  were  filtered  out  by  suction.  The  oil  remaining,  consisting  of 
0-nitro  ester  in  which  some  p-mtro  ester  was  dissolved,  was  washed  with 
dO.  sodium  carbonate  solution,  extracted  with  ether,  the  solution  dried, 
the  ether  distilled  off,  and  the  residue  repeatedly  fractioned  under  di- 
minished pressure.  The  boiling  points  of  the  purified  products  were, 
1600  (14  mm.),  1620  (16  mm.),  1670  (21  mm.).  Fractions  of  slightly 
higher  boiling  point,  on  cooling,  usually  deposited  a  few  crystals  of  p-ester. 
These  were  filtered  out  and  the  liquid  fractioned  until  it  had  a  constant 
boiling  point. 

The  methyl  ester  of  0-nitrobenzoic  acid  is  a  pale  yellow  mobile  liquid. 
In  spite  of  a  constant  boiling  point  it  may  still  contain  traces  of  p-ester. 
It  is  possible  to  get  rid  of  this  by  saponification  in  an  alcoholic  solution 
of  definite  concentration.  For  each  g.  of  ester,  one  g.  of  potassium  hy- 
droxide in  16  cc.  of  cold  absolute  alcohol  was  used.  In  less  than  a  min- 
ute, shining  crystals  of  the  potassium  salt  of  the  0-acid  began  to  form. 
The  mixture  was  allowed  to  stand  an  hour,  and  the  mass  of  pearly  crystals 
then  filtered  out  by  suction  and  washed  with  a  small  quantity  of  cold  ab- 
solute alcohol.  More  than  90%  of  the  acid  separated  out  as  the  potassium 
salt  From  the  concentrated  aqueous  solution  of  this  salt,  hydrochloric 
acid  precipitated  pure  0-nitrobenzoic  acid  as  a  snow-white  solid,  melting 
at  1 47- 1 47. 50.  The  filtrate  from  the  separation  of  the  potassium  salt 
gave  an  acid  of  considerably  lower  melting  point. 

The  melting  points  of  0-nitrobenzoic  acid  given  in  the  literature  are 
140 °,1  141 V  145  V  147  °.4  The  cause  of  this  wide  variation  in  melting 
points  is,  undoubtedly,  admixture  of  p-nitrobenzoic  acid.  The  effect 
of  various  amounts  of  p-acid  on  the  melting  point  of  the  0-acid,  is  shown 
in  the  following  table: 


#-Nitro-benzoic  add 

with  ©-acid. 

%• 

0  C.  at  which  substance 
begins  to  soften. 

0  Cat  which 
substance  melts. 

0 

20 

127 

138-142 

15 

131 

139-144 

IO 

132 

139-144 

5 

135 

I40-H5 

0  (pure 

o-acid) 

145 

147-147. 5 

100  (pure 

£-acid) 

239-240 

Mixtures  with  20%  and  with  15%  of  f-acid  are  almost  completely 
melted  at  1400.  Thus  a  very  impure  0-acid  gives  a  fair  melting  point. 
It  is  not  possible  to  purify  this  acid  by  repeated  crystallization,  as  much 
of  the  very  soluble  0-acid  remains  in  the  filtrate,  the  percentage  of  p-acid 

1  Greiss,  Ann.,  166,  132  (1873). 

'Beilstein  and  Kuhlberg,  ibid.,  163,  135  (1872). 

*  Monnet,  Reverdin,  Noelting,  loc.  cii. 

4  Windmrnn,  Ann.,  193,  221  (1878). 
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increasing  with  each  crystallization.    By  far  the  most  rapid  method  of 

obtaining  perfectly  pure  o-acid  is  by  way  of  its  methyl  ester. 

Baknakd  Coixsoa, 
Mbw  York.  N.  Y. 


[Contribution  from  thb  On*,  Fat  and  Wax  Laboratory,  Burbau  op  Chemistry, 
U.  S.  Department  op  Agriculture.] 

MENTHOL  AND  PHENYLHTDRAZINE  DERIVATIVES  OF  THE 
HIGHER  FATTY  ACIDS. 

By  D.  H.  Brauns. 

Receired  M«y  1,  1920. 

The  separation  of  the  higher  fatty  acids,  or  their  determination  when 
several  are  present  together  is  a  matter  of  very  considerable  difficulty.  In 
the  hope  of  securing  a  simple  and  reliable  method  of  separation  or  deter- 
mination of  these  acids,  the  preparation  and  properties  of  their  menthyl 
esters  and  their  phenylhydrazids  have  been  studied.  Although  in  neither 
case  was  the  hope  of  a  quantitative  identification  realized,  the  compounds 
are  of  sufficient  interest  to  merit  description. 

The  menthol  esters  of  lauric,  myristic,  palmitic,  stearic,  and  arachidic 
acids  were  prepared  by  heating  the  acid  chlorides  with  menthol.  The 
acid  chlorides  were  obtained  by  the  action  of  phosphorus  pentachloride 
and  thionyl  chloride  on  the  fatty  acids.  It  was  found  that  the  reaction 
with  thionyl  chloride  was  not  only  more  nearly  quantitative  but  also  yielded 
a  product  freer  from  impurities.  However,  since  even  the  thionyl  chlo- 
ride did  not  give  a  quantitative  yield  of  the  acid  chlorides,  it  was  not 
possible  to  utilize  the  optical  rotation  of  these  methyl  esters  for  the  estima- 
tion of  the  above  mentioned  acids  in  mixtures  when  only  2  of  them  were 
present. 

The  phenylhydrazine  derivatives  of  several  of  these  fatty  acids  were 
prepared  by  heating  the  acids  with  an  excess  of  phenylhydrazine.  De- 
rivatives of  palmitic,  stearic,  and  arachidic  acids  were  prepared  and  their 
solubilities  in  alcohol,  which  was  found  to  be  the  most  suitable  solvent 
from  which  to  crystallize  them,  was  studied.  It  was  found  that  they 
were  only  slightly  soluble  in  cold  alcohol  and  that  with  the  increase  of 
the  molecular  weight  the  solubility  decreased,  as  was  to  be  expected. 
However,  there  was  not  enough  difference  in  their  respective  solubilities 
to  enable  the  compounds  to  be  utilized  in  the  separation  of  these  acids 
from  each  other  by  fractional  crystallization. 

Experimental  Part. 

Menthyl  Laurate,  CaH^Oi. — Equal  weights  of  pure  lauric  acid  and 
phosphorus  pentachloride  were  heated  on  the  steam  bath.  When  the  re- 
action was  completed,  the  phosphorus  oxychloride  was  removed  by 
heating  the  mixture  under  15  mm.  pressure  to  1500.    Then  the  pressure 
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was  reduced  to  5  mm.  and  the  acid  dhloride  was  distilled.  The  lauric 
acid  chloride  was  heated  with  an  excess  of  menthol  until  the  evolution 
of  hydrochloric  acid  ceased.  The  reaction  product  was  dissolved  in  ether, 
washed  with  dil.  sodium  hydroxide  solution  and  water,  and  dried  over  potas- 
sium carbonate.  The  menthyl  laurate  was  further  purified  by  fractional 
distillation  under  diminished  pressure.  Prom  10  g.  of  lauric  acid,  6.3  g. 
or  a  37%  yield  of  the  pure  ester,  was  obtained.  Menthyl  laurate  is  a 
liquid  at  ordinary  temperatures;  6+°  0.8915;  [a]t>  =  — 46.07;  [M]©  =* 
—155 . 9.    Analysis  by  combustion  gave  the  following  results. 

Subs.,  0.1866;  CO*  0.5341 ;  H»0,  0.2077. 

Calc.  for  CnHttOt:  Cf  78.03;  H,  12.51.    Found:  C,  78.06;  H,  12.43. 

Menthyl  Myristate,  C^H^d. — This  compound  was  prepared  in 
the  same  manner  as  the  corresponding  lauric  acid  derivative.  A  second 
preparation  was  made  from  myristic  acid  chloride  which  was  obtained 
by  the  action  of  thionyl  chloride  on  myristic  add  according  to  P.  P.  Hil- 
ditch.1 This  method  of  obtaining  the  acid  chlorides  was  found  to  be  much 
more  satisfactory  than  the  customary  procedure  with  phosphorus  penta- 
chloride.  Although  Hilditch  described  this  compound  as  melting  at  32  °, 
it  was  impossible  to  obtain  a  melting  point  above  2 1-22  °  in  spite  of  re- 
peated purification  by  fractional  distillation  under  diminished  pressure. 
Ten  g.  of  myristic  acid  gave  7  g.  of  pure  ester  which  is  equivalent  to  a 
yield  of  48%;  df,  0.882;  [<*]%  -  —42.33;  IM&°  -  —155. 1. 

Subs.,  0.2097;  COt,  0.6055;  HjO,  0.2370. 

Calc.  for  CttH«Ot:  C,  78.61;  H,  12.66.    Pound:  C,  78.76;  H,  12.65. 

Menthyl  Palmitate,  CmHmOs. — This  compound  was  obtained  in  the 
same  manner  as  described  above,  except  that  it  could  not  be  distilled  un- 
der diminished  pressure,  but  had  to  be  purified  by  repeated  crystalliza- 
tion from  absolute  alcohol.  The  purified  derivative  was  found  to  melt  at 
32  °  It  is  very  soluble  in  alcohol.  It  separates  from  alcohol  in  the  form 
of  illy  defined  soft  crystals;  df  0.8848;  [a]g  «  —39. 10;  [M]g  =  —1542. 
It  should  be  observed  that  the  melted  compound  was  employed  in  deter- 
mining the  specific  rotation. 

Subs.,  0.1653;  CO>>  0.4821;  HiO,  0.1895. 

Calc.  for  C*H»0O*:  C,  79.11;  H,  12.73.     Pound:  C,  79-53;  H,  12.73. 

Menthyl  Stearate,  CmHmO*. — This  substance  was  prepared  and 
purified  in  the  same  manner  as  the  palmitic  ester.  Three  preparations 
were  made,  starting  each  time  with  10  g.  of  stearic  acid  for  making  the 
add  chloride.  The  ester  was  found  to  melt  at  38  °  to  39  °,  which  is  in 
agreement  with  that  found  by  E.  Beckman.2  This  compound,  which  is 
very  soluble  in  alcohol,  separates  in  aggregates  of  very  small  crystals 
not  well  defined.  Ten  g.  of  the  acid  gave  3  g.  of  pure  ester,  which  is  a 
1  Hilditch,  /.  Chem.  Soc.,  101,  192  (1912). 
1  /.  prakt.  Chem.,  [2]  55»  17  (1847). 
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yield  of  20%;  dj5  0.8665;  [«]d  «  —36. 60;  [M]#  «  —154 .6.  Analysis 
gave  the  following  results. 

Subs.,  0.2483;  CO*  0.7238;  HjO,  0.2839. 

Calc.  for  Ci|HM0,:  C,  79-54J  H,  12.88.     Found:  C,  795°J  H»  I2*73- 

Menthyl  Arachidate,  CsoHuOs. — This  substance  was  prepared  from 
arachidic  acid  chloride  obtained  by  both  the  phosphorus  pentachloride 
and  thionyl  chloride  methods.  After  repeated  recrystallization  from 
alcohol,  a  melting  point  of  55  °  was  obtained.  From  10  g.  of  acid,  3  g. 
of  purified  ester  was  obtained;  d5J  0.8566;  [«]d  =  — 30.63;  [M]d  = 
— 138.0.    Analysis  gave  the  following  results. 

Subs.,  0.1906,  0.2049;  COi,  0.5639,  0.6051;  HiO,  0.2218,  0.2392. 

Calc.  for  CjoHhCV  C,  79.92 ;  H,  12.98.    Found:  C,  80.69,  80.54;  H,  13.02,  13.06. 

The  analysis  as  well  as  the  low  result  obtained  for  the  rotation  indicate 
that  in  spite  of  repeated  recrystallizations  from  alcohol,  the  compound  was 
not  quite  pure.    This  compound  crystallizes  in  illy  defined  soft  thin  prisms. 

It  should  be  observed  that  all  the  figures  given  for  the  rotation  in  this 
paper  were  determined  directly  with  the  molten  derivatives,  while  Hil- 
ditch,  who  previously  prepared  those  of  myristic,  palmitic,  and  stearic 
acids,  measured  the  rotations  in  chloroform  and  alcoholic  solutions,  with 
the  result  that  he  obtained  slightly  higher  values.  It  is  interesting  to 
note  that  with  the  exception  of  the  menthyl  arachidate,  these  compounds 
gave  an  average  molecular  rotation  of  — 155  which  is  in  close  agreement 
with  the  average  value  — 157,  found  by  L.  Tchugaeff1  for  the  correspond- 
ing derivatives  of  the  lower  members  of  this  series  of  acids  extending 
from  acetic  acid  to  caprylic  acid. 

Palmitic  Phenylhydrazide,  CieHnO.HNNHCeH*,  was  obtained  by 
heating  palmitic  acid  with  an  excess  of  phenylhydrazine  until  the  mixture 
began  to  boil,  according  to  the  method  of  Strache  and  Iritzer,2  who  de- 
scribed the  corresponding  stearyl  compound.  After  the  reaction  was  com- 
pleted, alcohol  was  added  and  the  mixture  was  allowed  to  cool.  The 
crystals  from  this  solution  were  further  purified  by  recrystallization  from 
alcohol  until  the  constant  melting  point  1050  was  obtained.  A  yield  of 
25%  of  the  purified  compound  was  obtained. 
Subs.,  0.1419;  COj,  0.3958;  HjO,  0.1379. 
Calc.  for  CaHuNiO:  C,  76.23;  H,  11.06.     Found:  C,  76.07;  H,  10.87. 

It  is  readily  soluble  in  hot  95%  alcohol  and  sparingly  soluble  in  cold  alco- 
hol. From  alcohol  it  separates  in  aggregates  of  extremely  small  soft 
crystals.  This  compound  was  found  to  be  quite  soluble  in  chloroform 
and  ether. 

Stearic  Phenylhydrazid,  CigH^O.HNNHCeHe,  was  obtained  by  heat- 
ing 2  g.  of  stearic  acid  with  1.5  cc.  of  phenylhydrazine  to  1400  for  20 

1  Tchugaeff,  Ber.%  31,  360  (1898). 

1  Strache  and  Iritzer.  Monatsh.,  14,  37  (1893). 
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minutes.  After  cooling  somewhat,  alcohol  was  added  and  the  solution 
was  allowed  to  stand  until  crystallization  had  taken  place.  After  2  re- 
crystallizations  the  constant  melting  point  of  no°  to  11 1°  was  obtained. 
It  was  observed  that  Strache  and  Iritzer,1  who  previously  described  this 
compound,  gave  the  melting  point  105  °  to  107  °.  When  crystallized  from 
alcohol  it  crystallized  in  well  defined  small,  thin,  rectangular  prisms.  It 
is  readily  soluble  in  hot  alcohol,  but  sparingly  soluble  in  odd  alcohol.  100 
cc.  of  95%  alcohol  at  29 °  dissolved  0.076  g.  A  yield  of  18%  of  the  pure 
derivative  was  obtained. 

Subs.,  0.1315;  CO,,  0.3706;  H,0,  0.1298. 

Calc.  for  CfJIflNiO:  C,  76.93;  H,  11.04.  Found:  C,  76.71;  H,  11.05. 
Arachidic  Phenylhydrazid,  QoH.^O.HNNHCoH*  was  obtained  in  the 
same  manner  as  the  stearyl  derivative  starting  with  2  g.  of  arachidic  acid 
and  1 .5  cc.  of  phenylhydrazine.  The  highest  melting  point  obtained  by 
recrystallizaticn  from  alcohol  was  108  to  109  °.  From  alcohol  it  crystal- 
lizes in  small  illy  defined  thin  prisms.  It  was  found  that  100  cc.  of  95% 
alcohol  at  27 °  dissolved  0.050  g.  while  at  40 °  0.0530  g.  was  dissolved.  A 
yield  of  29%  of  the  pure  derivative  was  obtained. 

Subs.,  0.1384;  CO*  0.3924;  H,0,  0.1409. 

Calc.  for  CnHtfNsO:  C,  77-54;  H,  11.52.     Found:  C,  77-331  H,  11.39- 

Summary. 

The  menthyl  esters  of  lauric,  myristic,  palmitic,  stearic,  and  arachidic 
acids  have  been  prepared  and  their  optical  rotations  have  been  determined. 

Also  the  phenylhydrazine  derivatives  of  palmitic,  stearic,  and  ara- 
chidic acids  have  been  made  and  studied. 

Waskdigtok,  D.  C. 


[Contribution  prom  the  Laboratories  of  the  Rockefeller  Institute  for 
Medical  Research.] 

SYNTHESES  IN  THE  CINCHONA  SERIES. 

IV.*  NITRO-  AND  AMINO-DERIVATIVES  OF  THE  DIHYDRO  ALKALOIDS. 

By  Walter  A.  Jacobs  and  Michael  Heidelberger. 

Received  May  4,  1920. 

In  the  preparation  of  5-nitro-dihydro-quinine 
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and  5-amino-dihydro-quinine  according  to  German  patent  No.  283,537, 
difficulties  were  encountered  which  had  to  be  overcome  before  the  amino 
compound  could  be  obtained  readily  enough  to  serve  as  a  starting  point 
for  certain  synthetic  work  which  we  had  contemplated.  In  the  first 
place,  nitro-dihydro-quinine  is  described  as  resulting  from  the  nitration 
of  dihydro-quinine  sulfate  by  the  use  of  a  nitric-sulfuric  acid  mixture, 
with  no  reference  to  the  exact  proportions  employed.  A  study  of  the 
reaction  showed  that  the  formation  of  nitro-dihydro-quinine  was  com- 
plicated by  the  production  of  a  nitro-dihydro-quinine  sulfonic  acid.  Al- 
though this  did  not  occur  when  the  sulfate  was  added  to  a  mixture  of 
equal  volumes  of  nitric  and  sulfuric  acids,  the  tendency  toward  sulfona- 
tion  increased  as  the  proportion  of  sulfuric  acid  to  nitric  acid  was  in- 
creased, with  consequent  diminution  of  the  yield  of  nitro-dihydro-quinine. 
It  was  then  found  that  a  quantitative  conversion  of  dihydro-quinine  into 
the  nitro  base  could  easily  be  realized  with  fuming  nitric  acid,  and  this 
was  finally  adopted  as  the  most  satisfactory  reagent  since  it  is  less  viscous 
and  dissolves  the  alkaloid  more  rapidly  than  the  mixture  of  equal  parts  of 
sulfuric  and  nitric  acids,  and  also  yields  a  less  highly  colored  product. 

Experiments  with  nitro-dihydro-quinine  sulfonic  acid  explained  its 
occurrence,  since  it  was  shown  that  this  substance  is  formed  both  by 
nitration  of  dihydro-quinine  sulfonic  acid  and  by  sulfonation  of  nitro- 
dihydro-quinine.  In  the  latter  case,  it  is  sufficient  to  allow  a  solution 
of  the  nitro  base  in  cone,  sulfuric  acid  to  stand  at  room  temperature,  a 
result  in  no  way  surprising,  since  the  dihydro  alkaloids  have  been  found  to 
yield  sulfonic  acids  readily  under  the  same  conditions.1  Since  the  nitro 
acid  may  be  obtained  from  dihydro-quinine  sulfonic  acid,  the  sulfonic 
acid  group  occupies  the  same  position  in  both  of  these  acids,  but  according 
to  Schmid's2  experiments  with  cinchotine  sulfonic  acid,  it  is  not  situated 
in  the  quinoline  nucleus.  The  lability  of  the  sulfonic  acid  group  toward 
boiling  hydrochloric  acid  and  its  stability  in  boiling  alkaline  solution  as 
demonstrated  by  Schmid  for  dihydro-quinine  sulfonic  acid,  are  properties 
retained  by  the  nitro  acid. 

By  following  the  method  for  the  reduction  of  nitro-dihydro-quinine  given 
in  the  patent  we  obtained  but  poor  yields  of  the  amino  alkaloid,  and  it 
was  necessary  to  modify  the  method  considerably  before  a  smooth  con- 
version of  the  nitro  alkaloid  into  the  amino  compound  was  afforded. 
In  extending  the  work,  the  methods  outlined  were  successfully  applied 
to  ethyl-dihydro-cupreine  (optochin),  dihydro-quinidine,  ethyl-dihydro- 
cupreidine,8  and  dihydro-quinane,4  resulting  in  the  synthesis  of  the  corre- 

1  Hesse,  Ann.,  241,  283  (1887);  Skraup,  Monatsh.,  18,  414  (1897). 
1  Schmid,  ibid.,  22,  803  (1901). 
*  This  Journal,  41,  830  (1919). 
4  See  following  paper. 
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spending  nitro  and  amino  derivatives.  Like  5-amino-quinoline,  the  amino 
alkaloids  form  orange-red,  non-fluorescent  solutions  in  dilute  acids  and 
in  addition  give  the  thalleoquinine  reaction.  This  reaction  is  not  given 
by  the  nitro  compounds. 

Experimental  £art. 

5-Nitn>-dihydro-quinine. — Although  this  substance  was  prepared  by 
the  use  of  a  nitration  mixture  consisting  of  equal  parts  of  cone,  nitric  and 
sulfuric  acids  as  in  the  preparation  of  dinitro-quinine  by  Rennie, l  fuming 
nitric  acid  was  found  to  give  the  most  satisfactory  results  with  dihydro- 
quinine  and  was,  therefore,  employed  in  the  other  cases  described  below. 

Fifty  g.  of  anhydrous  dihydro-quinine  sulfate  were  added  in  small  portions 
to  200  cc.  of  fuming  nitric  acid  (sp.  gr.  1.52),  with  turbining,  and  keeping 
the  temperature  at  o°.  The  salt  dissolved  rapidly,  and  after  addition  of 
the  full  amount  the  clear  solution  was  allowed  to  stand  for  15  minutes  at 
o°  and  then  poured  on  to  ice.  After  dilution  to  about  4  liters  the  solution 
was  treated  with  25%  aqueous  sodium  hydroxide  until  most  of  the  nitric 
arid  was  neutralized  and  the  alkaloid  still  remained  dissolved  as  the 
nitrate.  The  solution  was  then  vigorously  stirred  and  the  base  quickly 
precipitated  by  the  rapid  addition  of  ammonia  in  excess.  If  the  precipita- 
tion is  too  slow,  or  if  the  solution  is  not  sufficiently  dilute,  a  gummy  mass 
of  what  is  presumably  the  mono  nitrate  separates  and  is  difficult  to  trans- 
form into  an  easily  filterable  form.  The  pale  yellow,  partially  crystalline 
precipitate  is  filtered  off,  washed  well  with  water,  and  dissolved  in  dil. 
hydrochloric  acid.  After  adding  an  equal  volume  of  alcohol,  warming, 
and  making  alkaline  with  ammonia,  the  nitro-dihydro-quinine  separates 
rapidly  as  lustrous  yellow  plates.  After  washing  with  50%  alcohol  the 
yield  is  90%. 

For  final  purification  the  base  was  dissolved  in  50%  alcohol  by  the 
addition  of  sufficient  acetic  acid,  and,  after  warming  again,  precipitated 
with  ammonia,  forming  lustrous,  pale  yellow,  hexagonal  scales  which  de- 
compose at  220-2  °  with  preliminary  darkening  and  softening,  and  not  at 
209-1 20  as  given  in  the  patent.  The  nitro  compound  is  appreciably 
soluble  in  methyl  or  ethyl  alcohol,  acetone  or  benzene,  more  readily  so 
in  the  hot  solvents.  It  is  easily  soluble  in  chloroform  and  dil.  acids  and 
very  sparingly  in  ether.  It  does  not  give  the  thalleoquinine  test,  and  on 
exposure  to  sunlight  turns  a  purplish  brown.  [afD58  =  — 200.00  in 
chloroform;  c  =  1.350. 

Subs.,  0.1293:  12.91  cc.  N  (25.00,  760  mm.). 
Calc.  for  CsoHwOiNi :  N,  11.32.     Found :  11.42. 

5-Nitro-dihydro-quinine    Sulfonic   Acid. — (A).     From  nitro-dihydro- 
quinine.    This  substance  was  obtained  as  the  main  product  of  the  reac- 
tion when  the  nitration  of  dihydro-quinine  was  attempted  with  a  mixture 
1  Rennie,  /.  Chem.  Soc.t  39,  470  (1881). 


Digitized  by 


Google 


I4&4  WALTER  A.  JACOBS  AND  MICHAEL  HBIDELBERGBR. 

of  sulfuric  acid  and  the  theoretical  amount  of  cone,  nitric  acid.  It  was 
then  found  that  the  compound  results  either  from  the  nitration  of  di- 
hydro-quinine sulfonic  acid,  or  by  allowing  a  solution  of  nitro-dihydro- 
quinine  in  cone,  sulfuric  acid  to  stand  at  ordinary  temperature,  just  as 
in  the  formation  of  dihydro-quinine  sulfonic  acid. 

Five  g.  of  nitro-dihydro-quinine  were  dissolved  in  25  cc.  of  cone,  sulfuric 
acid  and  allowed  to  stand  for  24  hours.  After  pouring  on  to  ice  and  diluting, 
the  greenish  yellow  solution  was  partly  neutralized  with  sodium  hydroxide 
and  finally  made  neutral  to  Congo  red  with  sodium  acetate  solution. 
On  rubbing  the  acid  separates  as  yellow  needles  which  were  washed  with 
water.  It  was  recrystallized  by  dissolving  in  dil.  alkali,  warming,  and 
reacidifying  with  acetic  acid,  a  transitory  turbidity  appearing  at  the 
neutral  point.  The  acid  separates  as  flat,  glistening,  yellow  needles  which 
rapidly  turn  green  on  exposure  to  sunlight.  It  chars  when  heated  above 
2600  but  does  not  melt  below  285  °,  and  is  practically  insoluble  in  the  usual 
solvents  except  boiling  50%  alcohol.  It  dissolves  in  dil.  hydrochloric 
and  nitric  acids  but  less  readily  in  dilute  sulfuric  acid.  The  addition  of 
strong  sodium  hydroxide  or  sodium  chloride  solution  to  the  solution  of 
the  acid  in  dil.  sodium  hydroxide  salts  out  the  sodium  salt  as  a  gummy 
precipitate.  Like  dihydro-quinine  sulfonic  acid,  the  nitro  acid  is  rel- 
atively stable  in  alkaline  solution  but  on  boiling  with  20%  hydrochloric 
acid  the  sulfonic  group  is  quantitatively  eliminated  with  the  formation  of 
nitro-dihydro-quinine.  This  property  was,  therefore,  employed  for  the 
sulfur  determination.  The  position  occupied  by  the  sulfonic  acid  group 
was  not  determined,  although  it  was  shown  to  be  the  same  as  that  occupied 
by  the  sulfo  group  in  dihydro-quinine  sulfonic  acid,  since  this  yielded  the 
same  nitro  compound,     [a]™*  =  — 133.00  in  0.5  AT  NaOH;  c  =  1.000. 

Subs.,  0.1240:  10.6  cc.  N  (28.00,  759  mm.).    Subs.,  0.1509:  BaS04,  0.0751. 
Calc.  for  CaoHaONsS:  N,  931;  S,  7. 10.     Found:  N,  969;  S,  6.84. 

(B).  From  dihydro-quinine  sulfonic  acid.  Dihydro-quinine  sulfonic 
acid  was  obtained  by  allowing  a  solution  of  10  g.  of  anhydrous  dihydro- 
quinine  sulfate  in  50  cc.  of  cone,  sulfuric  acid  to  stand  for  24  hours.  After 
dilution  with  water  and  partial  neutralization  with  sodium  hydroxide 
solution,  the  mixture  was  neutralized  to  Congo  red  with  sodium  acetate, 
causing  the  separation  of  8.7  g.  of  the  sulfonic  acid  as  lustrous,  colorless 
rhombs,  often  grouped  as  serrated  aggregates.  This  was  added  in  small 
portions  to  30  cc.  of  fuming  nitric  acid  (sp.  gr.  1.52)  kept  at  o°.  After 
15  minutes'  standing  at  o°,  the  mixture  was  poured  on  to  ice  and  the  acid 
isolated  as  previously  described.  After  recrystallization  8.7  g.  of  slightly 
greenish  yellow,  flat,  glistening  needles  were  obtained,  identical  in  all 
respects  with  the  acid  obtained  from  nitro-dihydro-quinine.  [a]o  =* 
— 129.60  in  0.5  N  NaOH;  c  =  1.012. 


Digitized  by 


Google 


DERIVATIVES  OF  THE  DIHYDRO  ALKALOIDS.  I485 

Subs.,  0.1201:  10.0  cc.  N  (23.5°,  759  mm.)-    Subs.,  0.2005:  BaSO<,  0.1052. 
Calc  for  CmHuONiS:  N,  9-31;  S,  7-io.    Found:  N,  9.58;  S,  7.21. 

Hydrolysis  of  Nitro-dihydro-quinine  Sulfonic  Acid  to  Nitro-dihydro- 
qmnine. — 2  g.  of  the  sulfonic  acid  dissolved  in  25  cc.  of  1  :  1  hydro- 
chloric acid  were  boiled  for  one  hour.  An  equal  volume  of  alcohol  was 
added  and  the  solution  made  alkaline  with  ammonia.  The  crystalline 
precipitate  was  recrystallized  as  previously  described,  forming  lustrous, 
pale  yellow,  hexagonal  scales  which  decomposed  at  220-2  °  and  proved 
identical  with  the  5-nitro-dihydro-quinine  prepared  by  the  direct  method. 

Subs.,  0.1312:  13.2  cc.  N  (24.00,  758  mm.). 

Calc,  N,  11.32.    Found:  11.54. 

5-Amino-dihydro-quinine. — On  repeating  the  directions  given  in 
German  patent  283,537  f°r  ^e  reduction  of  nitro-dihydro-quinine,  it  was 
found  that  when  the  reaction  mixture  was  made  alkaline  before  extracting 
the  amino  compound  with  ether,  it  rapidly  turned  deep  green  owing  to 
oxidation,  showing  that  decomposition  had  occurred.  In  consequence, 
the  yield  of  amino-dihydro-quinine  was  poor,  only  5.8  g.  being  recovered 
from  18  g.  of  the  nitro  compound.  A  number  of  experiments  finally  led 
to  the  following  satisfactory  method,  which  was  then  applied  to  the 
reduction  of  the  other  nitro  cinchona  derivatives  described  below. 

1 8-5  g-  of  nitro-dihydro-quinine  were  dissolved  in  185  cc.  of  cone. 
hydrochloric  acid  with  chilling  and  stirring,  the  alkaloid  being  slowly 
added  in  order  to  diminish  the  tendency  to  form  a  gum.  After  chilling 
the  solution  to  o°,  45  g.  of  stannous  chloride  were  added.  On  re- 
moving the  beaker  from  the  freezing  mixture  and  stirring,  the  tempera- 
ture rose  as  the  reaction  proceeded,  but  was  not  allowed  to  exceed 
350.  A  thick,  partially  crystalline,  yellow  paste  of  the  tin  salt  separated, 
and  after  standing  for  15  minutes,  the  mass  was  dissolved  in  water  and 
ice  added.  The  deep  orange-red  solution  was  then  treated  with  an  excess 
of  25%  sodium  hydroxide  solution,  no  trace  of  green  coloration  being 
evident.  The  amorphous  amino  compound  was  shaken  out  with  about 
one  liter  of  ether,  the  yellow  solution  depositing  most  of  the  substance  as 
yellow  needles  on  standing.  On  concentration  the  mother  liquor  yielded 
the  remainder,  the  total  being  15  g.  Recrystallized  from  hot  benzene, 
in  which  it  is  fairly  easily  soluble  at  the  boiling  point,  it  separates  as 
rosets  of  thickly  matted,  minute,  yellow,  microscopic  needles  which  melt 
at  220-1  °  with  slight  preliminary  softening.  Giemsa  and  Halberkann1 
give  217-80  as  the  melting  point,  while  in  German  patent  283,537  it  is 
given  as  208-12  °.  The  base  is  very  readily  soluble  in  chloroform,  quite 
easily  in  methyl  or  ethyl  alcohol,  less  so  in  acetone,  and  very  sparingly 
in  ether  or  cold  benzene.  It  gradually  turns  a  brownish  purple  on  ex- 
posure to  sunlight.  It  dissolves  in  dilute  acids  with  an  orange-red  color 
1  Ber.,  52,  922  (1919). 
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and  gives  the  t  thalleoquinine  reaction,  and,  as  we  shall  describe  more 
fully  in  a  subsequent  communication,  it  couples  smoothly  with  diazo 
compounds  to  form  well  defined  amino-azo  dyes.  [a]i>°  =  — 17-7°  m 
absolute  alcohol;  c  =  1.020. 

Subs.,  0.1 187:  12.85  cc.  N  (20.00,  749  mm.). 
Calc.  for  CaoHnOsNi:  N,  12.31.     Found:  12.44. 

S-Nitro-ethyl-dihydro-cupreine  (5-Nitro-optochin). — 20  g.  of  anhy- 
drous ethyl-dihydro-cupreine  sulfate  (from  a  solution  of  the  chloride 
with  ammonium  sulfate)  were  nitrated  as  in  the  case  of  dihydro-quinine 
sulfate.  The  base,  precipitated  from  the  diluted  reaction  mixture  with 
ammonia,  first  separated  amorphous  and  then  partly  crystallized.  It 
was  recrystallized  by  dissolving  in  50%  alcohol  with  the  aid  of  acetic 
acid  and  reprecipitated  by  the  addition  of  ammonia  to  the  warm  solution. 
The  base  separated  in  excellent  yield  as  lustrous,  pale  yellow,  hexagonal 
platelets  which  melted  and  decomposed  at  2  2  5-6  °  with  preliminary 
darkening  and  softening  after  another  recrystallization  from  toluene. 
It  is  rather  difficultly  soluble  in  cold  alcohol  or  acetone  but  readily  on 
boiling,  and  is  more  easily  soluble  in  cold  methyl  alcohol  or  chloroform. 
A  concentrated  neutralized  solution  of  the  nitro  alkaloid  in  hydrochloric 
acid  deposits  pale  yellow,  delicate  needles  of  the  hydrochloride.  [a]i>  's  = 
— 198. 20  in  chloroform;  c  =  0.515. 

Subs.,  0.1267:  12.15  cc.  N  (23.50,  760  mm.). 
Calc.  for  CnHttCMJi:  N,  10.91.    Pound:  11.04. 

5-Amino-ethyl-dihydro-cupreine  (5-Amino-optochin). — 18.5  g.  of  the 
nitro  compound,  treated  as  in  the  case  of  nitro-dihydro-quinine,  yielded 
14  g.  of  the  amino  alkaloid  after  recrystallizing  from  dil.  alcohol  with  the  aid 
of  boneblack.  Recrystallized  from  85%  alcohol,  the  base  separates  as  min- 
ute, lemon-yellow  platelets  which  melt  with  slow  decomposition  at  2 14-5  ° 
with  slight  preliminary  softening  and  darkening.  It  is  very  readily 
soluble  in  chloroform,  quite  easily  in  methyl  and  ethyl  alcohols  and  less 
readily  in  acetone,  forming  yellow  solutions.  It  dissolves  in  hot  benzene, 
separating  in  gelatinous  form  on  cooling.  The  solution  in  dil.  hydro- 
chloric acid  is  orange  in  color,  and  gives  the  thalleoquinine  reaction. 
[«]d'5°  is  — 15.90  in  absolute  alcohol,  c  =  1.034,  while  Giemsa  and 
Halberkann1  give  [a]™  =  — 13. 2  °  and  the  melting  point  as  21 1-2 °. 

Subs.,  0.1225:  12.55  cc.  N  (23.00,  770  mm.). 

Calc.  for  CmHmOjNj:  N,  11.83.     Found:  11.97. 

5a-Nitro-dihydro-quinidine. — 46.5  g.  of  anhydrous  dihydro-quinidine 
sulfate  were  nitrated  as  in  the  previous  cases,  the  final  precipitation  of  the 
free  base  being  carried  out  rapidly  with  ammonia  from  the  highly  diluted 
reactioii  mixture.  If  the  precipitation  is  too  slow,  or  if  the  solution  is  too 
concentrated  the  substance  separates  largely  as  a  gum  consisting  of  the 
1  hoc.  cit.,  pp.  922-3. 
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nitrate  of  the  base.  It  is  advisable  even  when  precipitation  is  properly 
accomplished  to  grind  the  filtered  and  washed  base  with  dil.  ammonia 
and  to  filter  and  wash  again.  The  yield  of  amorphous  base  was  43  g.  and 
was  sufficiently  pure  for  reduction  to  the  amino  alkaloid. 

On  dissolving  the  dried  base  in  hot  ethyl  acetate  and  allowing  to  cool 
rapidly  it  separates  as  a  jelly,  but  when  the  concentrated  solution  is  kept 
warm  and  rubbed,  the  nitro  compound  separates  slowly  as  yellow  rhombs. 
The  same  phenomena  occur  in  50%  alcohol,  since  crystallization  is  slow, 
and  in  order  to  avoid  contamination  with  amorphous  material  the  solu- 
tions must  be  kept  warm.  The  crystalline  base  is  readily  soluble  in 
alcohol,  chloroform,  acetone  and  ethyl  acetate,  less  easily  in  benzene  and 
very  sparingly  in  ether.  It  melts  and  decomposes  at  about  208-9  °  with 
preliminary  darkening  and  softening,  and  does  not  give  the  thalleo- 
quinine  test,     [a]™  =  +326.5 °  in  absolute  alcohol;  c  =  0.668. 

Subs.,  0.1082:  COs,  0.2579;  HiO,  0.0647.  Subs.,  0.1307:  N,  13.2  cc.  (23.00, 
765  mm.). 

Calc  for  C»HuCUN,:  C,  64.65;  H,  6.79;  N,  11.32.  Found:  C,  65.00;  H,  6.69; 
N,  11.72. 

The  Nitrate. — This  salt  was  obtained  in  one  experiment  in  which  the 
insufficiently  diluted  reaction  mixture  from  the  nitration  of  dihydro- 
quinidine  sulfate  had  been  precipitated  with  ammonia,  the  precipitate 
consisting  mostly  of  the  nitrate.  Although  flocculent  at  first,  it  sintered 
to  a  gum  which  prevented  filtration,  but  was  collected  and  dissolved  in 
95%  alcohol,  the  salt  separating  as  pale  yellow  rhombs,  which  were  again 
crystallized  from  alcohol.  The  air-dry  salt  contains  solvent  approxi- 
mately equivalent  to  2  molecules  of  water  of  crystallization,  and  like  the 
anhydrous  salt  intumesces  at  142-5  °.  It  is  slowly  but  fairly  readily 
soluble  in  water  with  a  bright  yellow  color  and  dissolves  readily  in  methyl 
and  ethyl  alcohols,  acetone  and  chloroform,  and  only  sparingly  in  hot 
benzene.     ]«[d  of  the  anhydrous  salt  is  +232.8 °  in  water;  c  =  0.896. 

Air-dry:  Subs.,  0.6727:  loss,  0.0570,  in  vacuo  at  8o°  over  H1SO4. 

Calc.  for  C»Hu04Nt.HNO,.2H20:  H,0,  766.    Found:  8.47. 

Anhydrous:  Subs.,  0.1112:  N,  12.0  cc.  (22.00,  763  mm.). 

Calc.  for  C»H»04N|.HNOj:  N,  12.90.    Found:  12.54. 

5-Amino-dihydro-quinidine. — 18.5  g.  of  the  dried,  amorphous  nitro 
alkaloid  yielded  1 1 .5  g.  of  the  amino  compound.  The  substance  separate* 
slowly  from  the  ethereal  extract  as  olive-yellow  rhombs.  Recrystallized 
from  95%  alcohol,  it  forms  minute,  rhombic  platelets  which,  when  rapidly 
heated  to  235  °,  then  slowly,  darken  and  decompose  at  238-42  °.  The 
base  is  somewhat  less  soluble  in  cold  alcohol  than  in  methyl  alcohol, 
forming  yellow  solutions,  and  is  more  easily  soluble  in  hot  chloroform  than 
in  hot  acetone.  It  gives  the  thalleoquinine  reaction  and  dissolves  in  dil. 
hydrochloric  acid  with  an  orange-red  color  which  appears  orange-brown 
in  thin  layers.     [a]™  is  +115.50  in  absolute  alcohol;  c  =  0.870. 
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Subs.,  0.1230:  N,  13.05  cc.  (24.50,  768  mm.). 
Calc.  for  CaoHnOjNj:  N,  12.31.    Pound:  12.30. 

5-Nitro-ethyl-dihydro-cupreidine. — 5  g.  of  ethyl-dihydro-cupreidine1 
were  slowly  added  to  25  cc.  of  fuming  nitric  acid  (sp.  gr.  1.52),  keeping  the 
temperature  below  o°.  Five  cc.  of  cone,  sulfuric  acid  were  then  added, 
and  after  standing  for  20  minutes  in  the  cold  the  mixture  was  poured  into 
1500  cc.  of  water.  The  nitro  base  was  precipitated  with  ammonia  and 
shaken  out  with  ether,  which,  on  concentration,  yielded  4-5  g.  of  the 
crystalline  nitro  compound.  Recrystallized  as  in  previous  examples  from 
50%  alcohol,  it  separates  as  rosets  and  plumes  of  minute,  narrow,  pale 
yellow,  glistening  platelets  which  melt  and  decompose  at  220-1  °  with 
preliminary  darkening  and  softening.  It  is  quite  soluble  in  alcohol, 
acetone,  benzene,  and  ether,  and  very  readily  so  in  chloroform.  [a]o  is 
+322.40  in  absolute  alcohol;  c  =  0.951. 

Subs.,  0.1082:  COj,  0.2593;  H*0,  0.0688.  Subs.,  0.1 194:  11.3  cc.  N  (22.00, 
758  mm.). 

Calc.  for  CwHwOiNi:  C,  65.41;  H,  7.07;  N,  10.91.  Pound:  C,  65.36;  H,  7.12; 
N,  10.92. 

5-Amino-ethyl-dihydro-cupreidine. — The  nitro  compound  was  reduced 
as  in  previous  examples,  but  an  entirely  pure  product  was  not  obtained. 
The  ethereal  solution  of  the  amino  alkaloid  left  a  crystalline  residue  on 
evaporation,  which  was  recrystallized  first  from  85%  alcohol,  then  from 
not  too  little  toluene,  separating  on  cooling  as  rosets  of  minute,  lemon- 
yellow  needles  which  melt  at  216-70  with  slight  preliminary  darkening 
and  show  [a]o's  =  — 69.40  in  dry  chloroform;  c  =  1.017,  [a]i>  5  =  +91.60 
in  absolute  alcohol,  c  =  0.524.  The  base  is  rather  difficultly  soluble  in 
alcohol,  more  easily  in  methyl  alcohol,  and  fairly  readily  in  dry  chloro- 
form, especially  on  warming.  It  is  sparingly  soluble  in  cold  toluene,  readily 
at  the  boiling  point,  separating  in  gelatinous  form  on  cooling  unless  the 
solution  is  seeded  and  permitted  to  crystallize  while  still  warm.  It  gives 
the  thalleo-quinine  reaction. 

Subs.,  0.1 166:  CO*.  0.3007 ;  HiO,  0.0834.  Subs.,  0.1309:  14.0  cc.  N  (23.50, 770  mm.) . 

Calc.  for  CuHstOjNi:  C,  7093;  H,  8.23;  N,  11.83.  Found:  C,  70.33;  H,  8.00;  N, 
12.48.  x 

5-Nitro-dihydro-quinane. — Dihydro-quinane  trihydrate*  was  nitrated 
«n  the  same  way  as  was  cthyl-dihydro-cupreidine.  The  partially  crystal- 
line nitro  compound  was  shaken  out  with  ether,  which  was  dried  and  the 
solution  then  concentrated.  The  residue  was  taken  up  in  85%  alcohol 
and  diluted  with  water  until  the  initial  turbidity  just  redissolved.  On 
rubbing  and  cautiously  adding  further  small  amounts  of  water,  the 
hydrated  nitro  compound  separated  in  a  yield  equal  to  that  of  the  di- 
hydro-quinane used.  Recrystallized  from  50%  alcohol  it  forms  radta- 
1  This  Journal,  41,  830  (1919). 
*  Sec  following  paper. 
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ting  masses  of  pale  yellow,  delicate  needles  which  retain  3.5  molecules  of 
water  of  crystallization  when  dried  to  constant  weight  in  a  desiccator 
over  water.  When  dried  in  the  air,  water  is  lost  and  the  substance  sinters 
to  a  gum.  The  hydrate  begins  to  soften  above  60  °  and  melts  to  a  turbid 
liquid  at  67.5-9 °.  It  dissolves  readily  in  alcohol,  acetone,  or  chloroform, 
and  rather  less  easily  in  ether.  It  does  not  give  the  thalleoquinine  test. 
[a)o  is  +80.20  in  95%  alcohol;  c  =  1.059. 

Air-dry:  Subs.,  0.4842:  loss,  0.0717  in  vacuo  at  80 °  over  H1SO4.  Subs.,  0.12 18: 
10.8  cc.  N  (23.50,  757  mm.). 

Calc.  for  C«H»OiN,.3.5HiO:  H»0,  1507;  N,  10.04.  Found:  H,0,  14.80;  N, 
10.17. 

An  attempt  to  reduce  this  substance  failed  owing  to  the  insolubility  of 
its  tin  double  salt. 

Summary. 

Improved  methods  are  given  for  the  preparation  of  5-nitro-  and  5- 
amino-dihydro-quinine,  and  it  is  shown  that  under  the  usual  conditions  of 
nitration  with  nitric  and  sulfuric  acids  sulfonation  also  occurs,  and  5- 
nitro-dihydro-quinine  sulfonic  acid  is  formed  as  a  by-product.  The  ex- 
tension of  the  methods  of  nitration  and  reduction  to  ethyl-dihydro- 
cupreine  (optochin),  dihydro-quinidine  and  ethyl-dihydro-cupreidine  led 
to  the  formation  of  the  nitro  and  amino  derivatives  of  these  alkaloids,  and 
descriptions  of  these  new  substances  are  given.  5-Nitro-dihydro-quinane 
(see  next  paper)  is  also  described. 

N*w  York.  N.  Y. 


[Contribution  from  the  Laboratories  op  the  Rockefeller  Institute  for 
Medical  Research.] 

SYNTHESES    IN     THE     CINCHONA     SERIES.    V.    DIHYDRO- 
DESOXY-QUININE  AND  DIHYDRO-DESOXY-QUINIDINE 
AND  THEIR  DERIVATIVES. 

By  Michael  Heidelberger  and  Walter  A.  Jacobs. 

Received  May  4,  1920. 

As  a  part  of  our  studies  on  the  cinchona  alkaloids  it  became  of  interest 
to  examine  the  biological  properties  of  the  so-called  "desoxy"  compounds, 
in  which  the  secondary  alcoholic  group  of  the  parent  bases 
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has  been  replaced  by  the  hydrogen  atom. 
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While  several  of  these  modified  alkaloids  have  been  prepared  and  studied 
chemically  by  Koenigs1  and  Rabe2  and  their  co-workers,  we  are  unaware  of 
any  previous  publications  on  the  desoxy  compounds  of  dihydro-quinine 
and  dihydro-quinidine  or  their  immediate  derivatives. 

In  reporting  this  work  we  have  adopted  a  slight  modification  of  the 
terminology  hitherto  used  in  this  series,  a  modification  which  we  believe 
will  avoid  the  use  of  unwieldy  combinations  and  take  care  of  any  further 
expansion  in  this  field.  Using  as  a  basis  Koenigs*  adoption  of  the  term 
"quinene"  for 
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and  Rabe's  use  of  the  term  "quininone"  for 
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we  have  employed  the  suffix  "-ane"  to  indicate  "desoxy-."     "Desoxy- 

quinine"  and  its  stereoisomer  would  then  become  "quinane"  and  "quini- 

dane,"  while  the  awkward  dihydro-desoxy-quinine  and  dihydro-desoxy- 

1  Koenigs,  Ber.,  28,  3H7  (1895);  29,  372  (1896). 
7  Rabe,  Ann.,  373,  107  (1910). 
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quinidine  become  dihydro-quinane  and  dihydro-quinidane.  Similarly,  the 
terms  "cinchonane"  and  "dihydro-cupreane"  seem  preferable  to  desoxy- 
cinchonine  and  dihydro-desoxy-cupreine. 

Adopting  this  terminology  then,  the  following  series  was  studied,  di- 
hydro-quinine  — >  chloro-dihydro-quinine  — ►  dihydro-quinane  — ► 
dihydro-cupreane  — >  ethyl-dihydro-cupreane;  or,  graphically. 
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While  it  would  no  doubt  have  been  possible  to  complete  the  correspond- 
ing series  starting  with  the  dextrorotatory  dihydro-quinidine,  we  have 
carried  our  chemical  studies  with  the  entire  group  only  as  far  as  was 
necessary  to  establish  the  fact  that  these  compounds  are  less  bactericidal 
for  the  pneumococcus  than  the  corresponding  parent  alkaloids. 

The  methods  used  for  the  preparation  of  the  chloro-  compounds  and 
the  "quinanes"  were  essentially  those  employed  by  Koenigs  and  Rabe  for 
the  corresponding  non-hydrogenated  derivatives,  with  the  exception  that 
the  "quinanes"  were  isolated  directly  from  the  reaction  mixture  as  the 
picrates.  The  demethylation  of  dihydro-quinane  and  dihydro-quinidane 
was  accomplished  by  boiling  with  hydrobromic  acid  (sp.  gr.  1.49).1 

With  the  exception  of  ethyl-dihydro-cupreane  all  of  the  new  bases 
crystallized  fairly  readily,  and  were  further  characterized  by  the  prepara- 
tion of  crystalline  mono-acid  and  di-acid  salts.  Dihydro-quinane  and  its 
stereoisomer  could  be  crystallized,  however,  only  in  the  form  of  hydrates, 
a  property  already  noted  by  Koenigs  in  the  case  of  quinane  and  quini- 
dane.  The  2  phenolic  alkaloids,  dihydro-cupreane  and  dihydro-cupreidane 
showed  themselves  entirely  analogous  in  their  properties  to  dihydro- 
cupreine  and  dihydro-cupreidine. 

JL  Derivatives  of  Dihydro-Quinine. 

Chloro-dihydro-quinine. — 133  g.  of  anhydrous  dihydro-quinine  di- 
hydrochloride  were  worked  up  into  a  smooth,  thin  paste  with  dry  chloro- 
form and  poured  into  a  suspension  of  200  g.  of  phosphorus  pentachloride 

Cf.  Tms  Journal,  41 ,  821  (191 9). 
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in  dry  chloroform,  checking  the  first  evolution  of  heat  by  immersion  in  a 
freezing  mixture.  A  voluminous,  pale  yellow  precipitate  formed,  and 
there  was  a  steady  evolution  of  hydrogen  chloride  as  the  mixture  came  up 
to  room  temperature.  During  the  next  4  or  5  days  the  mixture  was 
heated  in  a  water  bath  at  45-55  °  with  frequent  shaking,  and  was  then 
cooled  and  treated  with  ice  until  no  further  evolution  of  heat  was  ap- 
parent. The  base  was  precipitated  from  the  aqueous  layer  by  means  of 
sodium  hydroxide,  taken  up  with  ether,  dried  over  sodium  sulfate,  and 
the  solvent  distilled  off.  The  crystalline  residue  was  taken  up  in  boiling 
benzene  and  the  solution  treated  with  several  volumes  of  ligroin  (b.  p. 
80-90  °),  the  chloro-dihydro-quinine  separating  on  seeding  as  cream- 
colored  rhombs.  The  yield  was  67  g.  Recrystallized  first  from  dil. 
alcohol,  then  from  ligroin,  it  forms  large  rhombic  aggregates  which  melt 
slowly  at  1 43-4  °  with  slight  preliminary  softening.  The  substance  dis- 
solves readily  in  alcohol,  acetone,  chloroform,  or  benzene,  less  readily  in 
ether,  and  is  very  sparingly  soluble  in  cold  ligroin  but  fairly  readily  so 
at  the  boiling  point.  It  gives  a  pale  yellow,  non-fluorescent  solution  in 
dil.  sulfuric  acid.     [<x]d'5  is  +42.1  °  in  absolute  alcohol;  c  =  1.365. 

Subs.,  0.1869:  13.4  cc.  N  (22.0°,  757  mm.). 

Subs.,  0.1534:  (Carius)  AgCl,  0.0635. 

Calc.  for  CaoHasON-Cl:  N,  8.13;  CI,  10.28.     Found:  N,  8.27;  CI,  10.24. 

The  Hydrochloride. — A  solution  of  the  base  in  dil.  hydrochloric  acid 
was  neutralized  to  litmus  and  treated  with  sodium  chloride  until  the 
initial  turbidity  just  redissolved  on  shaking.  The  salt  gradually  sepa- 
rated, and  was  recrystallized  from  50%  alcohol,  separating  on  seeding 
and  letting  stand  in  the  ice-box  as  aggregates  of  narrow  plates  which 
are  anhydrous  and  dissolve  rather  sparingly  in  cold  water  or  alcohol, 
more  easily  on  heating.  The  aqueous  solution  is  colorless,  but  turns  a 
pale  yellow  when  excess  acid  is  added.  The  hydrochloride  begins  to 
darken  and  decomposes  at  230 °,  melting  with  decomposition  at  232-3  °. 
[a]!?"5  is  — 2.90  in  water;  c  =  1.197. 

Subs.,  0.1387:  8.8  cc.  N  (20.00,  760  mm.). 

Subs.,  0.1700:  8.89  cc.  AgNOi  sol.  (1  cc.  «=  0.001794  g.  CI). 

Calc.  for  CmHwONiCLHCI:  N.  735;  CI"  93 1.    Found:  N,  740;  CI",  938. 

Dihydro  -  quinane  (Dihydro  -  desoxy  -  quinine).  —  Chloro  -  dihydro  - 
quinine  was  reduced  with  iron  filings  and  dil.  sulfuric  acid  according  to  the 
method  of  Rabe  et  al.1  for  the  formation  of  similar  desoxy  compounds. 
Instead  of  extracting  the  base  from  the  dried  precipitate  of  iron  hydroxides, 
we  found  it  less  time-consuming  to  filter,  dilute  the  solution  with  an. 
equal  volume  of  water,  and  precipitate  the  alkaloid  with  an  excess  of  4% 
sodium  picrate  solution,  making  sure  that  the  reaction  remained  acid  to 
Congo  red.  The  picrate,  which  filters  readily,  was  washed  with  1% 
1  Ann.,  373,  107  (1910). 
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sulfuric  acid,  ground  to  a  thin  paste  with  water,  the  mixture  diluted,  and 
then  made  strongly  alkaline  with  sodium  hydroxide.  The  base  was 
shaken  out  with  ether,  the  latter  dried  over  sodium  hydroxide,  and  concen- 
trated. The  residue,  taken  up  in  acetone  and  precipitated  with  water, 
crystallized  on  rubbing,  owing  to  the  formation  of  the  trihydrate,  the  yield 
being  85%  of  the  amount  of  chloro  compound  used.  Recrystallized 
twice  by  dissolving  in  acetone,  diluting  with  water  to  incipient  turbidity, 
and  rubbing,  the  trihydrate  separated  as  silky  needles  which  were  brought 
to  equilibrium  for  analysis  in  a  desiccator  containing  only  a  beaker  of 
water.  When  exposed  to  the  air  the  crystals  gradually  lose  their  water, 
forming  the  oily,  anhydrous  base  which  could  not  be  crystallized  from 
dry  solvents.  The  trihydrate  dissolves  readily  in  the  usual  organic 
solvents.  A  solution  in  dil.  sulfuric  acid  shows  a  strong  bluish  fluores- 
cence and  is  also  relatively  stable  to  permanganate.  The  base  also  gives 
a  typical  thalleoquinine  test.  [a]i>  of  the  trihydrate  is  — 77-5°  in 
absolute  alcohol;  c  =  1.244. 

Subs.,  0.4048:  loss,  0.0606  in  vacuo  at  ioo°  over  H*S04. 

Bubs.,  0.1142:  COs,  0.2761;  H,  0.0889. 

Subs.,  0.1 181 :  8.4  cc.  N  (23.00,  764  mm.). 

Subs.,  0.1613:  (Kjeldahl)  12.45  cc.  0.0714  iVHCl. 

Calc.  for  CoH»ONt.3H,0:  C,  65.88;  H,  8.86;  N,  769;  H,0,  14.83.    Found:  C, 
65.94;  H,  8.71;  N,  8.25;  772,  H,0,  14.97. 

The  Hydrochloride. — Dihydro-quinane  was  neutralized  in  alcoholic 
solution  with  hydrochloric  acid,  concentrated  to  dryness  in  vacuo,  and 
the  residue  again  taken  down  to  dryness  in  vacuo  after  the  addition  of 
absolute  alcohol.  On  adding  dry  acetone  the  salt  soon  crystallized  as  delicate 
needles  which  are  anhydrous  when  air  dried  and  melt  at  1 79-80 °.     [a[j?'5 
is  — 6.8°  in  water;  c  =   1.034.    I*  dissolves  readily  in  water,  alcohol, 
chloroform,  or  methyl  alcohol,  and  only  difficultly  in  the  cold  in  dry 
acetone  or  benzene,  more  easily  on  warming. 
Subs.,  0.1237:  9.0  cc.  N  (22.50,  753  mm.). 
Subs.,  0.1293:  7.40  cc.  AgNOs  sol.  (1  cc.  =  0.00176  g.  CI). 
Calc.  for  CsoH«ONs.HCl:  N,  8.08;  CI,  10.22.    Pound:  N,  8.33;  CI,  10.07. 

The  Dihydrochloride. — The  base  was  treated  with  a  slight  excess  of 
absolute  alcoholic  hydrochloric  acid  and  then  with  dry  acetone  to  initial 
turbidity.  The  salt  crystallized  on  seeding  with  a  test  portion  which  was 
precipitated  with  dry  acetone,  decanted  off,  and  let  stand  under  dry 
acetone.  Recrystallized  by  dissolving  in  absolute  alcohol,  adding  a  few 
drops  of  dry  alcoholic  hydrochloric  acid,  then  about  two  volumes  of  dry 
acetone,  followed  by  dry  ether  to  incipient  turbidity,  the  salt  separated 
on  seeding  as  faintly  yellow,  radiating  masses  of  hair-like,  felted  needles 
which  come  to  equilibrium  in  the  air  with  solvent  equivalent  to  1.5 
molecules  of  water  of  crystallization.  When  rapidly  heated  to  155  °, 
then  slowly,  the  salt  softens  to  a  jelly  at  1 58-62  °,  gradually  swelling  and 
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evolving  gas,*  and  becoming  entirely  fluid  at  about  2100.  It  dissolves 
readily  in  alcohol  or  chloroform,  and  very  easily  in  water,  yielding  a  non- 
fluorescent  solution.  When  treated  with  a  slight  excess  of  hydrobromic 
acid  (sp.  gr.  1.49),  then  with  acetone  to  incipient  turbidity,  a  dihydro- 
bromide  separates  on  standing  as  long,  delicate  needles. 

Air  dry:  Subs.,  0.5360:  loss,  0.0380  in  vacuo  at  room  temp,  over  H*SO<. 

Cole,  for  C»H*ONs.2HCl.  15H1O:  H»Of  6.59.    Found:  7  09. 

Anhydrous:  Subs.,  0.1241:  8.05  oc.  N  (24.0 °,  753  mm.). 

Subs.,  0.1232:  12.95  cc.  AgNO»  sol.  (1  cc.  =  0.00176  g.  CI). 

Calc.  for  CS0HmON2.2HC1:  N,  7.31;  CI,  18.50.     Found:  N,  739J  CI,  18.50. 

Dihydro-quinane  Methiodide. — After  several  hours  the  solution  of 
the  components  in  dry  acetone  was  diluted  with  water,  the  salt  separating 
slowly  on  rubbing  and  letting  the  solution  stand.  Recrystallized  from 
25%  alcohol  it  separates  on  seeding  as  faintly  yellow,  glistening  platelets 
and  prisms  which  contain  one  molecule  of  water  of  crystallization  and 
dissolve  with  difficulty  in  cold  water  and  very  easily  on  boiling.  The 
anhydrous  substance  begins  to  sinter  above  no°,  forms  a  pale  yellow 
jelly  at  1 19-24 °,  and  is  completely  fluid  at  about  145 °.  [a]^  is  — 7 .4° 
in  absolute  alcohol;  c  =  1.145.  It  dissolves  very  easily  in  dry  chloro- 
form, somewhat  less  readily  in  dry  methyl  or  ethyl  alcohol,  and  is  almost 
insoluble  in  dry  acetone. 

Air  dry:  Subs.,  0.7350:  loss,  0.0286  in  vacuo  at  1000  over  H2SO4. 
Calc.  for  C2iH2tON2I.HjO:  H20,  3.83.     Found:  3.89. 
Anhydrous:  Subs.,  0.1486:  8.1  cc.  N  (23 .5°,  762  mm.). 
Subs.,  0.1 104:  4.85  cc.  AgNO»  sol.  (1  cc.  =  0.00642  g.  I). 
Calc.  for  C«HitONJ:  N,  6.20;  I,  28.07.     Found:  N,  6.29;  I,  28.22. 

Dihydro-cupreane  (Dihydro-desoxy-cupreine). — 25  g.  of  dihydro- 
quinane  trihydrate  were  boiled  with  100  cc.  of  hydrobromic  acid  (sp.  gr. 
1.49)  until  the  temperature  reached  125  °,  after  which  an  air  condenser  was 
attached  and  the  boiling  continued  for  3  hours.1  The  solution  was  then 
concentrated  in  vacuo,  taken  up  in  about  1.5  liters  of  water,  and  treated 
with  10%  sodium  hydroxide  solution  until  all  but  a  little  gummy  material 
had  dissolved.  This  was  redissolved  in  dil.  hydrochloric  acid  and  again 
made  alkaline  with  sodium  hydroxide,  whereupon  it  all  redissolved.  The 
combined  solutions  were  treated  with  boneblack  and  filtered  to  remove  an 
almost  negligible  turbidity,  and  the  filtrate  treated  with  ammonium 
chloride  solution.  The  resulting  precipitate,  and  an  additional  portion 
obtained  by  shaking  out  the  filtrate  with  chloroform,  were  dried  and  boiled 
with  dry  acetone,  crystallization  soon  being  complete.  The  yield  was 
15.8  g.  Recrystallized  from  ethyl  acetate,  it  separates  on  seeding  as 
minute,  delicate  needles  which  melt  at  191-1.50  to  a  yellow  liquid  filled 
with  bubbles.  It  is  very  slightly  soluble,  with  a  faint  yellow  color,  in 
boiling  water,  but  dissolves  readily  in  methyl  or  ethyl  alcohol,  or  chloro- 
1  Loc.  cti. 
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form.  It  is  sparingly  soluble  in  cold  benzene,  but  dissolves  on  warming. 
The  base  separates  from  methyl  ethyl  ketone  as  crusts  of  minute,  thin, 
narrow  platelets.  [a]j}  is  — 77. i°  in  absolute  alcohol;  c  =  0.973.  1&& 
dihydro-cupreine  and  dihydro-cupreidineMt  couples  readily  in  alkaline  solu- 
tion with  diazotized  aromatic  amines  and  does  not  give  the  thalleo- 
qmnine  reaction. 

Subs.,  0.1 123:  COi,  0.3165;  HjO,  0.0800. 
Subs.,  0.1175:  10.0  cc.  N  (28.00,  748  mm.). 

Calc.  for  CitHMON2:  C,  76.97;  H,  8.17;  N,  946.    Found:  C,  76.86;  H,  7.97; 
N,  950. 

The  Hydrochloride. — Dihydro-cupreane  was  dissolved  in  a  little 
absolute  alcohol  and  neutralized  to  wet  litmus  with  absolute  alcoholic 
hydrochloric  acid.  The  salt  soon  crystallizes  if  water  has  been  excluded. 
Recrystallized  from  absolute  alcohol,  filtering  the  cooled  solution  from 
a  slight  turbidity,  it  separates  on  standing  in  the  cold  as  thin,  glistening 
platelets  which  melt  at  about  2100  with  slight  decomposition.  [a]i>  = 
+  1.50  in  water,  c  =  0.999.  It  dissolves  readily  in  water  with  a  greenish 
yellow  color,  the  solution  giving  a  brown  color  with  ferric  chloride  and 
becoming  almost  colorless  with  an  excess  of  hydrochloric  acid.  It  also 
dissolves  readily  in  dry  methyl  alcohol  without  color,  changing  to  yellow 
on  adding  water.  It  is  very  difficultly  soluble  in  boiling  dry  acetone 
or  chloroform. 

Subs.,  0.1229:  9.1  cc.  N  (26.00,  764  mm.). 

Subs.,  0.1227:  7.4  cc.  AgNOj  sol.  (1  cc.  =*  0.00176  g.  CI). 

Calc.  for  CitH^ONa-HCl:  N,  8.42;  CI,  10.66.    Found:  N,  8.50;  Clf  10.62. 

The  Dihydrobromide. — In  another  preparation  of  dihydro-cupreane 
the  hydrobromic  acid  solution  was  concentrated  as  far  as  possible  in 
vacuo,  finally  in  a  boiling  water  bath,  taken  up  in  a  small  volume  of  ab- 
solute alcohol,  and  allowed  to  stand  overnight  in  the  cold.  The  crude  salt 
was  recrystallized  from  20%  aqueous  hydrobromic  acid,  after  seeding  with  a 
test  portion.  It  forms  delicate,  radiating  needles  which  contain  one 
molecule  of  water  of  crystallization  and  dissolve  readily  in  water.  The 
anhydrous  salt  slowly  liquefies  to  a  yellow  fluid  filled  with  bubbles  at 
225-7  °.  It  dissolves  in  dry  methyl  alcohol,  less  readily  in  absolute 
alcohol,  and  very  difficultly  in  boiling  dry  acetone  or  chloroform. 

Air  dry:  Subs.,  0.7651:  loss,  0.0266  in  vacuo  at  room  temp,  over  H3SO4. 
Calc.  for  C1tH24ONj.2HBr.H1O:  H20,  3.78.     Found:  348. 
Subs.,  0.1239:  10.85  cc-  AgNO«  sol.  (1  cc.  =  0.00396  g.  Br). 
Calc.  for  Ci»Hs«0Ni.2HBr:  Br,  34.89.    Found:  34-7Q. 

Dihydro-cupreane  Methiodide. — The  salt  separated  from  chloroform 

solution.    Recrystallized   twice   from   absolute   alcohol   it   forms   thin, 

nacreous,  faintly  yellow  platelets  which  dissolve  in  the  cold  in  water,  50% 

alcohol,  or  methyl  alcohol,  and  only  sparingly  in  absolute  alcohol  but  more 

1  Cf.  This  Journal,  41,  827  (1919)- 
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easily  on  boiling.  It  is  difficultly  soluble  in  boiling  dry  acetone,  chloro- 
form, or  benzene.  [a]u  is  — 37-6°  in  50%  alcohol,  c  «  1.050.  When 
rapidly  heated  to  1600,  then  slowly,  it  melts  to  a  jelly  at  160-5°  and  be- 
comes completely  fluid  at  165-7°. 

Subs.,  0.1452:  Agl,  0.0766. 

Calc.  for  C»oHj70NtI:  I,  28.97.    Found:  28.52. 

Ethyl-dihydro-cupreane  (Dihydro-cupreane  Ethyl  Ether)  Hydro- 
chloride.— Equimolecular  amounts  of  dihydro-cupreane,  50%  aqueous 
potassium  hydroxide,  and  washed  diethyl  sulfate  were  allowed  to  stand 
in  the  cold  in  absolute  alcoholic  solution  for  10  days.1  The  mixture 
was  then  treated  with  water  and  sodium  hydroxide,  shaken  out  with  ether, 
and  this  dried  over  potassium  hydroxide  and  concentrated.  As  the  free 
base  showed  no  tendency  to  crystallize  it  was  neutralized  to  wet  litmus 
with  absolute  alcoholic  hydrochloric  acid,  treated  with  several  volumes  of 
dry  ether,  and  seeded  with  crystals  obtained  from  a  similar  test  portion 
on  long  standing.  The  hydrochloride  forms  delicate  needles  which  melt 
at  1 85-6  °  and  dissolve  readily  in  water,  methyl  or  ethyl  alcohol,  acetone, 
or  chloroform.  The  yield  was  poor.  [a]o  is  — 9.0 °  in  water,  c  =  0.722. 
It  gives  the  thalleoquinine  test,  and  fluorences  strongly  in  aqueous  solution 
on  addition  of  a  drop  of  dil.  sulfuric  acid. 

Subs.,  0.1 193:  8.4  cc.  N  (22.5 °,  753  mm.). 

Subs.,  0.1 158:  6.28  cc.  AgNOi  sol.  (1  cc.  =  0.00176  g.  CI). 

Calc.  for  C«HMONt.HCl:  N,  7.77;  CI,  983.    Found:  N,  8.06;  CI,  955- 

Bromo-dihydro-cupreine  Dihydrobromide. — 8  g.  of  chloro-dihydro- 
quinine  were  demethylated  in  the  same  way  as  was  dihydro-quinane. 
During  the  concentration  of  the  hydrobromic  acid  solution  in  vacuo  the 
dihydrobromide  crystallized  and  was  filtered  off  after  cooling  and  the 
concentration  continued,  an  additional  amount  being  obtained  from  the 
residue  on  taking  up  in  water  and  seeding.  The  total  yield  was  10.6  g. 
Recrystallized  from  water  containing  a  little  hydrobromic  acid  it  separates 
as  glistening,  cream-colored  plates  containing  one  molecule  of  water  of 
crystallization.  Analysis  showed  that  the  chlorine  of  the  chloro-dihydro 
quinine  had  been  substituted  by  bromine.  The  salt  dissolves  in  water 
with  a  pale  yellow  color,  and  after  neutralization  with  sodium  hydroxide 
gives  a  pale  brown  color  with  ferric  chloride,  [a]™  of  the  anhydrous  salt 
is  — 69. 1  °  in  water,  c  =  1.005.  When  rapidly  heated  to  195  °,  then 
slowly,  the  yellowish  anhydrous  salt  turns  a  deeper  yellow  and  melts  with 
gas  evolution  at  196-7  °.  It  is  soluble  in  absolute  alcohol,  especially  on 
warming,  and  is  almost  insoluble  in  boiling  dry  acetone  or  chloroform. 

Air  dry:  Subs.,  0.5990:  loss,  0.0201  in  vacuo  at  room  temp,  over  H1SO4. 

Calc.  for  C1tHnON1Br.2HBr.HtO:  HtO,  3.25.    Pound:  3.36. 

Anhydrous:  Subs.,  0.1367:  6.6  cc.  N  (26.00,  752  mm.). 

Subs.,  0.1423:  10.71  cc.  AgNOa  sol.  (1  cc.  —  0.00396  g.  Br). 

Calc.  for  CltH»ONjBr.2HBr:  N,  5.22;  Br~,  29.76.    Found:  N,  5.45;  Br~  29.81. 

1  Cf.  Gcr.  pat  254,712;  This  Journal  41,  830  (1919). 
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The  free  base  was  found  to  be  quite  unstable.  It  is  precipitated  from 
aqueous  solution  by  sodium  carbonate  or  bicarbonate  as  pale  yellow, 
amorphous  flocks,  but  on  extracting  with  chloroform  red  decomposition 
products  axe  rapidly  formed,  and  while  crystals  could  be  obtained  by 
taking  up  in  dry  acetone  the  residue  from  the  evaporation  of  the  chloro- 
form in  vacuo,  satisfactory  analytical  values  could  not  be  realized.  It 
was  also  noted  that  the  product  contained  ionizable  halogen.  Solution 
of  the  dihydrobromide  in  excess  alkali  resulted  in  the  rapid  development 
of  an  orange  color,  and  the  base  recovered  on  adding  ammonium  chloride 
was  found  to  be  halogen-free. 

B.  Derivatives  of  Dihydro-quinidine. 

CUoro-dihydro-quinidine. — 133  g.  of  dihydro-quinidine  dihydro- 
chloride  (anhydrous)  were  dissolved  in  about  10  volumes  of  dry  chloro- 
form and  converted  into  chloro-dihydro-quinidine  exactly  as  in  the  case 
of  the  dihydro-quinine  derivative.  The  crude  base  was  dissolved  in 
several  volumes  of  hot  ligroin,  filtered  with  the  aid  of  boneblack  from  a 
small  amount  of  insoluble  material,  and  seeded  while  still  warm  with 
crystals  obtained  by  dissolving  a  test  portion  in  ligroin  and  letting  stand. 
44.6  g.  of  the  crystalline  base  were  Qbtained  by  keeping  the  solution  warm 
until  most  of  the  base  had  crystallized  and  then  allowing  to  cool  slowly  to 
room  temperature.  The  filtrate  was  treated  with  absolute  alcohol  and 
neutralized  to  litmus  with  alcoholic  hydrochloric  acid,  an  additional 
21  g.  of  the  hydrochloride  separating  in  this  way  as  delicate,  voluminous 
needles.  Recrystallized  twice  from  ligroin  as  above,  the  base  forms 
hard,  compact,  cream-colored  aggregates  of  minute  plates  which  melt  at 
93-5~"5°  with  preliminary  softening  and  show  [a]o  +20.00  in  absolute 
alcohol,  c  =  0.600.  It  gives  the  thalleoquinine  reaction  and  is  very 
easily  soluble  in  alcohol,  acetone,  chloroform,  benzene,  or  ether. 

Subs.,  0.1280:  9.4  cc.  N  (24.0°,  770  mm.). 

Subs. ,  o.  1 742 :  (Carius)  AgCl,  0.07 1 7 . 

Calc.  for  C*Hi»ON,Cl:  N,  8.13;  CI,  10.28.    Found:  N,  8.55;  CI.  10.18. 

The  Hydrochloride. — The  base  was  dissolved  in  a  little  absolute 
alcohol  and  neutralized  to  wet  litmus  with  dry  alcoholic  hydrochloric 
acid.  The  salt  which  separated  was  recrystallized  from  absolute  alcohol, 
forming  sheaves  and  rosets  of  delicate  needles.  After  drying  in  vacuo 
[o]d  was  +39.7 °  in  water;  c  =  0.795.  The  salt  turns  yellow  and  softens 
above  205  °  and  blackens  and  melts  at  208-9  °.  It  is  quite  soluble  in 
cold  water  and  dissolves  readily  in  dry  methyl  alcohol,  less  easily  in  dry 
alcohol  or  chloroform,  and  only  with  difficulty  in  boiling  dry  acetone. 

Subs.,  0.1191:  6.25  cc.  AgNOt  sol.  (1  cc.  —  0.00176  g.  CI). 
Calc  for  CioHttONfCl.HCl:  CI"  9.31.    Found:  9.24. 

Dihydro-quinidane  (Dihydro-desoxy-quinidine). — 40  g.  of  chlorodi- 
hydro-quinidine  were  reduced  to  dihydro-quinidane  and  isolated  exactly 
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as  in  the  case  of  the  corresponding  quinine  derivatives.  The  oily  base  was 
dissolved  in  alcohol,  diluted  with  water  to  incipient  turbidity,  and  seeded 
with  crystals  obtained  from  a  test  portion  dissolved  in  a  little  ligroin  and 
allowed  to  evaporate  spontaneously.  The  dihydrate  separated  as 
glistening  rhombs,  the  amount  being  increased  by  the  cautious  addition 
of  small  quantities  of  water.  The  yield  was  28.7  g.  Recrystallized  twice 
from  60%  alcohol  the  dihydrate  separates  as  rhombs  and  prisms  which 
show  [a]i? 5  «*  +  167.3  °  in  absolute  alcohol,  c  =  1.124,  and  melt  at 
81-3  °  with  marked  preliminary  softening  to  a  turbid  liquid  which  clears 
at  88°.  It  dissolves  readily  in  alcohol,  acetone,  chloroform,  or  benzene, 
less  easily  in  ether,  exhibits  a  marked  purplish  fluorescence  in  dil.  sulfuric 
acid  solution,  and  gives  the  thalleoquinine  test.  The  anhydrous  alkaloid 
melts  at  68.5-70  °  with  preliminary  softening. 

Air  dry:  Subs.,  0.4798:  loss,  0.0496  in  vacuo  at  room  temp,  over  HtSO*. 

Subs.,  0.1242:  COi,  0.3159;  HiO,  0.0980. 

Subs.,  0.1255:  9.6  cc.  N  (23. o°,  760  mm.). 

Subs.,  0.1554:  (Kjeldahl)  9.05  cc.  0.1  N  HO. 

Calc.  for  CioHmONj^HjO:  C,  69.31;  H,  8.73;  N,  8.09;  HiO,  10.40.     Pound:  C, 
69.37;  H,  8.83;  N,  8.82,  8.17;  HiO,  10.33. 

The  Hydrobromide. — The  dihydrate  was  suspended  in  a  little  50% 
alcohol  and  neutralized  hot  with  40%  aqueous  hydrobromic  acid.  The 
salt  separated  on  chilling  and  rubbing  and  was  recrystallized  twice  from 
50%  alcohol,  separating  as  prismatic  needles  containing  one  molecule  of 
water  of  crystallization,  dissolving  rather  sparingly  in  cold  water  but 
readily  in  cold  alcohol,  and  showing  [a]™  =  +64.5 °  in  water,  c  =  1.063. 
The  anhydrous  salt  melts  slowly  at  15 1-2  °  with  very  slight  gas  evolution 
and  dissolves  readily  in  methyl  or  ethyl  alcohol,  acetone,  or  chloroform 
and  difficultly  in  cold  benzene  but  easily  on  warming. 

Subs.,  0.4948:  loss,  0.0222  in  vacuo  at  80 °  over  H2SO4. 

Calc.  for  CjoHaeON2.HBr.H2O:  H2O,  4.40.    Found:  449. 

Anhydrous:  Subs.,  0.1177:  7.5  cc.  N  (26.00,  756  mm.). 

Subs.,  0.1048:  5.45  cc.  AgNOi  sol.  (1  cc.  =  0.00306  g.  Br). 

Calc.  for  C»H260N2.HBr:  N,  7.16;  Br,  20.42.     Found:  N,  724;  Br,  20.59. 

The  Dihydrobromide. — Dihydro-quinidane  dihydrate  was  dissolved 
in  absolute  alcohol  and  treated  with  hydrobromic  acid  (sp.  gr.  1.49)  until 
acid  to  wet  Congo  red  paper.  Dry  ether  was  then  added  to  incipient 
turbidity  and  the  solution  seeded  with  crystals  obtained  by  precipitating 
a  test  portion  with  dry  ether  and  taking  up  the  product  in  dry  acetone. 
The  collected  salt  was  suspended  in  a  little  boiling  absolute  alcohol  con- 
taining a  few  drops  of  hydrobromic  acid  and  treated  on  the  water  bath 
with  small  portions  of  95%  alcohol  until  dear.  The  dihydrobromide 
separated  slowly  on  cooling  and  seeding  as  faintly  yellow,  glistening 
rhombs  which  were  white  when  powdered  and  contained  no  solvent  of 
crystallization.     It  begins  to  turn  yellow  above  1800,  softens  at  about 
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210 °,  and  is  completely  fluid,  with  slow  gas  evolution,  at  about  225  °. 
The  salt  dissolves  readily  in  water  and  very  difficultly  in  boiling  dry 
acetone  or  chloroform. 

Subs.,  0.1051:  8.91  cc.  AgNOi  sol.  (1  cc.  =  0.00396  g.  Br). 

Calc.  for  C»H*0Ni.2HBr:  Br,  33.86.    Found:  33-59- 

Dihydro-quinidane  Methiodide. — The  salt  separates  in  quantitative 
yield  from  a  solution  of  the  components  in  dry  acetone.  Recrystallized 
twice  from  absolute  alcohol  it  forms  faintly  yellow,  warty  masses  of  short 
needles  which  dissolve  appreciably  in  cold  water,  readily  on  heating. 
When  rapidly  heated  to  1600,  then  slowly,  it  melts  at  163-40  with  slight 
preliminary  softening  to  a  yellow  liquid.  It  dissolves  readily  in  methyl 
alcohol  or  chloroform. 

Subs.,  0.1020:  4.47  cc.  AgNOi  sol.  (1  cc.  —  0.00629  g.  I). 

Calc.  for  C«HmONjI:  I,  28.07.    Found:  27.57. 

Dihydro-cupreidane  (Dihydro-desoxy-cupreidine). — 25  g.  of  dihydro- 
quinidane  were  demethylated  as  in  the  case  of  the  quinine  analog.  The 
residue  from  the  concentration  in  vacuo  crystallized  on  standing  overnight, 
and  was  dissolved  in  much  water,  the  solution  made  alkaline  and  then 
treated  with  saturated  ammonium  chloride  solution.  The  gummy 
alkaloid  was  filtered  off,  dried,  and  combined  with  a  further  amount  ob- 
tained by  extracting  the  filtrate  with  ether.  A  crystalline  product  was 
rapidly  formed  on  rubbing  with  dry  acetone,  the  yield  being  16.1  g.  after 
washing  with  dry  acetone.  Recrystallized  from  toluene,  in  which  it  is 
quite  soluble  at  the  boiling  point,  but  sparingly  so  at  even  a  few  degrees 
less,  it  forms  a  crust  of  cream-colored  rosets  of  microcrystals  which  melt 
slowly  at  183-3.5  °  *°  a  straw-colored  liquid,  [a]™  is  + 183.7  °  ^  ak- 
solute  alcohol,  c  =  0.991.  It  dissolves  readily  in  methyl  or  ethyl  alcohol 
or  chloroform,  and  very  difficultly  in  boiling  benzene.  In  its  chemical 
reactions  it  behaves  like  its  stereoisomer,  dihydrocupreane. 

Subs.,  0.1033:  COi,  0.2912;  HjO,  0.0762. 

Subs.,  0.1428:  11.75  cc.  N  (23.5 °,  764  mm.). 

Calc.  for  CnH^ONi:  C,  76.97;  H,  8.17;  N,  946.  Found:  C,  76.88;  H,  8.25;  N, 
952. 

The  Hydrochloride. — The  base  was  dissolved  in  a  slight  excess  of  N 
hydrochloric  acid,  neutralized,  and  the  solution  treated  with  saturated 
sodium  chloride  solution.  It  soon  solidified,  and  the  collected  salt  was 
recrystallized  from  water,  separating  on  seeding  as  short,  slightly  brownish, 
glistening  needles  which  contain  2  molecules  of  water  of  crystallization 
when  air  dry,  but  appear  to  separate  with  more  water,  as  the  air  dry  salt 
first  dissolves  freely  in  water  and  then  quickly  crystallizes  again.  The 
solution  gives  a  brownish  color  with  ferric  chloride.  The  anhydrous 
salt  gradually  softens  to  a  jelly  at  125-45  °,  and  forms  a  yellow  fluid  at 
about  2000.     It  dissolves  readily  in  dry  methyl  or  ethyl  alcohol  or  chloro- 
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form,  the  colorless  solutions  in  the  first  two  turning  yellow  on  adding 
water.     [a]™  of  the  anhydrous  salt  is  +76.80  in  water,  c  =  0.436. 

Air  dry:  Subs.,  0.5424:  loss,  0.0547  in  vacuo  at  ioo°  over  H2SO«. 

Calc.  for  C19H24ON1.HCl.2HsO:  HaO,  977-    Found:  10.08. 

Anhydrous:  Subs.,  0.1244:  9.2  cc.  N  (22 .5°,  763  mm.). 

Subs.,  0.1530:  9.18  cc.  AgNOt  sol.  (1  cc.  —  0.00176  g.  CI). 

Caic.  for  CiiHwONs.HCl:  N,  8.42;  CI.  10.66.    Found:  N,  8.57;  CI,  10.56. 

The  Dihydrobromide. — The  salt  separates  from  a  small  volume  of 
chilled,  dil.  hydrobromic  acid  as  faintly  yellow  aggregates  of  hexagonal 
plates  containing  2  molecules  of  water  of  crystallization  and  dissolving 
quite  readily  in  water  at  room  temperature,  less  easily  at  o°.  The  anhy- 
drous salt  softens  and  turns  yellow  above  1400,  forming  a  jelly  by  the 
time  1 750  is  reached  and  becoming  completely  fluid  at  about  205  °.  It 
forms  a  gum  under  dry  methyl  or  ethyl  alcohol,  dissolving  on  shaking, 
and  also  gums  under  dry  chloroform  but  does  not  dissolve  completely. 

Air  dry:  Subs.,  0.521 1 :  loss,  0.0414  in  vacuo  at  room  temp,  over  HtSO*. 

Calc.  for  C1tHs4ONs.2HBr.2HsO:  HsO,  7.29.    Found:  7.95. 

Anhydrous:  Subs.,  0.1225:  10.68  cc.  AgNOi  sol.  (ice.  =  0.00396  g.  Br). 

Calc.  for  CitHs40Ns.2HBr:  Br,  34.89.    Found:  34-54- 

Dihydrocupreidane  Methiodide. — The  salt  soon  separated  from  a 
solution  of  the  components  in  absolute  alcohol.  Recrystallized  from 
25%  alcohol  it  forms  short,  slightly  brownish,  prismatic  rods  which  con- 
tain no  water  of  crystallization  and  are  difficultly  soluble  in  cold  water 
but  readily  on  heating.  It  is  quite  soluble  in  methyl  alcohol  or  50% 
alcohol  and  almost  insoluble  in  boiling  dry  acetone  or  chloroform.  [a]o 
is  +95.00  in  50%  alcohol,  c  =  1.105. 

Subs.,  0.1369:  6.25  cc.  AgNO*  sol.  (1  cc.  —  0.00629  g.  I). 

Calc.  for  Cj»H270NsI:  I,  28.97.    Found:  28.71. 

Bromo  -  dihydro  -  cupreidine  Dihydrobromide.  —  Chloro  -  dihydro  - 
quinidine  hydrochloride  was  demethylated  as  in  the  case  of  chloro-di- 
hydro-quinine.  In  less  than  2  hours  the  dihydrobromide  separated 
from  the  boiling  solution  and  the  mixture  was  accordingly  cooled  and  the 
salt  filtered  off,  an  additional  amount  being  recovered  on  concentrating 
the  filtrate  to  small  bulk.  Recrystallized  from  water  containing  a  little 
hydrobromic  acid  it  separates  as  sheaves  of  pale  yellow,  delicate  needles 
which  are  anhydrous  and  decompose  at  about  255-6  °  with  slight  prelim- 
inary softening  and  darkening,  [a]™  is  — 47.70  in  water,  c  =  1.141.  A 
neutralized  aqueous  solution  gives  a  brown  color  with  ferric  chloride. 
The  salt  is  sparingly  soluble  in  boiling  absolute  alcohol,  but  dissolves 
somewhat  more  readily  in  boiling  dry  methyl  alcohol,  and  behaves  in  the 
same  way  as  its  stereoisomer  with  carbonates  and  alkalies,  the  free  base 
being  equally  unstable. 

Subs.,  0.1620:  7.40  cc  N  (23.00,  755  mm.). 

Subs.,  0.1200:  9.0  cc.  AgNOi  sol.  (1  cc.  «=  0.00396  g.  Br). 

Cak.  for  CitH»0NiBr.2HBr:  N,  5.22;  Br~,  29.76.    Found:  N,  523;  Br"  29.70. 
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If  a  warm,  fairly  concentrated  solution  in  water  is  nearly  neutralized 
with  sodium  hydroxide,  the  monohydrobromide  separates  on  rubbing  as 
diamond  shaped,  microscopic  platelets. 

C.  Derivatives  of  Quinidine. 
Chloroquinidine  Hydrochloride. — Chloroquinidine,  prepared  essentially 
according  to  Comstock  and  Koenigs,1  was  neutralized  in  dfl.  alcohol  with 
hydrochloric  acid.  The  solution,  after  boiling  with  boneblack  and  filter- 
ing, was  concentrated  to  dryness  in  vacuo  and  the  residue  taken  up  in  boil- 
ing absolute  alcohol.  The  hydrochloride  was  deposited  on  cooling  and 
was  recrystallized  from  absolute  alcohol,  with  the  addition  of  a  little  dry 
ether  to  the  cooled  solution.  The  salt  forms  woolly,  cream-colored 
needles  which  show  [a]"  =  +47.70  in  water,  c  =  1.017.  When  rapidly 
heated  to  1950,  then  slowly,  it  gradually  melts  and  decomposes  from 
199-206  °.  It  dissolves  readily  in  water  with  *  a  faint  yellow  color,  and 
also  dissolves  easily  in  dry  methyl  alcohol,  less  readily  in  dry  chloroform, 
and  is  practically  insoluble  in  dry  acetone. 

Subs.,  0.1278:  8.4  cc.  N  (29.00,  752  mm.). 

Subs.,  0.12 16:  6.26  cc.  AgNOt  sol.  (1  cc.  «  0.00181  g.  CI). 

Calc  for  C»H»ONtCl.HCl:  N,  7.39;  Cl~  9.35.    Found:  N,  7.35;  Cl~,  9-33- 

Quinidane  (Desoxy-quinidine)  Hydrochloride. — Quinidane  (desoxy- 
qninidine*)  was  dissolved  in  a  little  absolute  alcohol,  treated  with  a  molec- 
ular equivalent  of  cone,  hydrochloric  acid,  and  then  with  6-8  volumes  of 
dry  ether.  The  hydrochloride  crystallized  on  rubbing,  and  was  dissolved 
in  warm  95%  alcohol,  and  the  solution  treated  with  6-8  volumes  of  dry 
ether  and  filtered  rapidly  from  the  slight  precipitate  which  carried  con- 
siderable colored  impurity  with  it.  The  salt  separated  slowly  on  seeding 
as  aggregates  of  minute  crystals  which  retained  solvent  equivalent  to  one 
molecule  of  water  of  crystallization  on  air  drying.  The  anhydrous  salt 
shows  [aji?  «=  +81.90  in  water  c  =  1.3130,  and  sinters  and  gradually 
melts  above  1250,  forming  a  yellow  liquid  at  about  145  °.  It  dissolves 
readily  in  water,  methyl  or  ethyl  alcohol,  or  chloroform,  sparingly  in  cold, 
dry  acetone,  although  fairly  easily  on  boiling,  and  is  very  difficultly 
soluble  in  boiling  benzene. 

Air  dry:  Subs.,  0.6065 :  loss,  0.0322  in  vacuo  at  8o°  over  HsSO* 

Cak.  for  C»H«ON,.HCl.H,0:  HjO,  4.97.    Found:  5.31. 

Anhydrous:  Subs.,  0.1575:  11.4  cc.  N  (25.50,  759  mm.). 

Subs.,  0.1 196:  6.96  cc.  AgNOt  sol.  (1  cc.  »  0.00181  g.  CI). 

Calc  for  C*HMONs.HCl:  N,  8.13;  CI,  10.28.    Found:  N,  8.27;  CI,  10.54. 
Quinene  Dihydrochloride. — Crude  quinene,   prepared  and  isolated 
according  to  Comstock  and  Koenigs,*  was  dissolved  in  absolute  alcohol, 
treated  with  an  excess  of  absolute  alcoholic  hydrochloric  acid,  and  the 

1  Ber.t  18,  1223  (1885). 

1  Koenigs,  Ber.,  28,  3147  (1895);  Rabe,  et  al.,  Ann.,  373,  107  (1910). 

•  Ber.$  17,  1988  (1884). 
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dihydrochloride  precipitated  with  dry  ether.  Recrystallized  from  ab- 
solute alcohol  it  forms  sheaves  and  rosets  of  delicate,  lemon-yellow  needles 
which  retain  solvent  equivalent  to  one  molecule  of  water  of  crystalliza- 
tion when  air-dry.  The  anhydrous  salt  shows  [a]^'5  =  +18.40  in  water, 
c  =  1 .060,  and  gradually  sinters  and  darkens  when  heated,  melting  to  a 
dark  red-brown  liquid  at  180-50.  It  dissolves  readily  in  water  or  methyl 
alcohol,  less  easily  in  absolute  alcohol  or  dry  chloroform,  and  is  practically 
insoluble  in  dry  acetone. 

Air  dry:  Subs.,  0.6382 :  loss,  0.0267  *n  vacuo  at  room  temperature  over  H1SO4. 

Calc.  for  CwHaONj.2HCl.H1O:  HiO,  4.54.    Found:  4.18. 

Anhydrous:  Subs.,  0.1329:  8.8  cc.  N  (25.00,  756  mm.). 

Subs.,  0.1297:  13.85  cc.  AgNO«  sol.  (1  cc.  »  0.00176  g.  CI). 

Calc.  for  C»HaONt.2HCl:  N,  7.39;  CI,  18.69.     Found:  N»  755;  CI,  18.81. 

Summary. 
The  so-called  "desoxy"  derivatives  of  dihydro-quinine  and  dihydro- 
quinidine  are  described,  together  with  certain  of  their  salts,  homologs, 
and  the  alkaloidal  derivatives  encountered  in  their  preparation.  It  is 
proposed  that  the  substitution  of  the  suffix  "ane"  for  the  prefix  "desoxy" 
would  simplify  the  terminology  of  this  group  of  substances.  The  series 
dihydro-quinine  — ►  chlorodihydro-quinine  — ►  dihydro-quinane  — ► 
dihydro-cupreane  — ►  ethyl-dihydro-cupreane,  resulting  in  the  prepara- 
tion of  an  analog  of  ethyl-dihydro-cupreine  (optochin)  was  prepared  and 
studied. 

Nbw  York.  N.  Y. 
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Under  the  title,  "Benzoyloxyisobuttersaure  trichlorid,"  Willgerodt 
and  Diirr1  have  described  an  oil  which  they  obtained  through  the  inter- 
action of  trichloro-tertiary-butyl  alcohol  on  benzoyl  chloride  in  molecular 
quantities.    They  state 

"On  heating  the  mixture  there  is  a  rapid  evolution  of  hydrochloric  acid  gas.  The 
liquid,  boiling  at  270-290°,  obtained  by  fractionation  is  then  dissolved  in  ether  and 
shaken  with  an  aqueous  solution  of  sodium  carbonate.  After  drying  the  ethereal 
solution,  the  ether  is  evaporated,  and  the  yellowish  oil  remaining  is  distilled.  The 
principal  part  of  the  ester  distils  between  275-280°,  but  on  standing  in  the  receptacle 
deposits  crystals  of  benzoic  acid  which  are  removed  by  nitration.  The  oil  thus  ob- 
tained and  further  purified  has  finally  a  B.  P.  of  282°  and  is  yellow  in  color.  Chlorine 
determination:    Theoretical  37.8%.    Found  37.6%." 

1  Willgerodt  and  Durr,  J.  prakt.  Chem.  N.  F.$  39,  286  (1889). 
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Having  prepared  a  number  of  esters  of  trichloro-  and  tribromo-tertiary- 
butyl  alcohol  acetyl  chloretone,1  acetyl  brometone,*  propionic  and  butyric 
esters  of  brometone',  and  having  obtained  a  crystalline  benzoic  ester  of 
brometone  (this  work  is  unpublished)  it  occurred  to  me  to  repeat  the  work 
of  WiHgerodt  and  Dtirr,  especially  since  they  reported  their  product  as  an 
oil,  and  compare  it  chemically,  physically  and  pharmacologically  with  the 
other  esters  and  especially  with  the  corresponding  benzoic  acid  ester  of 
tribromo-tertiary-butyl  alcohol.  The  product  I  obtained  by  carrying  out 
this  synthesis,  differs  so  markedly  from  that  obtained  by  the  authors 
cited  that  I  consider  it  imperative  to  publish  the  results  of  my  investiga- 
tion. 

In  carrying  out  the  synthesis  according  to  the  very  brief  directions  given 
at  the  beginning  of  this  paper  by  Willgerodt  and  Dtirr,  the  author  finds 
that,  during  distillation  under  ordinary  pressure,  decomposition  products 
are  formed,  consisting  in  part  of  benzoic  acid,  which  may  be  recognized 
by  its  general  appearance,  solubility,  odor,  melting  point,  etc.  Hydrogen 
chloride  is  also  given  off  when  the  temperature  is  high.  No  doubt  the 
product  obtained  by  Willgerodt  and  Diirr  is  a  mixture  of  benzoic  acid,  a 
small  amount  of  the  ester,  the  principal  portion  having  been  decomposed 
by  the  high  temperature,  and  possibly  some  chloretone  and  other  sub- 
stances such  as  chlorine  decomposition  products.  That  benzoic  acid 
is  present  is  evidenced  by  the  authors  themselves  who  state  "the  distillate 
deposits  crystals  of  benzoic  acid  on  standing."  Indeed  the  method 
employed  by  the  authors  for  purification  would  naturally  lead  to  a  mixture 
of  various  products  rather  than  to  a  single  product,  since  no  attempt  was 
made  to  remove  the  uncombined  chloretone  and  benzoyl  chloride  that 
presumably  did  not  enter  into  the  reaction. 

According  to  the  method  to  be  given  shortly,  any  excess  of  chloretone 
or  benzoyl  chloride  is  removed  by  thorough  washing  and  heating  the 
product  with  alkali,  which  decomposes  the  ester  very  slowly,  and  then  with 
water  before  any  attempt  is  made  to  purify  the  ester. 

That  the  chlorine  determinations  made  by  Willgerodt  and  Diirr  agree 
so  closely  with  the  theoretical  value,  suggests  the  presence  of  bodies  with 
high  chlorine  content  mixed  with  other  bodies  containing  little  or  no 
chlorine. 

Although  distillation  under  ordinary  pressure,  as  practiced  by  Will- 
gerodt and  Diirr,  leads  to  decomposition  of  the  ester,  distillation  under 
reduced  pressure  can  be  carried  out,  as  shown  later,  with  very  little,  if 
any,  decomposition. 

1  Tfiis  Journal,  37,  2720  (1915). 
*Ibidf,  38,  2740(1916). 
*  Ibid.,  40,  1948  (1918). 
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Experimental. 

Molecular  quantities  of  chloretone,  dehydrated  over  calcium  chloride 
in  a  desiccator,  and  benzoyl  chloride  are  heated  on  the  steam  bath  for 
several  hours,  or  until  hydrogen  chloride  ceases  to  be  given  off  to  any 
extent.  The  reaction  is  practically  ended  in  about  6  hours,  although 
the  product  may  be  heated  longer  without  injury. 

As  soon  as  the  reaction  is  fairly  complete,  water  is  added,  and  the 
ester  thereby  thrown  out  in  the  form  of  an  oil  which  solidifies  when  cooled 
in  ice  water.  As  the  oil  solidifies,  it  is  best  to  agitate  the  contents  of  the 
flask  to  prevent  the  ester  from  forming  a  hard  cake  which  is  difficult  to 
remove.  When  the  ester  has  solidified,  the  supernatant  liquid  is  de- 
canted as  completely  as  possible,  an  excess  of  caustic  soda  solution  (5- 
10%)  is  added,  and  the  vessel  is  heated  on  the  steam  bath  for  about  half 
an  hour.  By  this  procedure,  any  chloretone  or  benzoyl  chloride  which 
remains  will  be  decomposed,  or  rendered  soluble  in  water.  At  the  end 
of  this  time,  the  flask  is  cooled  as  before,  and  its  contents  poured  into  a 
mortar  and  ground  to  a  fine  powder.  It  is  then  transferred  to  a  suction 
filter  and  washed  a  number  of  times  with  cold  water.  It  dissolves  readily, 
in  alcohol,  from  which  it  is  obtained  in  the  form  of  white  monoclinic 
crystals.    If  the  reaction  is  carried  out  carefully  the  yield  is  excellent. 

Chlorine  determinations  (Carius)  carried  out  with  a  product  which 
melted  between  34-35  °  after  several  recrystallizations  from  moderately 
strong  alcohol,  gave  the  following  results. 

Subs.,  0.2242, 0.2629:  AgCl,  0.3426, 0.4027. 

Calc.  for  CuHuOjCU:  3783.    Found:  3780,  37-89- 

The  ester  is  readily  soluble  in  strong  alcohol,  acetone,  chloroform, 
ether,  glacial  acetic  acid,  benzene,  etc.,  but  very  sparingly  soluble  in 
water.  It  may  be  recrystallized  to  advantage  from  alcohol,  from  which 
it  may  be  precipitated  by  water. 

Distillation. — (a)  Under  normal  pressure.  Twenty-three  g.  of  the 
purified  ester  was  distilled  under  ordinary  pressure.  Three  fractions 
were  obtained:  (1)  170-200°  (few  cc.)  (neglected)  distillate  colorless; 
(2)  200-250°  (small  portion);  (3)  250-270°  (greater  portion).  The 
residue  was  dark  reddish  in  color,  decomposition  having  taken  place, 
since  vapors  were  given  off  during  the  distillation.  To  the  third  fraction 
a  little  alcohol  was  added,  and  the  solution  was  placed  in  a  vacuum 
desiccator.  Crystals  formed  after  standing,  m.  p.  about  112°.  This 
would  point  possibly  to  benzoic  acid,  m.  p.  120°. 

Distillation. — (6)  Under  reduced  pressure.  Thirty-five  g.  of  the 
purified  ester  was  distilled  under  a  pressure  of  148  mm.  Four  fractions 
were  obtained:  (1)  190-220°  (few  cc.)  slight  coloration  in  distillation 
flask,  distillate  dear  and  colorless;  (2)  220-225°  (about  5  cc.)  color  in- 
creasing in  flask,  fumes  noted  in  receiver,  distillate  colorless;  (3)  225- 
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230 °  (about  5  cc.)  color  increasing  slightly  in  flask,  distillate  colorless; 
(4)  230-235  °  (about  20  cc.)  dark  residue  (small  in  amount)  left  in  flask, 
distillate  colorless. 

All  the  fractions  on  cooling  in  ice  water  solidified  to  a  mass  of  crystals, 
and,  after  recrystallization  from  alcohol,  all  gave  the  same  m.  p.,  34.5  to 
350,  the  melting  point  of  the  original  ester.  There  was  a  yield  of  29  g. 
of  purified  product  which  shows  very  little  decomposition.  In  this  state 
the  ester  apparently  boils  under  the  above  pressure  without  decom- 
position at  from  220-235  °.  The  volume  of  the  several  fractions  was 
estimated. 

The  ester  is  very  slowly  volatile  with  steam,  but  does  not  decompose. 
It  passes  over  as  an  oil  which  solidifies  on  cooling,  especially  when  rubbed 
with  a  rod  or  when  inoculated  with  a  crystal  of  the  substance. 

Unlike  chloretone,  brometone,  and  the  acetic  esters,  it  is  practically 
non-volatile  in  the  air  at  ordinary  temperature,  as  well  as  at  incubator 
temperature  (37  °).    The  loss  even  after  several  days  is  very  slight. 

When  boiled  with  water  for  18  hours  or  with  10%  sulfuric  acid  for 
several  hours,  very  little  decomposition  occurred.  The  supernatant 
liquid  gave  a  slight  test  for  chloride,  but  in  both  instances  practically  all 
of  the  ester  remained  as  an  oil  which  solidified  when  cooled  and  melted 
between  34  and  35  °. 

However,  when  the  ester  is  refluxed  with  10%  sodium  hydroxide  solu- 
tion, it  decomposes  slowly,  and  chlorides  may  be  recognized  in  the  super- 
natant liquid.  This  resistance  of  the  ester  to  the  action  of  moderately 
strong  alkali,  as  intimated  previously,  is  utilized  in  its  preparation  to 
separate  it  from  chloretone  and  benzoyl  chloride,  both  of  which  are  de- 
composed very  quickly  by  this  reagent,  especially  when  heated  with  it. 
If  the  boiling  with  alkali  is  not  continued  too  long,  a  portion  of  the  ester 
remains  undecomposed. 

When  acetyl  chloretone  is  boiled  with  an  excess  of  cone,  nitric  acid,  saponi- 
fication commences  immediately  and  the  presence  of  chloretone  may  be 
demonstrated  in  a  few  minutes  if  water  is  added;  when  acetyl,  propionyl 
or  butyryl  brometone  is  treated  in  the  same  way  saponification  takes  place 
also,  but  the  brometone  itself  is  decomposed  to  a  certain  extent  as  shown 
by  the  evolution  of  bromine  vapors.  When,  however,  the  benzoic  acid 
ester  is  treated  similarly,  the  halogen  complex  apparently  is  not  changed. 

With  water  or  10%  sulfuric  acid  in  a  sealed  tube  under  pressure  at  a 
temperature  of  160-170°  for  several  hours  the  greater  part  of  the  ester  is 
found  undecomposed  in  the  form  of  an  oil,  which,  when  cooled  in  ice 
water,  solidifies,  and  after  recrystallization,  melts  between  35°  and  36*. 

One  fact  stands  out  prominently:  the  benzoic  ester  is  characterized 
by  great  relative  stability,  greater  even  than  the  other  esters  thus  far 
studied.    It  also  differs  in  toxicity,  being  Va  as  toxic  as  the  acetic  ester  of 
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brometone,  and  about  V10  as  toxic  as  the  corresponding  acetic  ester  of 
chloretone.  As  far  as  observed,  the  benzoic  ester  does  not  produce  con- 
vulsions, which  is  at  variance  with  the  observations  of  Wolffenstein, 
Lowey  and  Bachstex  relative  to  analogous  esters.1  Perhaps  owing  to 
the  insolubility  of  the  ester,  the  properties  referred  to  do  not  develop, 
but  this  is  hardly  to  be  expected  since  the  other  esters  are  also  practically 
insoluble. 

The  following  pharmacological  facts  relative  to  the  ester  were  furnished 
by  my  associate,  Mr.  L.  W.  Rowe. 

"When  melted  and  mixed  with  olive  oil  and  injected  intraperitoneally 
into  guinea  pigs,  its  M.  L.  D.  was  found  to  be  about  1.5  g.  per  kg.  body 
weight. 

"Experiments  upon  dogs  indicate  that  the  compound  has  very  slight 
physiological  action,  even  when  given  in  very  large  doses.  One  dog  when 
given  0.5  g.  per  kg.  in  capsule  per  stomach  showed  slight  muscular  in- 
coordination i1/!  hours  later.    No  other  effect. 

"Another  dog  given  twice  the  above  dose  (one  g.  per  kg.)  in  the  same 
,  way  exhibited  slight  incoordination  and  uneasiness.    This  dog  was  killed 
4  days  later  and  an  examination  of  the  stomach  showed  that  no  irritating 
action  of  a  serious  nature  had  taken  place. 

"A  dog  was  given  one  g.  per  kg.  by  intraperitoneal  injection.  A  slight 
sedative  effect  was  observed  in  about  20  minutes.  Marked  diuresis  and 
purgation  resulted  in  about  30  minutes  after  injection.  Slight  nausea 
was  observed  about  2  hours  after  injection.  Dog  was  very  sick  and  died 
20  hours  after  being  dosed.  Autopsy  showed  marked  inflammation  of  the 
intestines  and  bladder,  showing  that  the  irritation  caused  by  the  material 
injected  must  have  been  largely  responsible  for  the  purgation  and  urina- 
tion. 

"Five  g.  of  the  melted  sample  was  injected  subcutaneously  into  a  dog. 
No  general  effect  was  observed.  Several  days  later  the  skin  sloughed 
off  at  the  site  of  injection  showing  that  the  material  was  very  irritating 
and  was  not  properly  absorbed. 

"That  irritation  is  produced  when  the  ester  is  injected  intraperitoneally 
or  subcutaneously  is  not  necessarily  indicative  of  irritant  properties 
inherent  in  the  substance  itself;  but  is  probably,  in  part  at  least,  caused 
by  its  non-absorption,  just  as  with  any  other  similarly  introduced  foreign 
material. 

"The  insolubility  of  the  compound  as  well  as  the  fact  that  it  is  ap- 
parently not  broken  up  in  the  body  into  soluble  constituents  renders  it 
difficult  to  study  its  pharmacological  action." 

Summary. 

The  benzoyl  ester  of  chloretone,  CeHsCO.OC-CsHeCU,  is  prepared  by 
1  Wolffenstein,  Lowey  and  Bachstex,  Ber.,  48,  5035-43  (1916). 
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heating  molecular  quantities  of  benzoyl  chloride  and  anhydrous  chloretone 
on  the  steam  bath  until  hydrogen  chloride  ceases  to  be  given  off.  The 
ester  is  a  solid  which  melted  between  34-35  °  and  not  an  oil  as  claimed  by 
WiHgerodt  and  Dtirr,  and  may  be  distilled  under  reduced  pressure  without 
decomposition.  It  is  not  readily  saponified,  and  in  this  respect  is  much 
more  stable  than  the  other  esters  previously  studied.  Boiling  with 
cone,  nitric  acid  does  not  decompose  it  as  is  the  case  with  the  aliphatic 
esters  of  both  chloretone  and  brometone.  Pharmacological  tests  would 
indicate  that  it  possesses  less  hypnotic  or  anesthetic  properties  and  is  less 
toxic  than  the  esters  studies  thus  far. 

Dstxoxt,  Mich 


(Contribution  from  the  North  Carolina  Department  o*  Agriculture.] 

COCKLE-BUR  OIL.    A  NEW  SEED  OIL. 

By  Lbland  B.  Rhodes. 

Received  May  22,  1920. 

The  purpose  of  the  investigation  was  to  prepare  cockle-bur  oil  and 
determine  some  of  its  physical  and  chemical  constants,  also  to  determine 
some  of  the  properties  of  the  kernels. 

The  burs  for  examination  were  gathered  in  the  vicinity  of  Raleigh,  N.  C, 
during  October,  19 19,  and  until  the  middle  of  November.  They  were  of  the 
variety  sometimes  known  as  the  clot-bur  (Xanthium  Echinatutn),  a  coarse 
asteracious  weed  having  rough  leaves  and  prickly  bur-like  heads.  The 
seed  has  the  property  that  one-half  germinates  one  year  and  the  other 
half  the  succeeding  year.  The  burs  were  cut  in  half  by  a  trimming  board; 
by  a  quick  sharp  movement  the  burs  are  not  mashed  and  the  kernels 
come  out  readily.  After  cutting,  the  burs  were  placed  in  a  box  and  shaken 
vigorously.  The  hulls  were  then  taken  out,  leaving  the  kernels  on  the 
bottom.  The  kernels  as  thus  obtained  were  placed  in  a  mortar  and  gently 
pounded  and  rubbed  to  remove  the  black  shucks.  By  blowing  into  the 
mortar  the  shucks  were  removed,  leaving  the  kernels. 

In  order  to  determine  the  per  cent,  yield  of  the  kernels,  the  most 
luxuriant  plants  were  harvested  and  the  kernels  separated  by  hand  from  a 
500  g.  sample  of  burs.    30.69%  by  weight  was  recovered. 

Table  I. — Properties  o*  the  Kernels. 

1.  2. 

%.  %. 

Moisture  (by  heating) 6.85  6.95 

Moisture  (by  vacuum) 7.22  7.23 

Crude  protein 40.34  40.33 

Crude  fiber  (A.  O.  A.  C.  method) 2 .  58  2 .  47 

Oil  (Soxhlet)  extracted  with  ethyl  ether 29.89  29. 78 

Oil  (Soxhlet)  extracted  with  petroleum  ether 29.80 

Ash 5-4*  54* 


Digitized  by  VjOOQIC 


I508  LELAND  B.  RHODES. 

The  oil  was  obtained  by  subjecting  the  ground  kernels  to  very  heavy 
pressure  in  the  cold  between  steel  plates,  after  which  it  was  allowed  to 
settle  for  2  or  3  days,  and  then  filtered  through  filter  paper  with  suction. 
It  is  light  yellow,  sparkling,  has  a  pleasant  odor  and  an  agreeable  and 
nutty  taste,  but  the  taste  is  not  marked.  A  sample  was  kept  6  months 
and  no  rancidity  was  observed,  but  all  samples  were  stored  in  a  dark  cool 
place. 

Tabus  II. — Properties  op  Cocklb-bur  Oil. 

Sp.  gr.  at  15.5° 0.9251 

Refractive  index  at  15.50 1 .4773 

Zeiss  butyro.  at  20.00 1 .4771 

Refractometer  at  40.00 1 .  4691 

Solidification  point — 18  .o° 

Iodine  number  (Hanus) 140. 8 

Saponification  number 100. 2 

Reichert-Meissl  number o. 233 

Hehner  number 89 . 7 

Acetyl  value 10.6 

Melting  point  of  the  fatty  acids +  19. o° 

A  drying  test  was  also  made  on  the  oil.  The  oil  was  dropped  on  a 
pane  of  glass  inclined  at  an  angle  of  30  °  from  the  horizontal,  down  which 
it  ran  leaving  a  film  of  graduated  thickness.  The  glass  was  placed  in  a 
well-lighted  place,  not  in  direct  sunlight,  but  indoors,  and  exposed  to  the 
air  during  the  test.  Average  room  temperature,  22  °.  The  oil  was  com- 
pletely dried  in  5  days.  Pure  raw  linseed  oil  under  like  conditions  re- 
quired 4  days  to  reach  the  same  degree  of  dryness. 

In  considering  the  oil  for  commercial  value  it  was  thought  that  the 
volume  of  the  crude  burs  for  unit  weight  should  be  obtained  as  well  as  the 
toxicity  of  the  meal.  A  one  liter  measure  packed  tightly  with  the  burs  was 
found  to  weigh  160.3  g.  Thus  one  liter  will  yield  49.19  g.  of  kernels. 
The  meal  was  found  to  be  highly  toxic.  A  small  quantity  of  meal  or  press 
cake  fed  to  guinea  pigs  killed  them  in  one  day. 

With  sulfuric  acid  cockle-bur  oil  gives,  first,  a  bright  yellow  color, 
changing  to  brownish  yellow,  which  alters  to  purple  and  finally  to  green. 

Summary. 
The  physical  and  chemical  characteristics  of  a  sample  of  cold-pressed 
cockle-bur  oil  have  been  determined,  and  also  some  of  the  properties 
of  the  impressed  kernels.  The  oil  is  a  drying  oil,  with  an  iodine  number  of 
140.8,  saponification  number  190.2.  The  kernels  contain  29.89%  oil 
and  40.34%  crude  protein. 

Ralviqh,  N.  C. 
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[Contribution  prom  the  Phytochemical  Laboratory,  Bureau  of  Chemistry, 
U.  S.  Department  op  Agriculture.] 

THE  ODOROUS  CONSTITUENTS  OF  APPLES.    EMANATION  OF 
ACETALDEHYDE  FROM  THE  RIPE  FRUIT. 

By  Frederick  B.  Power  and  Victor  K.  Chesnut. 

Received  May  24.  1920. 

The  fact  that  many  ripe  fruits  possess  characteristic  odors  is  well  known, 
but  it  is  somewhat  remarkable  that  so  little  information  has  been  recorded 
respecting  the  chemical  nature  of  the  substances  to  which  these  odorous 
properties  are  due.  This  deficiency  of  knowledge  may,  however,  be  at- 
tributed to  the  extremely  small  proportion  in  which  such  constituents  are 
usually  present,  to  their  more  or  less  complex  character,  and  to  the  conse- 
quent difficulties  attending  their  separation  or  identification.  The 
respective  odorous  substances  have  commonly  been  regarded  as  esters, 
and  a  number  of  artificially  prepared  compounds  of  this  class  have  indeed 
been  given  names  which  indicate  their  resemblance  in  odor  to  certain 
fruits,  such  as  "apple  oil"  for  amyl  valerate,  "pear  oil"  for  amyl  acetate, 
and  "pineapple  oil"  for  ethyl  butyrate.  The  so-called  artificial  fruit 
essences  are,  however,  usually  composed  of  a  mixture  of  substances, 
without  any  consideration  of  their  actual  occurrence  in  the  fruits  whose 
flavors  they  are  supposed  to  represent.  An  actual  identification  of  the 
principal  flavoring  constituent  of  an  edible  fruit  appears  to  have  been 
first  accomplished  by  Clemens  Kleber,1  who  has  shown  by  exact  analytical 
data  that  ripe  bananas  contain  amyl  acetate,  and,  so  far  as  known  to  us, 
this  has  remained  to  the  present  time  the  only  recorded  instance  in  which 
the  chemical  identity  of  a  natural  fruit  flavor  has  been  determined. 

Although  amyl  valerate  is  designated  in  most  chemical  text-books  as 
"apple  oil,"  there  appears  to  be  no  evidence  that  this  compound  has  ever 
actually  been  found  in  the  apple.  So  far  as  can  be  ascertained  from  a 
survey  of  chemical  literature  the  only  published  references  to  the  odorous 
constituents  of  apples  are  contained  in  2  brief  communications  by  C. 
Thomae,2  who  has  noted  that  when  fresh  apple  parings  are  mixed  with 
water  and  distilled  in  a  current  of  steam  a  little  solid  substance  passes 
over,  while  occasionally  some  oil  drops  are  formed  which  soon  for  the  most 
part  solidify.  By  extracting  the  distillate  with  ether  a  solid  mass  was 
obtained,  which  on  the  addition  of  a  little  alcohol  became  crystalline. 
After  separating  the  crystals  by  filtration  the  liquid  yielded  a  yellowish  oil 
which  had  the  odor  of  apples.  Other  experiments  were  made  by  extracting 
fresh  apple  parings  with  ether,  whereby  wax-like  substances  and  some 
drops  of  yellowish  oil  were  obtained.  The  author  does  not  state  the 
quantity  of  material  employed,  and  no  product  of  the  investigation  was 
further  characterized  or  identified. 
1  Am.  Perfumer,  7,  235  (1913)- 
1  /.  praH.  Chem.,  84,  247  (1911);  $7»  14-2  (1913). 
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ExperimentaL 

The  material  employed  in  the  present  research  was  generously  provided 
by  Mr.  L.  C.  Corbett,  in  charge  of  horticultural  and  pomological  in- 
vestigations of  the  Bureau  of  Plant  Industry,  and  consisted  of  fruit  grown 
on  the  experimental  farm  at  Arlington,  Va.  To  him  and  all  others  of  the 
above-mentioned  Bureau  of  the  Department  of  Agriculture  who  so  kindly 
placed  at  our  disposal  the  facilities  for  preparing  and  distilling  the  material 
our  warmest  thanks  may  here  be  expressed. 

Part  I.    Examination  of  Ben  Davis  Apples. 

The  variety  of  apple  first  examined  was  that  known  as  the  Ben  Davis, 
as  this  was  available  in  considerable  quantity,  and  as  the  odorous  con- 
stituents appear  to  be  contained  chiefly  in  the  outer  skin  or  rind  of  the 
fruit,  only  the  parings  were  employed.  The  apples  had  been  stored  in  a 
cellar  without  refrigeration,  and  at  the  time  of  distillation,  in  the  latter 
part  of  October,  had  developed  considerable  odor.  They  were  pared  by 
means  of  a  machine,  which  was  so  adjusted  as  to  completely  remove  the 
rind  with  only  a  very  small  portion  of  the  white  substance  of  the  apple, 
and  without  removing  the  core,  so  that  any  admixture  of  seeds  was  care- 
fully excluded.  In  order  to  avoid  any  possibility  of  fermentation  or  loss 
of  volatile  substances  the  fresh  parings  were  brought  immediately  into  a 
still,  and,  without  any  further  addition  of  water,  subjected  to  distillation 
in  a  current  of  steam.  The  total  amount  of  parings  employed  from  the 
above-mentioned  variety  of  apples  was  about  161  kg.,  representing  ap- 
proximately 805  kg.  of  the  entire  fruit.  The  amount  of  aqueous  distillate 
collected  was  163  liters.  This  distillate  was  somewhat  opalescent,  and  the 
first  portions  separated  some  oily  drops,  but  on  keeping  for  a  few  days  it 
became  perfectly  clear,  with  the  separation  of  a  little  solid  material  on  the 
sides  of  the  glass  vessels  containing  it.  The  liquid  possessed  in  a  high 
degree  the  pleasant,  characteristic  odor  of  fresh,  ripe  apples,  and  even  the 
first  portions  of  the  distillate  were  perfectly  neutral  to  test-paper.  After 
decanting  the  aqueous  liquid,  the  above-mentioned  solid  material  was 
dissolved  by  means  of  ether,  the  ethereal  solution  dried  with  anhydrous 
sodium  sulfate,  and  the  solvent  evaporated.  A  small  amount  (0.04  g.) 
of  a  colorless,  flocculent  substance  was  thus  obtained,  which  was  soluble 
in  hot  alcohol,  but  separated  for  the  most  part  on  cooling.  When  collected 
on  a  filter,  and  dried  on  a  porous  plate,  it  formed  thin,  satiny  laminae, 
which  were  not  altered  by  contact  with  either  cone,  nitric  or  sulfuric  add. 
The  substance  melted  quite  sharply  at  63  °  and  was  probably  slightly 
impure  triacontane,  CsoH«,  which  is  stated  to  melt  at  65.6 °. 
Concentration  of  the  Distillate.    Identification  of  Furfural  and  Acet- 

aldehyde. 

A  large  portion  of  the  original  aqueous  distillate,  amounting  to  106 
liters  and  representing  107  kg.  of  apple  parings,  was  repeatedly  cohobated 
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in  a  current  of  steam,  whereby  the  odorous  substances  were  eventually 
concentrated  in  a  volume  of  about  one  liter,  the  nearly  odorless  liquids 
remaining  from  this  treatment  being  reserved  for  further  examination. 
The  concentrated  distillate,  which  was  practically  neutral  and  contained 
some  globules  of  colorless  oil  floating  on  the  surface,  was  first  subjected 
to  some  special  tests.  It  gave  no  coloration  with  ferric  chloride,  indica- 
ting the  absence  of  phenolic  substances,  but  rapidly  reduced  an  ammoniacal 
solution  of  silver  oxide  in  the  cold,  producing  a  metallic  mirror,  and  also 
gave  an  immediate  red  coloration  with  sensitized  Setoffs  reagent,1  which 
was  evidence  of  the  presence  of  an  aldehyde.  A  few  drops  of  the  liquid 
gave  with  aniline  and  hydrochloric  acid  the  bright  red  coloration  charac- 
teristic of  furfural,  the  latter  having  doubtless  been  produced  in  the 
process  of  distillation.  When  tested  for  formaldehyde  by  means  of 
phenylhydrazine  hydrochloride2  a  perfectly  negative  result  was  obtained. 
On  the  other  hand  the  distillate  gave  the  specific  reaction  for  acetaldehyde, 
which  consists  in  adding  to  a  little  of  the  liquid  in  a  test-tube  one  or  two 
drops  of  a  solution  of  dimethylamine  (33%)  and  subsequently  about 
5  drops  of  a  freshly  prepared  1%  aqueous  solution  of  sodium  nitroprusside, 
when  a  beautiful  indigo-blue  color  is  produced,  soon  changing  to  brown  or 
yellow.  Rimini1  has  shown  that  the  reaction  for  acetaldehyde  as  ob- 
tained by  Simon4  with  trimethylamine  was  due  to  the  presence  in  the 
latter  of  dimethylamine,  and  that  it  is  given  by  all  secondary  bases  of  the 
aliphatic  series  or  by  ring  compounds  which  have  completely  lost  their 
aromatic  character  by  hydrogenation.  We  have  found  that  the  above- 
mentioned  blue  coloration  is  readily  obtained  with  a  solution  of  one 
part  by  weight  of  acetaldehyde  in  10,000  parts  of  water,  but  that  it  is  not 
produced  by  formaldehyde,  the  higher  fatty  aldehydes,  such  as  n-heptylic 
aldehyde,  or  by  aliphatic  terpene  aldehydes,  such  as  citral,  which  gives 
only  a  reddish  color.  Further  confirmation  of  the  presence  of  acetalde- 
hyde, and  evidence  of  its  occurrence  as  an  emanation  from  ripe  apples, 
will  subsequently  be  described. 

Hydrolysis  of  the  Esters  Contained  in  the  Concentrated  Distillate. 
Identification  of  Amyl  Alcohol  and  Formic  and  Caprylic  Adds. 
The  previously  mentioned  concentrated  distillate,  amounting  to  about 
one  liter,  was  brought  into  a  flask  provided  with  an  inverted  condenser, 
25  Z*  °f  pure  sodium  hydroxide  added,  and  the  mixture  kept  in  active 
ebullition  for  2  hours.  During  this  operation  the  liquid  acquired  a  deep 
yellow  color  and  a  small  amount  of  material  separated,  which  evidently 

1  Mulliken,  "Identification  of  Pure  Organic  Compounds/'  Vol.  I,  p.  15  (1905). 
* Z.  Nahr.  Genussm,,  5,  353  (1902)  and  /.  Assoc,  Official  Agr.  Chemists,  Methods  of 
Analysis,  1916,  p.  147. 

'  Annali  Fartnacoterapia  e  Ch.,  1898,  p.  249;  Chetn.  Centr.,  1898,  Bd.  II,  p.  277. 
*  Compt.  rend,,  125,  1105  (1897);  /.  Chem.  Soc.,  74,  II,  315  (1898). 
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consisted  of  the  so-called  aldehyde  resin.  After  cooling,  the  contents 
of  the  flask  were  distilled  in  a  current  of  steam,  and  about  300  cc.  of  liquid 
was  collected.  This  liquid,  which  gave  no  reaction  for  aldehyde,  possessed 
a  pleasant  odor,1  and  after  a  short  time  an  appreciable  amount  of  yellowish, 
oily  drops  separated  on  the  surface.  It  was  extracted  5  times  with  pure, 
aldehyde-free  ether,  and  the  neutral  aqueous  liquid  then  reserved  in  order 
to  test  for  the  presence  of  methyl  alcohol,  as  subsequently  described. 

The  above-mentioned  ethereal  liquids  were  united,  dried  with  anhydrous 
sodium  sulfate,  and  the  greater  part  of  the  ether  removed  by  distillation, 
the  residual  liquid  being  then  brought  into  a  small,  tared  flask  and  allowed 
to  evaporate  spontaneously  until  the  odor  of  ether  had  disappeared.  A 
yellowish,  oily  liquid  was  thus  obtained,  which  had  a  distinct  odor  of 
amyl  alcohol,  and  produced  the  characteristic  irritating  effect  of  the  latter 
on  the  throat  when  inhaled.  The  amount  of  this  liquid  was  0.7063  g., 
which  represented  0.00065%  of  the  weight  of  apple  parings  employed. 
It  was  brought  into  a  strong  flask  provided  with  a  tightly-fitting  glass 
stopper,  25  cc.  of  a  chromic  add  mixture*  added,  and  the  whole  heated  for 
15  minutes  on  a  water  bath  at  a  temperature  of  about  900  with  occasional 
agitation.  The  flask  was  then  cooled,  the  contents  diluted  with  water, 
transferred  to  a  separatory  funnel,  and  the  acid  liquid  extracted  5  times 
with  pure,  aldehyde-free  ether.  The  united  ethereal  liquids,  after  being 
washed  with  a  little  water,  were  extracted  4  times  successively  with 
25  cc.  of  a  5%  solution  of  barium  hydroxide.  The  total  alkaline  liquid 
was  treated  with  carbon  dioxide  for  the  removal  of  the  excess  of  baryta, 
and,  after  filtration,  the  neutral  liquid  was  concentrated  to  a  small  volume. 
On  the  addition  of  silver  nitrate  a  small  *  amount  of  a  nearly  colorless 
precipitate  was  obtained,  which  was  collected,  washed,  and  dried  on  a 
porous  tile  over  sulfuric  acid. 

Subs.,  0.0358:  Ag,  0.0185. 

Calc.  for  AgCtH9Ot:  Agf  51.7.     Found:  51.6. 

The  acid  obtained  by  the  oxidation  of  the  above-described  hydrolytic 
product  was  thus  found  to  be  valeric  acid,  and  its  formation  established 
the  presence  of  amyl  alcohol  in  the  apple  distillate. 

After  extracting  the  above-mentioned  ethereal  liquid  with  baryta  it 
was  washed  with  a  little  water,  dried  with  anhydrous  sodium  sulfate, 
and  the  ether  allowed  to  evaporate.  A  small  amount  of  an  oily  liquid  was 
thus  obtained,  which  was  mixed  with  water  and  distilled  in  a  current  of 
1  It  is  known  that  acetaldehyde  when  heated  with  a  caustic  alkali  is  chiefly  con- 
verted into  the  so-called  aldehyde  resin,  and  that  small  amounts  of  formic  and  acetic 
adds  are  also  produced,  together  with  some  odorous  substances  which  may  be  ex- 
tracted from  the  distilled  liquid  by  means  of  ether.  The  formation  of  these  products 
has  been  duly  considered  when  necessary  in  the  present  investigation  in  order  to  exclude 
any  incorrect  deductions. 

1  /.  prakt.  Chem.,  45,  599  (1892). 
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steam.  The  first  portion  of  the  distillate  separated  some  drops  of  a 
fragrant  oil,  and,  assuming  it  to  be  an  ester,  the  entire  distillate  was  sub- 
jected to  hydrolysis  with  sodium  hydroxide  and  further  examined  in  the 
manner  previously  described.  The  oily  product  was  thus  found  to  consist 
of  amyl  valerate,  which  had  been  formed  together  with  free  valeric  acid 
by  the  oxidation  of  the  amyl  alcohol. 

The  yellow,  strongly  alkaline  liquid  remaining  from  the  hydrolysis  and 
subsequent  distillation  of  the  concentrated  apple  distillate  was  filtered 
in  order  to  remove  the  small  amount  of  aldehyde  resin,  which,  when 
washed  and  dried,  amounted  to  0.63  g.  The  liquid  was  then  acidified 
with  sulfuric  add  and  distilled  in  a  current  of  steam.  About  2  liters  of 
distillate  was  collected,  the  first  portions  of  which  had  a  pronounced  odor 
and  acid  reaction,  and  separated  a  few  oily  drops.  The  entire  distillate 
was  made  alkaline  with  barium  hydroxide,  concentrated,  filtered,  and  the 
excess  of  baryta  removed  by  carbon  dioxide.  The  clear,  filtered  solution 
of  barium  salt  was  found  to  contain  a  considerable  amount  of  formate, 
which  was  removed  by  treatment  in  the  cold  with  a  4%  solution  of  potas- 
sium permanganate,  a  current  of  carbon  dioxide  being  meanwhile  passed 
through  the  liquid.  After  removing  the  slight  excess  of  permanganate 
by  a  gentle  heat,  and  filtering  to  separate  the  manganese  dioxide,  the 
colorless,  neutral  liquid  was  concentrated.  It  then  gave  with  silver 
nitrate  a  small  amount  of  a  nearly  white  precipitate,  which  was  collected, 
washed,  and  dried  on  a  porous  tile  over  sulfuric  acid. 

Subs.,  0.0449:  Ag,  0.0x92. 

Calc.  for  AgC|HuOi:  Ag,  43.0.     Found:  42.8. 

This  result  is  thus  seen  to  indicate  the  presence  of  caprylic  acid,  of 
which  further  evidence  was  subsequently  obtained.  The  filtrate  from  this 
salt  gave  no  further  precipitate  with  silver  nitrate,  and  no  additional 
amount  of  a  definite  silver  salt  could  be  obtained  from  it  by  concentration. 
The  residue  from  its  evaporation,  however,  when  heated  with  absolute 
alcohol  and  a  little  cone,  sulfuric  acid,  developed  a  fruity  odor,  which 
was  evidence  of  the  presence  of  small  amounts  of  the  lower  fatty  acids. 
In  addition  to  the  above-mentioned  formic  and  caprylic  acids,  as  obtained 
in  the  process  of  hydrolysis,  the  identification  of  other  acids  in  the  original 
distillate  will  subsequently  be  described. 

It  was  previously  noted  that  after  hydrolysis  of  the  concentrated  apple 
distillate  the  subsequent  distillate  from  the  alkaline  liquid  was  first 
extracted  with  ether  and  then  reserved  in  order  to  test  it  for  methyl 
alcohol.  This  was  conducted  by  first  saturating  the  liquid  with  common 
salt,  filtering,  extracting  with  light  petroleum  (b.  p.  30-55 °),  and  distilling 
the  salt  solution.  After  repeated  concentration  of  this  distillate  it  was 
tested  according  to  the  method  of  Denig&s,1  as  elaborated  by  von  Fellen- 
1  "Recherche  de  traces  de  methanal  en  presence  d'ethanal  par  la  fuchsine  bi- 
sulfitee,"  Compt.  rend.,  150,  529  (1910). 
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berg,1  which  depends  upon  the  oxidation  of  methyl  alcohol  in  strongly 
add  solution  to  formaldehyde.  A  reaction  was  obtained  which  showed 
quite  definitely  the  presence  of  traces  of  methyl  alcohol,  and  it  was 
ascertained  by  control  experiments  that  this  was  not  contained  in  the 
ether  which  had  previously  been  employed  for  extracting  the  liquid  ex- 
amined. This  result  was,  moreover,  confirmed  by  some  special  experi- 
ments, to  be  described  later,  which  completely  established  the  occurrence 
of  small  amounts  of  both  methyl  and  ethyl  alcohols  in  apple  parings. 

Examination  of  the  Aqueous  Liquids  Remaining  from  the  Concentration 
of  the  Original  Distillate.  Identification  of  Formic,  Acetic, 
Caproic  and  Caprylic  Acids. 
The  large  quantity  of  nearly  odorless  liquid  remaining  from  the  cohoba- 
tion  of  106  liters  of  the  original  distillate,  together  with  that  obtained  by 
the  subsequent  concentration  of  57  liters  of  distillate,  as  later  described, 
was  made  alkaline  with  sodium  hydroxide  and  evaporated  to  a  volume  of 
about  one  liter.  It  was  then  acidified  with  sulfuric  acid  and  distilled  in  a 
current  of  steam.  About  5  liters  of  distillate  was  collected,  the  first 
portions  of  which  were  turbid,  had  a  strongly  acid  reaction,  and  separated 
some  oily  drops.  The  entire  amount  of  distillate,  which  had  an  odor 
resembling  that  of  the  higher  fatty  acids,  was  made  alkaline  with  barium 
hydroxide  and  evaporated  to  a  small  volume.  After  filtration  the  excess 
of  baryta  was  removed  by  carbon  dioxide,  and  the  liquid  again  filtered 
and  concentrated.  It  was  found  to  contain  a  large  amount  of  formic 
acid,  which  was  removed  by  treatment  with  a  cold  4%  solution  of  potas- 
sium permanganate,  a  current  of  carbon  dioxide  being  meanwhile  passed 
through  the  liquid.  After  the  separation  of  the  manganese  dioxide  by 
gently  heating  and  filtering,  the  colorless,  neutral  solution  was  con- 
centrated. By  the  subsequent  addition  of  silver  nitrate  a  number  of 
silver  salts  were  obtained,  which  gave  the  following  figures  on  analysis. 

Fraction      I.    Subs.,  0.0139:  Ag,  0.0059. 

Calc.  for  AgCsHuO,:  Ag,  43.0.    Pound:  42.4. 

This  result  indicates  the  presence  of  a  small  amount  of  caprylic  acid, 
which  had  been  found  in  larger  proportion  in  the  products  obtained  from 
the  concentrated  distillate  after  hydrolysis. 

Fraction    II.    Subs.,  0.0370:  Ag,  0.0177. 

"         III.    Subs.,  0.0457:  Ag,  0.0223.    Subs.,  0.0394:  Ag,  0.0192. 

Calc.  for  AgCJTnOi:  Ag,  48.4.    Found:  II,  47.8;  III,  48.8,  48.7. 

These  fractions  evidently  represented  salts  of  caproic  acid,  and  they  all 
developed  the  characteristic  fatty  odor  on  ignition. 

The  filtrate  from  the  preceding  fractions  yielded  successively  the  fol- 
lowing additional  silver  salts. 
1  Biochem.  Z.,  85,  45  (1918). 
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Fraction  IV.    Subs.,  0.0464:  Ag,  0.0284. 
11  V.    Subs.,  0.0540:  Ag,  0.0342. 

**  VI.  Subs.,  0.0489:  Ag,  0.0312. 
"  VII.  Subs.,  0.05x9:  Ag,  0.0335- 
"      VIII.    Subs.,  0.0632:  Ag,  0.0407. 

Calc.  for  AgCiHjOi:   Ag,  64.6.    Found:  IV,  61.2;   V,  63.3;   VI, 
63.8;  VII,  64.5;  VIII,  64.4. 

It  may  be  concluded  from  the  above  results  that  the  volatile  acids  of  the 
Ben  Davis  apple  are  chiefly  formic,  acetic  and  caproic  acids,  with  a  very 
small  amount  of  caprylic  acid.  There  was  no  evidence  of  the  presence  of 
valeric  acid. 

Extraction  and  Characters  of  the  Essential  Oil. 

In  order  to  ascertain  the  general  characters  of  the  combined  volatile 
constituents  of  the  apple  a  portion  of  the  original  distillate  amounting  to 
57  liters,  which  represented  54  kg.  of  the  parings,  was  repeatedly  cohobated 
in  a  current  of  steam  until  the  odorous  substances  were  finally  contained 
in  a  volume  of  about  8  liters.  The  practically  odorless  liquids  remaining 
in  the  large  distilling  flasks  were  mixed  with  those  obtained  by  the  cohoba- 
tion  of  a  larger  quantity  of  the  original  distillate,  and  the  whole  examined 
as  already  described. 

The  above-mentioned  concentrated  distillate  was  extracted  4  times 
successively  with  specially  purified  ether,  which  was  free  from  aldehyde. 
The  united  ethereal  liquids  were  dried  with  anhydrous  sodium  sulfate, 
and  the  ether  removed  for  the  most  part  by  distillation,  after  which  the 
liquid  was  brought  into  a  small,  tared  flask,  and  the  remainder  of  the  ether 
allowed  to  evaporate  spontaneously.  The  amount  of  volatile  product  so 
obtained  was  1.905  g.,  thus  representing  0.0035%  of  the  apple  parings 
or  about  0.0007%  of  the  entire  fruit. 

The  essential  oil  was  a  yellow,  somewhat  viscid  liquid,  which  gradually 
became  darker  on  keeping,  and  possessed  in  a  high  degree  the  pleasant, 
characteristic  odor  of  fresh  apples.  When  cooled  slightly  below  the 
ordinary  room  temperature  it  formed  a  soft,  concrete  mass,  due  to  the 
separation  of  minute,  acicular  crystals,  which  evidently  consisted  of  the 
previously  mentioned  paraffin  hydrocarbon.  A  few  drops  of  the  oil, 
when  shaken  with  a  little  water,  gave  all  the  above-noted  reactions  for 
acetaldehyde,  and  it  also  gave  a  decided  reaction  for  furf ural  with  aniline 
and  hydrochloric  acid. 

The  concentrated  aqueous  distillate  which  had  been  extracted  with 
ether  for  the  removal  of  the  essential  oil  was  made  alkaline  with  sodium 
hydroxide  and  evaporated.  It  was  then  acidified  with  sulfuric  acid  and 
distilled  in  a  current  of  steam.  The  faintly  acid  distillate  was  made 
alkaline  with  baryta,  concentrated,  and  the  excess  of  baryta  removed  by 
carbon  dioxide.    After  filtration  and  concentration  the  liquid  was  found 
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to  contain  an  appreciable  amount  of  formate,  which  was  removed  by 
oxidation  with  a  4%  solution  of  potassium  permanganate  in  a  current  of 
carbon  dioxide.  The  small  amount  of  colorless  solution  eventually 
obtained  gave  on  the  addition  of  silver  nitrate  only  a  slight  precipitate, 
which  was  too  small  for  examination,  but  on  concentrating  the  filtrate 
therefrom  a  very  small  amount  of  a  silver  salt  was  deposited,  which  was 
collected,  washed  with  water,  dried  and  analyzed. 

Subs.,  0.0156:  Ag,  0.0101. 

Calc.  for  AgCtHiOt:  Ag,  64.6.    Found:  64.7. 

The  distillate  from  which  the  essential  oil  had  been  removed  was  thus 
found  to  contain  only  formic  and  acetic  acids. 

Part  n.    Examination  of  Springdale  Apples. 
Occurrence  of  Traces  of  Methyl  and  Ethyl  Alcohols. 

It  was  noted  in  connection  with  the  examination  of  Ben  Davis  apples 
that  traces  of  methyl  alcohol  were  found  in  the  distillate.  In  order  to 
confirm  this  observation  it  was  deemed  desirable  to  conduct  a  special 
experiment  in  which  there  could  be  no  possibility  of  error,  although  the 
purified  ether  used  for  the  previous  extraction  of  the  distillate  had  been 
carefully  tested  and  found  to  be  free  from  methyl  alcohol.  The  variety 
of  apples  available  for  this  purpose  was  that  known  as  Springdale,  and  they 
were  examined  in  the  latter  part  of  January. 

A  quantity  of  fresh  parings  from  the  apple,  amounting  to  about  7.5 
kg.,  was  immediately  distilled  in  large  glass  flasks  by  means  of  a  current 
of  steam,  and  about  5  liters  of  distillate  were  collected.  The  first  portions 
of  the  distillate,  which  had  a  fragrant  odor  and  contained  some  drops  of 
oil,  had  a  faintly  acid  reaction  and  responded  to  the  tests  for  acetaldehyde. 
The  entire  amount  of  distilled  liquid  was  repeatedly  cohobated  until  the 
odorous  or  more  volatile  constituents  were  finally  contained  in  a  volume 
of  about  500  cc.  To  this  liquid,  contained  in  a  flask  provided  with  an 
inverted  condenser,  10  g.  of  sodium  hydroxide  was  added,  and  the  mixture 
kept  in  active  ebullition  for  2  hours.  It  had  then  acquired  a  deep  yellow 
color  with  the  separation  of  a  small  amount  of  aldehyde  resin.  After 
cooling,  the  alkaline  mixture  was  distilled,  and  20  cc.  of  distillate  collected. 
This  liquid,  which  had  a  pleasant  odor,  was  saturated  with  common  salt, 
and  then  extracted  with  light  petroleum  for  the  purpose  of  removing  any 
higher  alcohols.  The  salt  solution  was  subsequently  distilled,  and  this 
distillate  subjected  to  further  repeated  distillations  until  finally  1.5  cc. 
was  collected,  the  receiver  being  cooled  with  ice.  A  small  portion  (0.1 
cc.)  of  this  liquid  when  oxidized  with  potassium  permanganate  in  strongly 
acid  solution  developed  a  distinct  odor  of  formaldehyde,  and  when  further 
treated  according  to  the  method  of  Denigfes1  a  decided  reaction  for  this 
1  Loc.cil. 
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aldehyde  was  obtained.  As  the  last-mentioned  substance  was  not  con- 
tained in  the  original  apple  distillate,  the  presence  of  minute  amounts  of 
methyl  alcohol  was  definitely  established.  It  could  naturally  not  be 
determined  whether  this  alcohol  was  contained  in  the  original  distillate 
as  such  or  in  the  form  of  an  ester,  and  it  may  possibly  have  been  produced 
during  the  distillation  of  the  apple  parings  by  the  hydrolysis  of  a  methyl 
ester  of  pectin.1 

The  remainder  of  the  above-mentioned  1.5  cc.  of  concentrated  distillate 
was  tested  for  the  presence  of  ethyl  alcohol  by  means  of  the  iodoform 
reaction,  when  distinct  crystals  of  this  substance  were  obtained. 

The  occurrence  of  ethyl  alcohol  in  fruits  and  other  parts  of  plants 
which  have  not  undergone  fermentation  has  previously  been  recorded  by 
several  observers.1  Moreover,  Gutzeit,8  by  the  distillation  of  several 
umbelliferous  fruits,  obtained  both  methyl  and  ethyl  alcohols,  which  may 
have  existed  in  the  form  of  esters,  and  methyl  alcohol  or  its  esters  was  like- 
wise found  by  Lieben*  in  the  products  of  distillation  of  meadow  grass 
and  the  leaves  of  trees.  It  has,  furthermore  been  noted  by  A.  Gautier6 
that  he  obtained  0.8  g.  of  ethyl  alcohol  from  300  g.  of  so-called  pommes 
gelies,  an  expression  which  refers  to  a  condition  of  some  apples  known  as 
"water-core,"  but  the  fruit  employed  by  us  was  of  perfectly  normal  ap- 
pearance. 

Other  Constituents  of  Springdale  Apples. 

All  the  aqueous  liquids  remaining  from  the  concentration  of  the  original 
distillate,  together  with  the  liquid  remaining  after  the  hydrolysis  and 
distillation  of  the  concentrated  portion,  were  made  alkaline  with  sodium 
hydroxide  and  evaporated  to  a  small  volume.  The  acids  were  then 
liberated  by  means  of  sulfuric  acid  and  converted  into  barium  salts  in  the 
manner  previously  described.  As  a  considerable  amount  of  formic  acid 
was  found  to  be  present,  this  was  first  removed  by  oxidation  with  potas- 
sium permanganate,  and  by  subsequent  precipitation  with  silver  nitrate 
the  following  fractions  of  silver  salt  were  obtained,  the  first  of  which 
became  slightly  reduced  on  drying. 

Fraction  I.  Subs.,  0.0342 :  Ag,  0.0168.  Found:  Ag,  49.1. 
"  II.  Subs.,  0.0245:  Ag,  0.0149.  Found:  Ag,  60.8. 
"        III.    Subs.,  0.0509:  Ag,  0.0317.    Found:  Ag,  62.3. 

Compare  Tschirch,  Arch.  Pharm.,  252,  538  (1914);  von  Fellenberg,  Biochem. 
Z.t  85,  45  (1918). 

,Lechartier  and  Bellamy,  Compt.  rend.,  69,  356,  466  (1869);  Pasteur,  ibid.,  75> 
1054  (1872);  MOntz,  ibid.,  86,  49  (1878);  Berthelot,  ibid.,  128,  1366  (1899). 

«  Ann.,  irtt  344.  372,  382  (1875). 

4  Monatsh.,    19,    333    (1898).     Compare   also     Miller,    Univ.    Wisconsin,  Bull. 

091  (1919). 

•  Bull.  soc.  ckim.,  25,  433  (1876). 
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These  results  indicated  the  acids  to  be  chiefly  formic  and  acetic,  with  a 
small  amount  of  caproic  acid. 

On  allowing  the  previously  mentioned  light  petroleum  extract  to 
evaporate  spontaneously  in  a  suitable  flask  a  very  small  amount  of  sub- 
stance was  obtained  which  possessed  a  pleasant  odor.  This  was  oxidized 
with  10  ce.  of  a  chromic  acid  mixture  and  further  treated  in  the  manner 
previously  described.  The  amount  of  barium  salt  eventually  obtained 
was  too  small  for  analysis,  but  a  portion  of  it  on  the  addition  of  dil.  sulfuric 
add  gave  a  pronounced  odor  of  valeric  acid,  and  the  remainder  when 
heated  with  absolute  alcohol  and  a  few  drops  of  sulfuric  acid  developed  the 
characteristic  odor  of  ethyl  valerate.  There  could  thus  be  no  doubt 
respecting  the  occurrence  of  amyl  alcohol  or  its  esters  in  Springdale  apples. 
Part  in.    Examination  of  Crab  Apples. 

As  crab  apples  possess  a  particularly  fragrant  odor,  and  were  available 
to  us  in  considerable  quantities,  it  was  deemed  of  interest  to  compare 
their  odorous  constituents  with  those  of  the  previously  examined  Ben 
Davis  apple.  The  variety  employed  for  this  purpose  consisted  of  the 
cultivated  yellow  fruit  known  as  the  "Golden  Beauty." 

The  operations  of  paring  the  apples  and  conducting  the  distillation 
were  precisely  the  same  as  those  described  in  the  first  part  of  this  paper. 
The  amount  of  parings  employed  was  77  kg.,  which  represented  about 
257  kg.  of  the  entire  fruit,  and  the  total  amount  of  distillate  collected  was 
76  liters. 

The  distillate,  which  had  a  fragrant,  apple-like  odor,  was  somewhat 
opalescent,  but  on  keeping  for  a  few  days  the  liquid  became  dear  and  an 
oily  film  separated  on  the  surface.  Even  the  first  portions  of  the  distillate 
were  perfectly  neutral  to  test-paper.  .  It  seemed  desirable  in  this  in- 
vestigation to  compare  the  yield  and  characters  of  the  essential  oil  with 
those  of  the  analogous  product  obtained  from  Ben  Davis  apples,  and  the 
total  amount  of  distillate  was,  therefore,  cohobated  in  a  current  of  steam 
until  the  odorous  constituents  were  concentrated  in  a  volume  of  10  liters. 
The  first  portions  of  this  concentrated  liquid  were  practically  neutral  and 
contained  a  considerable  amount  of  acetaldehyde,  but  gave  no  reaction 
for  furfural.  On  extracting  the  entire  concentrated  distillate  with  4 
successive  portions  of  ether  which  was  free  from  aldehyde,  and  removing 
the  solvent,  first  by  distillation  and  finally  by  spontaneous  evaporation, 
there  was  obtained  3.3579  g.  of  a  pale  yellow  oil.  This  represented 
0.0043%  of  the  apple  parings  or  about  0.0013%  of  the  entire  fruit. 

The  essential  oil  from  crab  apples  possessed  the  same  general  character 
as  that  obtained  from  Ben  Davis  apples,  and  no  material  difference  in 
odor  could  be  observed,  although  the  yield  of  oil  from  the  former  was 
somewhat  larger.  The  presence  of  both  furfural  and  acetaldehyde  was 
established  by  spedal  tests. 
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After  extracting  the  concentrated  distillate  with  ether  it  was  made 
alkaline  with  sodium  hydroxide  and  distilled  from  a  sand  bath,  the  portion 
passing  over  below  97  °  being  collected.  This  distillate  consisted  chiefly 
of  ether  with  a  small  aqueous  layer.  After  separating  the  latter  and 
washing  the  ether  several  times  with  water  the  aqueous  liquids  were 
united,  saturated  with  common  salt,  extracted  with  light  petroleum  (b.  p. 
30-55  °),  and  distilled.  On  concentrating  this  distillate,  and  testing  in  the 
previously  described  manner  the  small  portion  which  was  first  collected,  a 
decided  reaction  for  methyl  alcohol  was  obtained.  As  the  ether  originally 
employed  for  extracting  the  aqueous  distillate,  when  similarly  tested,  gave 
a  perfectly  negative  result,  the  presence  of  minute  amounts  of  methyl 
alcohol  or  its  ester  in  the  crab  apple  was  definitely  determined. 

The  above-mentioned,  aqueous,  alkaline  liquid,  from  which  the  portion 
boiling  below  97  °  had  been  removed,  was  acidified  with  sulfuric  acid  and 
distilled  in  a  current  of  steam  until  the  distillate  was  practically  neutral. 
The  volatile  acids  were  subsequently  converted  into  barium  salts,  and  as 
the  latter  were  found  to  contain  a  considerable  amount  of  formic  add, 
this  was  removed  in  the  previously  described  manner  by  means  of  potas- 
sium permanganate.  After  finally  concentrating  the  neutral  solution  it 
yielded  with  silver  nitrate  the  following  fractions  of  silver  salt,  which  were 
analyzed. 

Fraction  I.  Subs.,  0.0329:  Ag,  0.0208. 
"  II.  Subs.,  0.0497:  Ag,  0.0317. 
"        III.    Subs.,  0.0439:  Ag,  0.0282. 

Calc.  for  AgCtHaO*:  Ag,  64.6.    Found:  I,  63.2;  II,  63.8;  III,  64.2. 

The  concentrated  distillate  from  crab  apples,  after  extraction  of  the 
essential  oil,  was  thus  found  to  contain  chiefly  formic  and  acetic  adds, 
with  a  very  small  proportion  of  an  acid  of  higher  molecular  weight. 

Examination  of  the  Aqueous  Liquids  Remaining  from  the  Cohobation  of 
the  Original  Distillate.  Identification  of  Formic, 
Acetic,  and  Caproic  Acids. 
The  large  amount  of  nearly  odorless  liquid  remaining  from  the  cohoba- 
tion of  76  liters  of  the  original  crab  apple  distillate  was  made  alkaline 
with  sodium  hydroxide  and  evaporated  to  a  comparatively  small  bulk. 
It  was  then  acidified  with  sulfuric  add,  and  subjected  to  distillation  in  a 
current  of  steam.  The  first  portion  of  the  distillate  was  strongly  add, 
had  an  odor  of  the  higher  fatty  adds,  and  separated  an  oily  film  on  the 
surface.  After  converting  the  entire  amount  of  volatile  add  into  a  barium 
salt,  the  latter  was  found  to  contain  a  considerable  proportion  of  formate, 
and  this  was,  therefore,  removed  by  treatment  with  potassium  perman- 
ganate in  the  manner  previously  described.  The  concentrated,  neutral 
solution  eventually  obtained  yielded  with  silver  nitrate  several  successive 
fractions  of  silver  salt,  which  were  collected,  dried,  and  analyzed. 
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Fraction  I.  Subs.,  0.0205 :  Ag,  0.0099. 
s*  II.  Subs.,  0.0284:  Ag,  0.0138. 
"       III.    Subs.,  0.0439:  Ag,  0.0215. 

Calc.  for  AgC*HuO,:  Ag,  48.4.     Found:  I,  48.3;  II,  48.6;  III,  48.9. 

All  the  above  fractions  evidently  consisted  of  nearly  pure  silver  caproate. 
By  concentrating  the  filtrate  and  washings  from  the  above-mentioned 
precipitates  several  additional  fractions  of  silver  salt  were  obtained. 

Ag.  Found. 
Fraction.  Snbs.  O.  %. 

IV 0.0353  0.0178  50.4 

V O.I2I2  O.O616  5O.8 

VI O.0530  0.0273  51 -5 

VII 0.0634  0.0329  51.9 

VIII 0.0805  0.0477  59.3 

DC 0.0724  0.0457  63.1 

X 0.0764  0.0487  63.7 

XI 0.0334  0.02x5  64.4 

Calc.  for  AgCtHtOt:  64.6. 

In  view  of  the  composition  of  the  first  3  fractions,  and  the  gradual 
increase  in  percentage  of  silver,  it  may  be  considered  that  Fractions  IV 
to  X  consisted  of  mixtures  of  silver  caproate  and  acetate,  especially  as  the 
last  fraction  was  evidently  nearly  pure  acetate.  The  rather  close  agree- 
ment of  Fractions  VI  and  VII  with  silver  valerate,  which  requires  51.7% 
Ag,  is  regarded  merely  as  a  coincidence,  for  the  odor  developed  by  all  the 
salts  on  ignition  was  similar  to  that  produced  by  caproic  acid,  and  through- 
out the  investigation  there  was  otherwise  no  evidence  of  the  presence  of 
valeric  acid. 

The  above  results  have  thus  shown  the  volatile  acids  of  the  crab  apple 
to  be  the  same  as  those  of  the  Ben  Davis  apple,  consisting  chiefly  of  formic, 
acetic,  and  caproic  acids,  and,  as  will  be  indicated  later,  a  very  small 
amount  of  caprylic  acid  is  also  undoubtedly  present. 

Separation  of  the  Aldehyde  from  the  Distillate  of  Crab  Apples,  and  its 
Further  Identification  as  Acetaldehyde. 
In  the  preceding  examination  of  the  apple  distillates  the  presence  of  a 
notable  quantity  of  acetaldehyde  was  observed,  but  its  identification  was 
effected  only  by  the  described  qualitative  tests,  which  included,  however, 
the  characteristic  reaction  with  dimethylamine  and  sodium  nitroprusside. 
Inasmuch  as  the  plan  of  the  previously  described  investigation  necessitated 
the  treatment  of  the  concentrated  distillate  with  a  caustic  alkali,  in  order 
to  effect  the  hydrolysis  of  the  esters,  and  as  this  resulted  in  the  destruction 
of  the  aldehyde,  it  was  deemed  desirable  to  conduct  some  special  experi- 
ments whereby  the  identity  of  the  aldehydic  constituent  could  be  further 
confirmed.  It  was  also  considered  important  to  ascertain  that  the  acetal- 
dehyde was  not  accompanied  by  a  higher  homolog,  since  some  of  these 
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compounds  possess  highly  odorous  properties,  and  incidentally  the  alco- 
holic constituent  of  the  crab  apple  esters  has  also  been  determined. 

For  the  above-mentioned  purpose  17.24  kg.  of  fresh  crab  apple  parings 
were  brought  immediately  into  a  still,  and  the  material  subjected  to  distil- 
lation in  a  current  of  steam.  The  first  portion  of  the  distillate,  being 
concentrated,  was  set  aside,  and  the  distillation  then  continued  so  long 
as  any  odorous  substances  passed  over.  The  weaker  distillate  was  subse- 
quently concentrated  by  repeated  cohobation,  until  finally  the  con- 
centrated distillate  amounted  to  about  500  cc.  This  liquid  was  saturated 
with  sodium  hydrogen  sulfite,  and  the  mixture  set  aside  for  several  days, 
after  which  it  was  extracted  5  times  successively  with  pure,  aldehyde-free 
ether.  The  examination  of  these  ethereal  liquids  will  subsequently  be 
described.  The  sulfite  solution  was  made  alkaline  with  sodium  carbonate 
and  distilled  in  a  current  of  steam  until  about  500  cc.  of  distillate  was 
obtained.  The  first  portion  of  the  distillate  possessed  an  odor  which  was 
chiefly  that  of  acetaldehyde,  but  also  reminding  somewhat  of  a  higher 
aldehyde,  and  the  total  distillate  was  slightly  opalescent.  It  yielded 
in  a  high  degree  all  the  previously  described  aldehyde  reactions,  including 
that  characteristic  of  acetaldehyde.  A  special  test  for  formaldehyde  with 
phenylhydrazine  hydrochloride  gave  a  perfectly  negative  result,  thus 
confirming  the  previous  observations  regarding  the  absence  of  this  com- 
pound in  the  apple  distillate. 

The  distillate  containing  the  aldehyde  was  treated  with  an  alkaline 
solution  of  potassium  permanganate  until  the  red  color  was  permanent, 
after  which  it  was  filtered,  the  excess  of  permanganate  removed  by  the 
addition  of  a  solution  of  ferrous  sulfate  in  dil.  sulfuric  acid,  and  the  mixture 
distilled  in  steam.  The  entire  acid  distillate,  which  had  a  very  slight 
odor,  was  made  alkaline  with  barium  hydroxide,  and  the  liquid  filtered 
and  concentrated.  On  the  subsequent  addition  of  a  few  drops  of  solution 
of  silver  nitrate  a  slight  blackish  precipitate  was  produced,  which  was  re- 
moved by  filtration,  after  which  by  fractional  precipitation  a  series  of 
perfectly  white  silver  salts  was  obtained.  These  were  dried  over  sulfuric 
acid  and  analyzed. 

Sub«.  Ag.  Pound. 

Fraction.  G.  G.  %. 

I O.0486  O.0311  64.O 

II * O.0374  O.0240  64.2 

III O.0358  0.0359  64.3 

IV O.0485  O.03I2  64.3 

V 0.0822  0.0527  64.X 

Calc.  for  AgCjHiOs:  64.6. 

These  results  indicate  that  the  aldehyde  obtained  from  the  crab  apple 

was  nearly  pure  acetaldehyde,  with  possibly  a  trace  of  a  higher  homolog. 

The  total  amount  of  silver  salt  obtained  was  0.6493  g.,  which  would 
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correspond  to  0.1711  g.  of  acetaldehyde,  or  about  0.001%  of  the  weight 
of  apple  parings  employed.  Inasmuch  as  the  yield  of  essential  oil,  which 
naturally  would  contain  but  little  of  the  aldehyde,  was  0.0043%,  the 
proportion  of  the  latter  in  the  original  apple  distillate  was  relatively 
large. 

Hydrolysis  of  the  Esters.  Identification  of  Amyl  Alcohol. 
As  previously  mentioned,  the  concentrated  crab  apple  distillate  after 
saturation  with  sodium  hydrogen  sulfite  was  extracted  several  times  with 
ether  in  order  to  remove  the  non-aldehydic  substances.  The  united 
ethereal  liquids,  which  gave  no  reaction  for  aldehyde,  were  washed  with  a 
little  water,  dried  with  anhydrous  sodium  sulfate,  and  the  greater  part 
of  the  ether  removed  by  distillation.  The  liquid  was  then  brought  into 
a  small,  tared  flask  and  the  remainder  of  the  ether  allowed  to  evaporate 
spontaneously,  when  there  was  obtained  0.2677  g.  of  a  yellowish  oil 
which  had  an  intense,  and,  when  diluted,  pleasant  apple-like  odor.  This 
represented  0.0015%  of  the  weight  of  apple  parings.  The  oily  product 
was  mixed  with  200  cc.  of  water,  10  g.  of  sodium  hydroxide  added,  and  the 
mixture  heated  for  2  hours  in  a  flask  provided  with  an  inverted  condenser. 
It  was  then  allowed  to  cool  and  distilled  in  a  current  of  steam.  The  first 
portion  of  the  distillate  separated  some  oily  drops  and  had  the  odor  of 
amyl  alcohol.  The  entire  distillate  was  extracted  5  times  with  pure, 
aldehyde-free  ether,  the  united  ethereal  liquids  dried  with  anhydrous 
sodium  sulfate,  and  the  greater  part  of  the  ether  removed  by  distillation, 
the  remainder  being  then  allowed  to  evaporate  spontaneously  in  a  flask 
provided  with  a  glass  stopper.  To  this  residue,  consisting  of  a  few  drops 
of  yellowish  oily  liquid,  10  cc.  of  the  previously  mentioned  chromic  acid 
mixture  was  added,  and  the  whole  heated  on  a  water  bath,  with  occasional 
agitation,  for  about  15  minutes.  It  was  then  cooled,  diluted  with  water, 
and  extracted  5  times  with  pure  ether.  The  united  ethereal  liquids  were 
washed  with  a  little  water,  and  then  extracted  4  times  successively  with  a 
5%  solution  of  barium  hydroxide  in  portions  of  25  cc.  each.  These 
alkaline  liquids  were  saturated  with  carbon  dioxide  to  remove  the  excess 
of  baryta,  and  the  filtered  solution  concentrated.  On  the  subsequent 
addition  of  silver  nitrate  a  very  small  amount  of  a  nearly  white  precipi- 
tate was  obtained,  which  was  collected,  washed  with  a  little  water  and 
dried. 

Subs.,  0.0196:  Ag,  0.0100. 

Calc.  for  AgCsHiO*:  Ag,  51.7.     Found:  51.0. 

This  result  showed  that  the  salt  was  silver  valerate,  and  it  afforded 
evidence  that  the  crab  apple,  like  ordinary  apples,  contains  amyl  alcohol 
in  the  form  of  esters. 

No  further  amount  of  silver  salt  could  be  obtained  from  the  above- 
mentioned  solution,  but  the  evaporated  mother-liquor  on  the  addition 
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of  dil.  sulfuric  acid  developed  the  odor  of  valeric  acid.  The  ethereal 
liquid  from  which  the  valeric  acid  had  been  extracted  by  means  of  baryta 
was  washed  with  water,  dried  with  anhydrous  sodium  sulfate,  and  the 
ether  removed,  but  it  yielded  a  scarcely  perceptible  residue. 
Acids  Obtained  by  the  Hydrolysis  of  the  Esters. 
The  strongly  alkaline  liquid  remaining  after  the  hydrolysis  of  the  esters 
and  subsequent  distillation  was  acidified  with  sulfuric  acid  and  again 
distilled  in  a  current  of  steam.  The  first  portion  of  distillate  was  opales- 
cent, and  a  very  small  amount  of  solid  substance  separated  in  the  con- 
denser, but  it  was  gradually  carried  over  and  probably  consisted  of 
caprylic  acid,  which  melts  at  16.5  °.  The  entire  amount  of  volatile  acid 
so  obtained  was  converted  into  a  barium  salt,  and  the  concentrated  solu- 
tion of  the  latter  yielded  with  silver  nitrate  a  perfectly  white  silver  salt, 
which  was  analyzed. 

Subs.,  0.0975:  Ag,  0.0459* 

Calc.  for  AgCtHuOi:  Ag,  484. 

Calc.  for  AgCtHuOi:  Ag,  43.0.    Found:  47.1. 

This  result  indicated  the  salt  to  consist  of  a  mixture  of  silver  caproate 
and  caprylate,  the  former  largely  predominating. 

Acids  Remaining  in  the  Original  Distillate  after  Cohobation. 
The  large  volume  of  aqueous  liquid  remaining  from  the  concentration 
of  the  original  distillate  by  cohobation  was  made  alkaline  with  sodium 
hydroxide  and  evaporated.    It  was  then  acidified  with  sulfuric  acid  and 
distilled  in  a  current  of  steam,  the  volatile  acids  being  subsequently  con- 
verted into  a  barium  salt.    As  the  solution  of  the  latter  was  found  to 
contain  a  considerable  amount  of  formic  acid,  this  was  removed  by  means 
of  potassium  permanganate  in  the  manner  previously  described.    The 
filtered  and  concentrated  neutral  liquid  eventually  obtained  gave  with 
silver  nitrate  a  small  precipitate,  which  was  collected,  dried,  and  analyzed. 
Fraction  I.    Subs.,  0.0450:  Ag,  0.0224.    Found:  Ag.  49.8. 
This  salt  evidently  consisted  chiefly  of  silver  caproate,  which  requires 
48.4%  Ag,  together  with  a  little  acetate.    By  the  evaporation  of  the 
mother-liquor  two  other  portions  of  salt  were  successively  obtained  and 
analyzed. 

Fraction    II.    Subs.,  0.0635:  Ag,  0.0384. 
"        III.    Subs.,  0.05 16 :*  Ag,  0.0328. 

Calc.  for  AgdHiOi:  Ag,  64.6.    Found:  I,  60.5;  II,  63.6. 

From  the  above  results  it  may  be  concluded  that  the  aqueous  liquid 
remaining  after  cohobation  of  the  original  distillate  contained  chiefly 
formic  and  acetic  acids  with  a  small  proportion  of  caproic  acid. 
Part  IV.    Emanation  of  Acetaldehyde  from  Ripe  Apples. 

The  occurrence  of  acetaldehyde  among  the  products  of  distillation  of 
odorous  substances  has  frequently  been  observed  in  recent  years,  and  it 
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has  indeed  been  stated1  that  it  is  probably  never  entirely  absent  in  any 
essential  oil,  although  on  account  of  its  ready  solubility  in  water,  as  well 
as  its  great  volatility,  it  is  mostly  contained  in  the  water  of  the  distillate 
from  which  the  oil  has  been  separated.  It  has,  however,  hitherto  beeii 
assumed  that  the  lower  aliphatic  aldehydes  are  first  produced  in  the  proc- 
ess of  distillation,  and  that  they  do  not  exist  as  such  in  the  plant.2 
Semmler8  has  particularly  noted  that  from  the  standpoint  of  vegetable 
physiology  acetaldehyde  would  gain  in  importance  if  it  could  be  proved 
that  it  occurs  ready  formed  in  the  plant.  Inasmuch  as  the  present  authors 
had  found  that  considerable  amounts  of  acetaldehyde  are  contained  in  the 
distillate  from  ripe  apples,  it  was  deemed  of  special  interest  to  ascertain 
whether  this  compound  could  be  detected  in  the  odorous  emanation  from 
the  fruit,  and  the  experiments  in  this  direction  have  been  completely 
successful. 

In  the  month  of  December  a  quantity  of  sound  red  apples  of  the  variety 
known  as  "Nero"  was  brought  into  a  large  copper  vessel,  provided  with  a 
tightly  fitting  cover  and  a  small  opening  both  at  the  top  and  the  bottom, 
so  that  a  current  of  air  could  be  slowly  aspirated  through  it.  In  this 
experiment  215  apples  were  used,  which  weighed  31.85  kg.  The  air 
which  entered  the  vessel  at  the  top  was  first  passed  through  an  alkaline 
solution  of  potassium  permanganate  and  then  through  cone,  sulfuric  acid. 
At  the  bottom  the  exit  tube  was  first  connected  with  a  small  inclined 
glass  apparatus  consisting  of  a  series  of  bulbs  and  containing  a  saturated 
solution  of  sodium  hydrogen  sulfite.  To  this  bulb  apparatus  an  empty 
gas  washing  bottle  was  attached  and  to  the  latter  a  similar  bottle  con- 
taining a  saturated  solution  of  sodium  hydrogen  sulfite,  the  whole  being 
then  connected  through  an  intervening  empty  flask  with  a  filter  pump, 
by  means  of  which  the  air  was  continuously  drawn  through  the  entire 
system.  This  operation  was  allowed  to  proceed  uninterruptedly  for  7  or 
8  days,  when  the  absorbing  apparatus  was  detached,  and  the  liquid  through 
which  the  air  had  passed  was  then  found  to  possess  a  pleasant  apple-like 
odor.  The  entire  amount  of  sulfite  solution  contained  in  the  bulb  ap- 
paratus and  gas  washing  bottle  was  about  300  cc.  It  was  made  alkaline 
with  sodium  carbonate  and  distilled,  the  first  distillate  of  about  50  cc. 
being  then  again  distilled  and  5  cc.  of  liquid  collected,  the  receptacle 
having  been  cooled  with  ice.  The  concentrated  distillate  so  obtained  had 
the  characteristic  odor  of  acetaldehyde,  immediately  reduced  an  ammonia- 
cal  solution  of  silver  oxide  in  the  cold,  and  gave  within  a  few  seconds  a 
deep  pink  coloration  with  Schiff's  reagent.     It  also  gave  with  dimethyl- 

1  Gildemeister  and  Hoffmann,  "Die  aetherischen  Ode,"  second  edition,  Bd.  II,  p. 
480. 

*Ibid.,  Bd.  I,  p.  422. 

3  Semmler,  "Die  aetherischen  Oele,"  Bd.  I,  p.  568,  1906. 
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amine1  and  sodium  nitroprusside  the  deep  indigo-blue  color  which  is 
characteristic  of  acetaldehyde. 

The  above-described  operation  was  subsequently  conducted  with 
several  other  varieties  of  apples,  which  were  loosely  packed  in  a  large 
conical  glass  percolator,  but  otherwise  the  conditions  were  the  same. 

The  second  experiment  was  made  early  in  January,  and  60  "Paragon" 
apples  were  used,  which  weighed  9.37  kg.  For  the  third  experiment, 
begun  in  the  middle  of  January,  a  green  variety  of  apple  known  as  the 
"Keeper"  was  employed,  and  57  of  them  weighed  9.18  kg.  A  final  experi- 
ment was  made  early  in  February  with  crab  apples,  which  were  of  the  same 
kind  and  quality  as  those  used  for  the  previously  described  chemical 
examination  of  this  fruit.  This  variety  of  apple  being  small  in  size  the 
number  used  was  150,  which  weighed  9.6  kg. 

In  all  the  above-mentioned  experiments  the  aldehyde  was  liberated 
from  its  bisulfite  compound,  and  in  the  subsequent  tests  for  its  identifica- 
tion the  same  decisive  results  were  always  obtained.  The  interesting 
f afct  has  thus  been  established  that  the  odorous  emanations  from  the  apple 
during  its  period  of  vital  activity  contain  acetaldehyde,  and  it  follows  that 
the  occurrence  of  this  compound  in  a  distillate  from  the  fruit  does  not 
depend  upon  any  chemical  changes  in  the  process  of  distillation. 

Summary. 

The  results  of  the  present  investigation,  for  which  several  varieties  of 
apples  were  employed,  may  be  briefly  summarized  as  follows. 

1.  The  odorous  constituents  of  apples  have  been  found  to  consist 
essentially  of  the  amyl  esters  of  formic,  acetic,  and  caproic  acids,  with  a 
very  small  amount  of  the  caprylic  ester  and  a  considerable  proportion  of 
acetaldehyde.  In  considering  the  relative  amounts  of  the  respective 
alcohol  and  acids  it  seems  probable  that  the  latter  are  also  present  to  some 
extent  in  the  free  state. 

2 .  It  has  been  shown  that  acetaldehyde  is  a  product  of  the  vital  activities 
of  the  fruit,  and  that  it  occurs  in  the  exhalations  of  ripe  apples.  This 
observation  is  deemed  of  considerable  biological  importance,  especially 
as  it  has  hitherto  been  assumed  that  the  lower  aliphatic  aldehydes  are 
first  formed  dining  the  process  of  steam  distillation.  It  is,  for  example, 
quite  probable  that  the  exhalation  of  acetaldehyde  may  prove  to  be  one 
erf  the  factors  involved  in  the  production  of  so-called  "apple-scald,"  an 
affection  to  which  some  apples  are  subject  when  stored  without  free 
circulation  of  air.2 

3.  The  aqueous  distillate  from  fresh  apple  parings  has  been  found  to 
1  As  several  works  of  reference  designate  the  4ise  of  trimethylamine  in  the  specific 

test  for  acetaldehyde,  the  fact  may  again  be  noted  that  the  reaction  is  not  obtained  with 
this  reagent,  unless  it  may  by  chance  contain  some  dimethylamine. 

1  Compare  Brooks,  Coolcy  and  Fisher,  /.  Agr.  Res.,  18,  211-240  (1919). 
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contain,  in  addition  to  the  above-mentioned  substances,  exceedingly 
small  amounts  of  methyl  and  ethyl  alcohols  and  also  a  small  amount  of 
furfural.  Inasmuch  as  the  last  compound  is  doubtless  produced  by 
chemical  changes  in  the  material  during  its  distillation,  it  can  not  be  re- 
garded as  one  of  the  odorous  constituents  of  the  apple. 

4.  The  essential  oil,  as  extracted  by  means  of  ether  from  a  concentrated 
distillate  of  either  ordinary  apple  parings  or  those  of  the  crab  apple,  is  at 
ordinary  temperatures  a  yellowish,  somewhat  viscid  liquid,  becoming  much 
darker  on  keeping.  When  slightly  cooled  it  forms  a  concrete  mass,  due  to 
the  separation  of  small  acicular  crystals,  which  consist  of  a  paraffin  hydro- 
carbon. It  possesses  in  a  high  degree  the  characteristic,  fragrant  odor  of 
fresh  apples.  Besides  the  esters  mentioned,  it  has  been  found  to  contain, 
by  specific  tests,  small  amounts  of  acetaldehyde  and  furfural.  The  yield 
of  oil  from  the  parings  of  the  Ben  Davis  apple  was  0.0035%,  and  that 
from  the  more  odorous  crab  apple  0.0043%,  which  corresponds  to  about 
0.0007  and  0.0013%  respectively  of  the  entire  ripe  fruit. 

5.  Although  amyl  valerate  is  generally  designated  in  chemical  literature 
as  "apple  oil,"  it  is  quite  certain  that  this  compound  has  never  been 
identified  as  a  constituent  of  apples,  and  in  the  course  of  this  investigation 
no  evidence  could  be  obtained  of  its  presence.  On  the  other  hand  it  has 
been  shown  that  the  characteristic,  fragrant  odor  of  ripe  apples  is  due  to  a 
mixture  of  the  previously  enumerated  substances,  which  may  exist  in 
varying  proportions  in  the  numerous  varieties  of  the  fruit,  thus  giving  rise 
to  slight  differences  of  odor. 

Washington,  D.  C. 
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Practical  Physiological  Chemistry.  A  Book  Designed  for  Use  in  Courses  in  Practical 
Physiological  Chemistry  in  Schools  of  Medicine  and  of  Science.  6th  edition, 
revised  and  enlarged.  By  Phiup  B.  Hawk,  M.S.,  Ph.D.,  Prof,  of  Physiological 
Chemistry  and  Toxicology  in  the  Jefferson  Medical  College  of  Philadelphia.  P. 
Blakiston's  Son  &  Co.,  Philadelphia,  191 8.  xiv  +  661  pp.,  185  figs,  and  6  plates. 
16  X  24  cm.    $350  net. 

Despite  the  fact  that  the  general  plan  of  this  book  was  adversely  crit- 
icized when  it  first  appeared  more  than  10  years  ago,  it  has  probably 
found  more  widespread  use  as  a  laboratory  manual  and  text  of  physiological 
chemistry  than  any  other  book.  The  reason  for  this  is  not  hard  to  find. 
Although  this  book  contains  more  exercises  and  quantitative  methods 
than  it  would  be  possible  to  utilize  in  an  extended  course  in  physiological 
chemistry,  it  allows  the  instructor  such  a  wide  choice  in  the  selection  of 
the  exercises  he  might  desire  to  employ  as  to  fit  almost  any  need.  As  a 
handbook  of  quantitative  methods  in  physiological  and  pathological 
chemistry  the  book  is  most  valuable,  since  nearly  all  the  methods  which 
the  laboratory  worker  has  occasion  to  use  may  be  found  in  this  handy 
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volume.  The  frequent  editions  have  kept  these  quantitative  procedures 
thoroughly  up  to  date. 

The  present  edition  contains  a  new  chapter  on  acidosis  which  gives  an 
excellent  presentation  of  current  views  and  methods  on  this  subject. 
The  discussion  on  gastric  analysis  is  likewise  most  excellent,  particularly 
of  the  fractional  methods  of  analysis  developed  in  Hawk's  own  laboratory. 
Considering  the  fact  that  the  tube  developed  for  use  in  fractional  gastric 
analysis  is  a  modification  of  a  tube  originally  employed  for  securing  duo- 
denal contents,  it  is  to  be  regretted  that  no  mention  is  made  of  this  latter 
fluid.  The  book  also  contains  a  very  good  chapter  dealing  with  the  com- 
paratively recent  subject  of  chemical  blood  analysis,  although  this  is  not 
quite  as  authoritative  as  the  chapter  on  gastric  analysis. 

The  printing  of  the  more  important  laboratory  procedures  in  bold  faced 
type,  as  in  the  previous  edition,  is  a  great  advantage  to  the  laboratory 
worker.  The  book  is  well  printed  and  is  comparatively  free  from  typo- 
graphical errors.  Victor  C.  Myers. 

A  Glossary  of  the  Mining  and  Mineral  Industry.  By  Albert  H.  Fay,  Mining  Engi- 
neer. Published  as  Bulletin  95  of  the  Bureau  of  Mines,  U.  S.  Department  of  the 
Interior,  1920.  Supplied  by  the  Superintendent  of  Documents,  Government 
Printing  Office,  Washington,  D.  C.     Pp.  754.     15  X  23  cm.    Paper  covers.  $0.75. 

This  Bulletin  is  a  very  successful  attempt  to  supply  a  comparatively 
complete  glossary  of  scientific,  technical  and  popular  words  and  phrases 
used  in  mining  and  the  mineral  industries,  and,  less  completely  in  such 
allied  fields  as  coking,  quarrying,  oil,  geology,  chemistry,  ceramics,  glass 
making,  building  constructon  and  power  plants.  The  number  of  terms 
listed  is  stated  to  be  30,000  and  the  definitions  20,000.  It  contains  in 
addition  to  terms  in  the  English  language  used  in  limited  localities,  "over 
2,000  Latin-American  mining  terms"  and  many  obsolete  words  and 
phrases. 

It  is  distinctly  a  popular  dictionary.  All  extraneous  information  is, 
as  a  rule,  carefully  eliminated,  and  highly  technical  explanations  are 
rigorously  avoided,  as  can  be  seen  by  the  following  typical  examples. 

Air  jig.  An  apparatus  for  separating  ores  without  water,  by  intermittent  puffs 
of  air.    (Lawver). 

Cinta.  1.  (Sp.)  A  surveyor's  tape.  2.  (Mex.)  A  layer  or  band  of  mineral  in 
a  vein.    3.  (Colom.)     Pay  dirt  in  placers.     (Halse.) 

Lid.  1.  (Eng.)  A  flat  piece  of  wood  placed  between  the  end  of  a  prop  or  stempel 
and  the  rock.  (Raymond.)  2.  (Forest  of  Dean.)  The  roof  of  an  ironstone  work- 
ing. (Gresley.)  3.  (Scot.)  The  cover  or  flap  of  a  valve.  (Barrowman.)  4.  A 
cross-beam  on  an  upright  prop.     (Standard.) 

Porcelain  Lace.  A  decorative  material  formed  by  soaking  lace  in  porcelain  slip 
and  firing  it.  The  threads  of  the  fabric  are  consumed,  leaving  the  pattern  in  a  fine 
lace-Kke  porcelamware.     (Standard.) 

Nitrite.    A  salt  of  nitrous  acid.     (Standard.) 

The  language  of  the  definitions  is  simple  and  colloquial  enough  to 
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be  understood  by  the  elementary  student  and  the  untrained  worker, 
and  exact  enough  to  be  valuable  to  the  superintendent  and  the  engineer. 
Very  frequently  the  origin  of  a  term  is  indicated,  information  which 
should  be  invaluable  to  lexicographers  and  etymologists  of  the  future. 
It  is  particularly  interesting  to  note  the  variety  of  terms  which  are  not 
popularly  used  in  the  United  States.  Vocabularies  in  use  in  the  British 
Isles,  Australia,  South  Africa,  and  India  are  fully  represented. 

About  140  books,  journals,  reports,  glossaries  and  other  sources  of 
information  are  cited  as  references,  and  modern  great  dictionaries  have  been 
freely  quoted.  As  a  rule  each  definition  is  preceded  by  the  locality  in 
which  the  word  originated,  where  this  is  known  and  useful,  and  followed 
by  a  reference  to  the  authority,  in  choosing  which  the  compiler  has  exer- 
cised all  necessary  judgment.  A  strict  alphabetical  arrangement  has 
been  followed.  There  is  an  avoidance  of  unnecessary  cross-referencing 
which  is  wholly  praiseworthy. 

The  only  adverse  criticism  to  the  book  which  perhaps  should  be  made 
has  to  do  with  its  completeness.  It  is  undoubtedly  almost  impossible, 
humanly  speaking,  to  produce  a  work  of  this  kind  which  shall  include  all 
of  the  terms  ever  used  in  the  language  and  literature  relating  to  a  chosen 
field,  and  every  compiler  must  draw  an  arbitrary  line  between  the  per- 
tinent terms  which  he  must  include  and  the  irrelevant  words  which  should 
be  omitted.  But  it  seems  to  the  reviewer  that  in  this  glossary  some  sub- 
jects have  been  unwisely  slighted.  A  rather  obvious  example  is  that  of 
metallurgy.  To  test  the  matter,  about  55  terms  were  picked  entirely 
at  random  from  3  standard  text-books  on  metallurgy.  These  terms  were 
then  looked  up  in  the  glossary,  when  it  was  found  that  30  of  the  55  were 
not  defined.  These  30  terms,  however,  included  a  number  relating  to 
metallography,  a  subject  which  might  perhaps  be  assumed  to  be  outside 
of  the  scope  of  the  Glossary,  although  it  would  seem  that  this  subject  is  as 
closely  related  to  the  mining  industries  as  is  pottery,  for  example, 

The  chemistry  of  some  of  the  definitions  is  not  wholly  satisfying,  as  for 
example, 

Oxidation.    A  chemical  union  with  oxygen,  (Raymond); 
and 

Mass  Action.    Chemical  action  as  affected  by  the  masses  of  the  reacting  substances. 
(Webster.) 

Water  is  not  defined  as  a  chemical  substance. 

In  general  the  paper,  printing  and  typography  are  what  one  usually 
finds  in  a  Government  publication.  The  wisdom  of  issuing  a  volume  of 
750  pages  of  thin  paper  with  only  a  paper  cover  seems  doubtful.  A  better 
binding  should  at  least  be  available  for  those  who  might  desire  it.  There 
are  few  typographical  errors,  and  most  of  these  are  of  such  a  nature  as  to 
be  entirely  obvious.  Wnxis  A.  Boughton. 
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The  third  law  of  thermodynamics,  as  stated  by  Nernst,  requires  that 
the  change  in  entropy  accompanying  any  process,  involving  only  solid  and 
liquid  substances,  approaches  zero  as  the  absolute  zero  of  temperature  is 
approached.  Planck1  has  shown,  however,  the  necessity  of  modifying 
this-  statement  when  processes  of  solution  are  concerned.  He  pointed 
out  the  convenience  of  so  choosing  the  arbitrary  zero  of  entropy  that 
the  entropy  of  every  elementary  substance  is  zero  at  the  absolute  zero. 
With  this  convention,  he  states  the  third  law  as  follows:  the  entropy 
of  any  pure  substance  is  zero  at  the  absolute  zero. 

In  a  recent  article,2  by  comparing  the  results  of  equilibrium  measure- 
ments with  those  obtained  from  the  study  of  specific  heats  at  low  tem- 
peratures, we  have  brought  forward  a  good  deal  of  evidence  for  the  validity 
of  the  third  law,  but  the  cases  there  cited  involved  only  pure  crystalline 
substances.  Indeed  there  have  been  no  experiments  published  hitherto 
which  give  any  information  regarding  the  thermal  properties  of  solutions 
1  Planck,  "Thermodynamik,"  3rd  Ed.  1911,  p.  279. 
*  l<cwis  and  Gibson,  This  Journal,  39,  2554  (x9*7)- 
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at  low  temperatures.  There  are,  however,  certain  considerations  of  an 
a  priori  character  which  seem  to  us  to  justify  the  conclusion  that  some  and 
perhaps  all  solutions  are  to  be  excluded  in  the  statement  of  the  third  law. 

When  2  liquids  like  benzene  and  toluene  are  mixed,  they  form  approxi- 
mately what  is  known  as  a  perfect  solution;  that  is,  one  in  which  there  is 
no  heat  of  mixing,  and  in  which  the  vapor  pressures  or  fugacities  obey 
Raoult's  law.  The  increase  in  entropy  in  producing  one  mol  of  the  mixture 
from  the  2  pure  constituents  is  given  by  the  equation 

AS  =  —NtRlnN2  —  NtRlnN*  (1) 

where  N2  is  the  mol  fraction  of  the  first  and  N*  of  the  second  constituent. 
For  an  equimolal  mixture  where  Ni  =  N*  =  0.5, 

AS  =  R  In  2  =  1.4  cal.  per  degree. 
In  such  a  case  as  this  we  find  also  that  the  heat  capacity  of  the  mixture 
is  about  equal  to  the  sum  of  the  heat  capacities  of  the  pure  constituents, 
and,  therefore,  AS  must  be  nearly  independent  of  the  temperature.    For 
we  have  the  thermodynamic  relation 

d(AS)  =  AC, 
dT         T  K } 

where  ACP  is  the  difference  between  the  heat  capacity  of  the  solution 
and  the  heat  capacity  of  the  pure  substances  from  which  it  was  formed. 

If  now  the 'solution  and  the  2  pure  liquids  can  be  cooled  to  very  low 
temperatures  without  crystallization,  as  indeed  can  be  done  with  many 
liquids  owing  to  the  phenomenon  of  supercooling,  then  if  the  solution 
continues  to  behave  as  a  perfect  solution  (that  is  if  ACP  remains  zero), 
AS  will  remain  constant  and  equal  to  R  In  2  down  to  the  absolute  zero. 
However,  we  know  that  many  solutions  which  are  nearly  perfect  at  higher 
temperatures  diverge  in  a  pronounced  manner  from  the  behavior  of  the 
perfect  solution  at  lower  temperatures,  and  it  is  possible  that  at  low  tem- 
peratures the  heat  capacity  of  the  mixture  might  become  greater  than 
that  of  its  pure  constituents,  so  as  to  reduce  AS  to  a  small  value  or  even 
to  zero  at  the  absolute  zero. 

Nevertheless  it  would  seem  hardly  likely  that  this  phenomenon  could 
occur  in  such  a  way  as  to  reduce  AS  to  zero  in  the  limit  for  all  types  of 
solutions.1  Thus  with  a  mixture  of  2  almost  identical  organic  isomers  we 
should  expect  ACP  to  be  nearly  zero,  and,  therefore,  AS  to  be  nearly  con- 
stant over  a  wide  range  of  temperature.  This  reasonable  surmise  becomes 
a  conviction  when  we  consider  the  extreme  case  of  a  mixture  of  two  iso- 
topes.   Here  we  have  substances  which  are  so  nearly  identical  in  prop- 

1  Planck  indeed  assumes  that  for  all  solutions  Equation  1  holds  at  the  absolute 
zero.  There  seems  to  be  no  evidence  at  present  to  support  this  assumption,  and  we 
shall,  therefore,  content  ourselves  with  the  proof  that  AS  in  a  process  of  solution  is 
not  in  general  equal  to  zero  at  the  absolute  zero. 
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erties  that  as  yet  no  way  has  been  found  for  bringing  about  their  separation. 
We  even  find  isotopes  which  have  not  only  the  same  atomic  number  but 
also  the  same  atomic  weight.  It  seems  hardly  conceivable  that  2  such 
isotopes  would  suffer  any  measurable  change  in  heat  capacity  on  mixing, 
and,  therefore,  we  must  conclude  that  in  such  a  case  the  entropy  change  on 
mixing  remains  essentially  constant  down  to  the  absolute  zero.1 

We  may,  therefore,  conclude  that  at  the  absolute  zero  there  is  in  general 
a  difference  in  entropy  between  a  solution  and  the  pure  substances  of 
which  it  is  composed.  In  other  words,  if  we  assign  zero  entropy  to  the 
pure  substances  we  cannot  take  the  entropy  of  the  solution  as  zero. 

The  Entropy  of  Pure  Liquids. 

The  conclusion  we  have  just  reached,  concerning  the  entropy  of  solu- 
tions, immediately  raises  a  doubt  as  to  the  validity  of  the  third  law  when 
applied  to  supercooled  liquids  or  glasses,  even  when  composed  of  a  single 
constituent.  The  distinction  between  a  pure  liquid  and  a  solution  is  in 
some  measure  artificial.  Thus  water  is  probably  composed  of  several 
molecular  species,  including  simple  molecules,  various  types  of  associated 
molecules,  together  with  hydrogen  and  hydroxide  ions.  Yet  water  is 
regarded  as  a  pure  substance,  since  at  ordinary  temperatures  the  establish- 
ment of  equilibrium  between  these  various  types  of  molecules  is  so  rapid 
that  water,  in  the  condition  in  which  we  know  it,  can  be  formed  instantly 
from  a  single  molecular  species.  This  might  not  be  the  case,  however, 
if  we  could  cool  water  to  a  very  low  temperature  where  the  several  molecu- 
lar species  could  behave  as  independent  constituents  of  a  mixture. 

Just  such  a  state  of  affairs  is  known  in  the  case  of  sulfur.  Liquid  sulfur 
at  high  temperatures  has  entirely  reproducible  properties,  but  at  lower 
temperatures  it  behaves  like  a  mixture  of  2  substances,  S*  and  SM,  which 
are  only  slowly  transformable  into  one  another.  By  rapid  cooling,  and 
treatment-  with  carbon  disulfide,  it  is  possible  to  ascertain  the  amounts  of 
the  2  species,  since  one  is  soluble  and  the  other  insoluble  in  this  solvent. 
Insofar  as  the  2  species  are  not  transformed  into  one  another,  they  act  as 
entirely  independent  substances.  Thus  when  crystalline  sulfur  melts  it 
produces  pure  liquid  Sx  and  the  addition  of  S,,  lowers  the  melting  point 

1  In  fact  one  such  solution  has  already  been  thoroughly  investigated.  Ordinary 
lead  is  known  to  be  a  mixture  of  isotopes,  and  yet  its  specific  heat  at  low  temperatures 
follows  quantitatively  the  course  that  would  be  predicted  from  the  behavior  of  other 
metals.  It  is  true,  in  this  case  we  are  dealing  with  a  solid  solution  or  mixed  crystal, 
but  all  that  we  have  said  hitherto  applies  equally  well  to  solid  and  to  liquid  solutions. 
In  order  to  give  an  idea  of  the  numerical  magnitude  of  the  change  in  heat  capacity 
on  the  mixing  of  equivalent  amounts  of  2  isotopes,  which  would  be  necessary  in  order 
to  make  AS  —  o  at  the  absolute  zero,  we  may  point  out  that  in  the  case  of  lead  at  the 
point  where  Cp  -  3  for*  the  average  of  the  pure  isotopes,  Cp  for  the  mixture  would 
have  to  be  3.8  cal.  per  degree. 
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just  as  any  other  solute  would.  Therefore,  if  S*  and  S„  are  mixed  there 
must  be  a  definite  increase  in  entropy. 

This  liquid  mixture  is  readily  supercooled  by  sudden  chilling.  If  we 
should  study  this  material  at  low  temperatures  and  also  pure  Sx  and  S„ 
in  the  supercooled  liquid  state  we  should  undoubtedly  find  at  least  a 
part  of  this  entropy  change  persisting  down  to  the  absolute  zero.  If  then 
we  assign  zero  entropy  to  the  supercooled  Sx  and  S„  we  cannot  assume 
zero  entropy  for  the  mixture.  But  this  mixture  would  ordinarily  be 
classed  as  a  pure  substance,  and  is  in  fact  composed  of  a  single  element. 
These  conditions  which  happen  to  have  been  observed  in  the  case  of 
sulfur  may  exist  in  many  other  liquids  and  glasses. 

Even  if  a  substance  contain  but  a  single  molecular  species,  if  it  is  in  an 
"amorphous"  state  or  in  the  state  of  a  supercooled  liquid,  there  seems  at 
present  no  reason,  theoretical  or  experimental,  which  forces  us  to  believe 
that  such  a  substance  falls  within  the  scope  of  the  third  law. 

A  Restatement  of  the  Third  Law  of  Thermodynamics. 
[  When  we  turn  to  the  consideration  of  crystalline  solids  we  not  only  find 
numerous  cases  in  which  the  third  law  has  been  verified  experimentally, 
but  we  also  see  some  a  priori  reasons  for  the  existence  of  such  a  law,  even 
though  these  reasons  cannot  at  present  be  stated  with  all  the  lucidity 
that  might  be  desired. 

Since  entropy  is  a  quantity  defined  for  the  purpose  of  giving  mathe- 
matical expression  to  the  second  law  of  thermodynamics,  and  since  that 
law,  from  the  standpoint  of  statistical  mechanics,  is  essentially  a  conse- 
quence of  the  law  of  probability,  it  is  natural  to  look  for  a  relation  between 
the  entropy  of  a  substance  in  a  given  state  and  the  probability  of  the 
particular  arrangement  of  molecules  which  determines  that  state.  Essays 
in  this  direction  by  Boltzmann  and  more  recently  by  Planck,  important 
and  suggestive  as  they  have  been,  have  not  sufficed  to  show  just  what  this 
relationship  is.  Nevertheless,  it  seems  to  us  that  if  the  entropy  of  a  given 
state  be  regarded  as  in  some  sense  a  measure  of  the  randomness  of  that 
state,  the  condition  of  a  perfect  crystal  of  a  pure  substance  at  the  absolute 
zero  is  unique.  In  a  solution  there  is  a  random  distribution  of  several 
types  of  molecules.  Even  in  a  pure  liquid  or  glass  there  is  some  random- 
ness of  arrangement.  In  any  substance  at  a  finite  temperature  there  is  a 
random  distribution  of  energy  among  the  individual  molecules.  But  in 
the  pure  crystal  at  the  absolute  zero  no  randomness  remains,  for  when  the 
positions  and  the  properties  of  a  few  molecules  are  fixed,  the  positions  and 
properties  of  all  other  molecules  are  completely  determined;  thus  when 
a  few  elements  of  the  crystalline  structure  are  known  we  may  build  up 
the  whole  crystal  by  a  process  of  repetition. 

It  is  this  lack  of  any  sort  of  randomness  that  we  believe  to  be  the  theoreti- 
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cal  basis  for  the  conclusion  that  the  entropy  of  a  perfect  crystal  of  a  pure 
substance  vanishes  at  the  absolute  zero. 

We,  therefore,  state  the  third  law  of  thermodynamics  as  follows:  if  the 
entropy  of  each  element  in  some  crystalline  form  be  taken  as  zero  at  the  ab- 
solute zero,  the  entropy  of  any  pure  crystal  at  the  absolute  zero  is  zero,  and 
the  entropy  of  any  other  substance  is  greater  than  zero. 

It  seems  likely,  however,  that  the  difference  between  the  entropy  of  a 
pure  substance  in  a  crystalline  state  and  in  an  amorphous  state  may, 
in  many  cases,  prove  to  be  very  small. 
Bmmiy,  Cau». 


[Contribution  from  thb  Chbmicai,  Laboratory  of  tbb  University  of 

California.] 
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The  third  law  of  thermodynamics,  which  states  that  the  entropy  of  all 
pure  crystalline  substances  at  zero  absolute  temperature  is  zero,1  offers  a 
ready  method  for  the  determination  of  the  free  energy  of  compounds  which 
cannot  conveniently  be  investigated  by  determination  of  equilibrium 
or  electromotive  force.  This  is  in  general  true  of  organic  compounds. 
If  the  specific  heats  of  a  compound  and  of  its  elements  at  various  tempera- 
tures are  known,  AS,  the  entropy  of  formation  of  the  compound  from  its 
elements  may  be  calculated.  It  is  necessary  then  to  know  only  the  heat 
of  formation  AH  in  order  to  obtain  the  free  energy  AF  from  the  relationship 

AF-  AH—  TAS  (1) 

The  only  organic  compounds  for  which  specific  heat  measurements  at 
low  temperatures  have  been  made  are  benzene  and  oxalic  add,  investigated 
by  Nernst.*  Calculation  of  the  free  energy  of  these  compounds  by  the 
method  indicated  above,  offers  no  check  on  the  validity  of  the  Third  Law, 
since  the  free  energies  of  these  compounds  have  not  been  determined  by 
other  methods.  Prom  the  equilibrium  between  water,  carbon  monoxide 
and  formic  acid,  Branch1  has  calculated  the  free  energy  of  formation  of 
formic  acid  from  its  elements  to  be 

AF«s  =■  — 85,200  cal. 
From  the  work  of  Lewis  and  Burrows4  on  the  equilibrium  between  am* 

1  The  exact  statement  of  the  third  law  has  been  discussed  in  the  preceding  paper 
by  Lewis  and  Gibson. 

1  Nernst,  Ann.  Physik,  [4]  36,  395  (191 1). 

*  Branch,  This  Journal,  37*  2316  (1915). 

4  Lewis  and  Burrows,  ibid.,  34, 1575  (1912). 
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monia,  carbon  dioxide,  water  and  urea  the  free  energy  of  formation  of 
urea  may  be  calculated  to  be 

AF298  =  — 48*992  cal. 
The  object  of  this  investigation,  then,  is  to  determine  the  specific  heat  of 
formic  acid  and  urea  over  the  range  of  temperature  from  the  boiling  point 
of  liquid  air  to  25  °,  and  to  compare  the  free  energy  calculated  from  these 
measurements  with  the  values  given  above. 

Experimental. 

In  principle  the  method  of  Eucken  and  Nernst1  was  employed  in  the 
measurements  of  the  specific  heats.  A  measured  amount  of  heat  was 
supplied  by  an  electric  current  to  the  substance  contained  in  a  copper 
calorimeter,  which  was  suspended  in  a  vaccum  in  a  silvered  glass  tube 
in  order  to  diminish  the  conduction  and  radiation  of  heat  to  and  from  the 
surroundings.  A  thermocouple  in  the  center  of  the  calorimeter  measured 
the  rise  in  temperature. 

The  Calorimeter.— The  poor  thermal  conductivity  of  the  substances 
dealt  with  necessitated  a  calorimeter  which  gave  uniform  heating  and 
rapid  distribution  of  heat.  After  experimenting  with  several  types  of 
copper  and  glass  calorimeters,  a  cylindrical  copper  calorimeter,  of  approxi- 
mately 3.8  cm.  diameter  and  1 1.5  cm.  length,  with  walls  0.05  cm.  thick,  was 
adopted.  A  heating  coil  of  silk-wound  Therlo  wire,  of  90  ohms  resistance, 
was  wound  on  a  thin  copper  cylinder  (2.2  X  10  cm.)  which  slipped  through 
a  circular  slit  in  the  bottom  of  the  calorimeter,  and  fitted  tightly  in  the 
annular  space  between  2  thin  concentric  copper  cylinders,  the  upper  ends 
of  which  were  soldered  together,  while  their  lower  ends  were  soldered  to 
the  edges  of  the  circular  slit  in  the  bottom  of  the  calorimeter.  Heat  could 
thus  be  supplied  from  the  inside  of  the  calorimeter  without  the  troublesome 
sealing  of  insulated  copper  wires  through  copper  walls,  and  with  the  added 
advantage  of  being  able  to  slip  the  heating  coil  in  and  out.  Copper  vanes 
running  from  the  sheath  enclosing  the  heating  coil  gave  rapid  distribu- 
tion of  the  heat  throughout  the  calorimeter.  The  thermocouple  was 
inserted  through  a  small  vertical  copper  tube  6  cm.  long  which  was  sol- 
dered through  the  center  of  the  top  of  the  calorimeter.  The  calorimeter 
was  filled  through  an  opening  in  the  top  which  was  then  closed  by  means 
of  solder.  Hydrogen  was  introduced  with  the  substance  to  aid  in  thermal 
distribution,  and  all  joints  were  made  gas-tight.  The  weight  of  the  calori- 
meter varied  from  73  to  97  g.,  and  its  heat  capacity  from  15  to  20%  of  that 
of  the  substance  under  investigation. 

Heat  Insulation. — While  the  method  of  heat  insulation  was  essentially 
that  employed  by  Eastman  and  Rodebush2  of  this  laboratory,  it  differed 
1  Nernst,  Ann.  Physik,  [4]  36,  395  (191 1). 
*  Eastman  and  Rodebush,  This  Journal,  40,  489  (19 18). 
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somewhat  in  detail.  The  calorimeter  was  suspended  by  a  silk  thread 
from  a  lead  block  in  the  lower  portion  of  a  silvered  tube,  approximately 
5.5  X  70  cm.  The  block  was  supported  by  a  constriction  in  the  tube, 
and  its  under  and  upper  sides  covered  with  a  polished  copper  sheet.  A 
few  centimeters  above  the  block  a  copper  baffle  was  sprung  into  place, 
to  cut  down  radiation  to  the  block  from  above.  The  silvered  tube  ex- 
tended to  the  bottom  of  a  long  Dewar  vessel  which  was  filled  with  the 
cooling  mixture  to  well  above  the  copper  baffle.  Radiation  was  further 
decreased  by  surrounding  the  calorimeter  by  a  screen  of  thin  polished 
copper  foil  insulated  by  fine  glass  points.  Although  some  conduction  of 
heat  along  the  thermocouple  and  fine  heating  wires  was  unavoidable, 
this  effect  was  reduced  to  a  minimum  by  bringing  the  bundle  of  8  insulated 
wires  into  good  thermal  contact  with  the  lead  block,  and  winding  in 
helical  form  the  portion,  over  10  cm.  long,  between  the  block  and  the 
calorimeter.  The  Kraus1  arrangement  of  double  mercury  vapor  pumps, 
supported  by  a  small  oil  pump,  gave  the  necessary  high  vacuum.  The 
connection  between  the  top  of  the  silvered  tube  and  the  vacuum  line  was 
made  either  by  a  large  ground  glass  joint  or  a  seal  of  de  Khotinsky  cement. 
The  character  of  the  electrical  discharge  produced  in  the  tube  by  a  small 
spark  coil  indicated  the  quality  of  the  vacuum. 

Measurements. — Heat  was  supplied  to  the  calorimeter  by  means  of 
an  electric  current  from  a  battery  of  14  Edison  cells.  The  fall  in  potential 
across  the  terminals  of  the  heating  coil  could  be  measured  with  an  ac- 
curacy of  at  least  0.1%  by  means  of  a  calibrated  voltmeter.  The  current 
of  0.13  to  0.15  ampere  was  measured  by  a  Leeds  and  Northrup  potentio- 
meter and  a  standard  ohm.  In  runs  above  1500  K.  the  current  was  re- 
markably steady,  but  below  this  temperature  there  was  a  uniform  de- 
crease in  current  during  each  run,  owing  to  the  change  in  resistance  of  the 
fine  copper  leads  during  heating.  This  variation,  about  0.5%  in  magni- 
tude, was  corrected  for  by  averaging  the  readings  taken  at  intervals  of  30 
seconds.  As  the  voltmeter  was  in  parallel  with  the  heating  coil  in  the 
calorimeter,  it  was  also  necessary  to  correct  for  the  current  passing  through 
the  voltmeter.  It  is  believed  that  the  error  in  the  final  value  for  the  cur- 
rent through  the  heating  coil  was  never  more  than  0.1%.  The  time  for 
heating  was  300  to  600  seconds,  and  this  interval  was  measured  with  a 
stop-watch  with  an  accuracy  of  0.1%  or  better.  Thus  the  maximum  error 
in  the  amount  of  heat  delivered  to  the  calorimeter  during  any  run  should 
not  exceed  0.3%;  the  average  error  was  probably  much  less. 

For  the  temperature  measurements  a  single  element  copper-constantan 
thermocouple,  calibrated  from  the  4-element  couple  of  Eastman  and 
Rodebush,2  was  used.    Measurements  of  its  e.  m.  f.  were  made  with  a 

1  Kraus,  This  Journal,  39t  2183  (1917)- 

2  Eastman  and  Rodebush,  ibid.,  40,  489  (191 8). 
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modified  White  potentiometer1  by  which  temperature  differences  could 
be  measured  accurately  to  0.001  °  at  273  °  K.  and  0.0030  at  100  °  K.  The 
increase  in  temperature  during  a  run  was  from  3  °  to  6  p.  The  temperature, 
7,  and  the  rate  of  change  of  e.  m.  f.  with  change  of  temperature,  dE/d7\ 
were  obtained  from  curves  plotted  for  values  calculated  from  the  equation 
of  Eastman  and  Rodebush: 

E  «  1/426,840  —  0.74097  r1-817  — 17.45  T. 

Experimental  Procedure. — The  substances  studied  were  extremely 
poor  conductors  of  heat  Owing  to  this  fact  it  was  found  that  after  each 
addition  of  heat  to  the  contents  of  the  calorimeter  a  period  of  40  to  50 
minutes  elapsed  before  thermal  equilibrium  was  complete.  At  the  end 
of  this  time  the  temperature  of  the  calorimeter  became  constant,  provided 
that  the  difference  between  the  calorimeter  and  its  surroundings  was  not 
greater  than  5 °  or  6°  at  90°  K.,  or  than  0.5  °  at  270°  K.  Otherwise  there 
existed  a  heating  or  cooling  rate,  the  magnitude  of  which  depended  upon 
this  temperature  difference  and  upon  the  absolute  temperature  of  the  bath. 
In  order  to  arrive  at  an  accurate  value  for  this  rate,  measurements  of  the 
temperature  of  the  calorimeter  were  continued  at  minute  intervals  for 
70  to  90  minutes  after  the  cessation  of  the  heating  current.  With  these 
data  a  correction  for  the  heating  or  cooling  of  the  calorimeter  during  the 
period  of  the  run  was  made,  and  the  true  temperature  rise  in  the  calori- 
meter, due  to  the  heat  added,  could  be  computed  within  at  least 
1%.  In  about  Ve  of  the  runs  the  final  temperature  was  constant. 
In  general  the  correction  averaged  3  or  4%  of  the  total  increase,  although 
in  a  few  cases  it  rose  as  high  as  8  or  10%. 

Clearly,  if  the  correction  for  temperature  difference  during  a  run  is  so 
large,  it  becomes  very  important  to  maintain  the  surroundings  at  a  fairly 
constant  temperature  which  does  not  differ  very  much  from  that  of  the 
calorimeter  itself.  After  considerable  experimentation  it  was  found  that 
by  regulating  the  amount  of  liquid  air  in  the  long  Dewar  tube  successful 
runs  could  be  made  with  liquid  air  as  a  cooling  agent  between  85°  and 
1 40°  K.  By  boiling  liquid  air  under  reduced  pressure,  a  bath  temperature 
of  about  71  °  to  75  Q  K.  could  be  obtained  and  maintained  for  several  hours. 
Temperatures  between  170°  and  250°  K.  could  be  obtained  easily  by 
means  of  a  mixture  of  solid  carbon  dioxide  and  acetone,  while  a  mixture 
of  ice  and  salt  proved  suitable  between  255°  K.  and  room  temperature. 

Pure  forniic  acid  and  urea  purchased  in  the  open  market  were  used. 
Without  further  purification  of  the  formic  acid  its  specific  heat  was  found 
to  rise  abnormally  with  temperature  in  the  interval  beginning  18 p  below 
the  melting  point.  Following  Schlesinger,*  the  acid  was  twice  distilled 
over  boron  sesquioxide  at  20°  C.  and  6  mm.  pressure  in  a  glass  apparatus 
1  Randall,  Bichowsky  and  Rodebush,  This  Journal,  38,  1266  (19 16). 
*  Schlesinger  and  Coleman,  ibid.,  38,  271  (19x6). 
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free  from  rubber  connections,  and  then  twice  recrystallized  in  vacuo. 
Even  when  so  purified  the  specific  heat  was  found  to  be  abnormally  high, 
a  few  degrees  below  the  freezing  point. 

Specific  Heats. 
Tablk  I. — Formic  Acid. 


Temperature. 

°K. 

Cpptr  g. 

Cp  per  g.  atom. 

71   O 

O.I57 

1  45 

73  3 

0.163 

1  50 

76  6 

0.163 

1   50 

777 

O.165 

1   52 

82.0 

O.168 

1-55 

86  0 

O  174 

1.60 

89.0 

O.174 

1 .60 

90.0 

0  179 

1.66 

90  3 

0.182 

1.68 

94  O 

0.188 

I   73 

1763 

0.270 

2 .  48 

180.0 

0.273 

2    51 

1845 

0.282 

259 

196.0 

0.292 

2.69 

205  .0 

0  297 

2   73 

237  -o 

0.328 

3  02 

243.2 

0.3.V) 

3   12 

248.0 

0  348 

3 

20 

*5<>.5 

0344 

3 

17 

253  -o 

0352 

3 

24 

257  0 

0353 

3 

25 

270.0 

0.372 

3 

42 

275  0 

0  459 

4 

22 

286.0 

0.506  (liquid) 

4 

66  (liquid) 

288.0 

0.517  (liquid) 

4 

77  (liquid) 

291  5 

0.510  (liquid) 

4 

69  (liquid) 

Experimental  Results. — The  results  of  the  measurements  made  are 
shown  in  Tables  I  and  II.  As  a  typical  example  of  the  way  in  which  the 
values  given  were  obtained,  the  data  for  one  of  the  runs  with  formic  acid 
are  given  in  detail. 

Voltage  at  terminals  of  heating  coil,  12 .  66  volts. 

Current,  o.  11 77  ampere. 

Time,  310.4  seconds. 

Total  beat  supplied,  12.66  X0.1177  X  310  4  X  o  2391   =112  09  cal. 

Initial  potentiometer  reading 57^6 .  88  microvolts. 

Final  potentiometer  reading 5696  00  microvolts. 

Difference 90  88  microvolts. 

Average  Tt  corresponding  to  average  potentiometer  reading,  82 °  K. 

dE 
Corresponding  -— ,  17  97  microvolts. 
di 


Heat  capacity  of  calorimeter,  at  82  °  K.  3  76  cal. 


Heat  supplied  to  calorimeter . 


90.88 
3.76  X »  19.00  cal. 


17  97 
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Heat  supplied  to  formic  acid 1 12 .09  —  19.00  —  93.00  eal. 

Weight  of  formic  acid 109  66  g. 

C9  of  formic  acid  per  g -2^?  X  lJ^l  -  0.168  cal./<fef. 

109.66      90.88 

Cp  per  mol 7  73  cal./deg. 

CP  per  mean  gram  atom 1.546  cal./deg. 

The  heat  capacity  of  the  calorimeter,  as  determined  experimentally, 
was  on  the  average  2%  higher  than  that  calculated  for  the  same  mass  of 
pure  copper  from  the  values  given  by  Nemst  and  Lindemann.1 

Table  II.— Urba. 

Temperature. 

*  K.  Cp  per  f.  Cp  per  f .  ftton. 

86.4  0.239  1-79 
90.0  0.235  I.76 
90.0  0.244  I.83 
90.?  0.243  I.82 

96.5  0.252  1  89 
97  0  0244  183 

104.0  0.249  I  87 
107.5                                 O.259                                   I.94 

128.1  0.285  2.13 

198.5  0  343  257 

199.6  0.340  2.55 
201.4  0.338  2.54 

204.7  0.345  2  59 
204.7  0.346  259 

208.2  0.344  2.58 
223.9  0.377  2.83 

244.2  0.382  2.87 
274.0  O.428  3.21 
2750  0.425  3.19 
2775  0.430  3." 
295  5  O.463  3.47 
298.0  0.459  3  44 

300.3  0.460  345 

The  specific  heats  of  liquid  formic  acid  agree  with  the  following  values 
given  by  Landolt  and  B6rnstein:  180  to  56 °,  0.522  cal.;  57 °,  0.515  cal.; 
17  °  to  82  °,  0.532  cal.  per  degree  per  g.  In  the  value  given  for  the  solid, 
formic  add  seems  to  have  been  confused  with  lauric  add.  The  value 
0.321  cal.  for  urea  is  certainly  in  error. 

Calculation  of  Entropy  and  Free  Energy. 
Formic  Acid. — Assuming  the  entropy  at  absolute  zero  to  be  zero,  the 
entropy  at  298  °  K.  is  given  by  the  equation 


S 


2»8 


r* 


Thus  for  formic  add  we  may  write 

1  Nernst  and  Lindemann,  Z.  tUeklrachem.,  17,  817  (191 1). 
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J281-3  CP  (solid)  dT       AH  fusion        f298  C,  (liquid)  dT  ,  . 
o  f  "*"         281.5  •/  281.5  f  '  U' 

The  values  of  the  integrals  may  readily  be  obtained  by  plotting  Cp  as 
ordinates  against  In  T  as  abscissas,  the  entropy  then  being  the  area  under 
the  curve.  If ,  as  in  the  present  case,  the  curve  is  not  known  at  lower 
temperature,  some  interpolation  formula  must  be  used.  It  has  been 
shown  from  existing  data  for  many  substances  which  crystallize  in  the 
regular  system  that 

c9=f(T/e\  (5) 

where  T  is  the  absolute  temperature,  6  is  a  characteristic  constant  for 
each  substance  and  /  is  the  same  function  for  different  substances. 
Likewise,  Lewis  and  Gibson1  suggest  for  all  other  solids 

c.-f<r/r),  (6) 

where  /  is  the  same  function  as  before,  and  n  is  less  than  unity. 

The  latter  formula  agrees  well  with  the  values  for  formic  acid  and  has 
been  employed  in  the  entropy  calculations.  To  obtain  the  values  of 
C9,  corresponding  to  the  experimental  Cp,  use  is  made  of  the  thermodynamic 
equation 

CP-C,  =  TpVfoi&a  (7) 

where  v  is  the  molecular  volume  and  a  and  fi  are  respectively  the  coeffi- 
cients of  cubical  compressibility  and  thermal  expansion.  Although 
a  and  fi  have  not  been  determined  for  solid  formic  acid,  a  good  estimate 
may  be  obtained  by  comparing  values  of  similar  substances.  Cp  —  C, 
is  thus  calculated  to  be  0.4  cal.  per  atom  at  270  °  K.  from  the  estimated 
values  fi  =  7.0  X  io~4  and  a  =  30  X  io~6.  The  difference  at  71  °  K. 
may  be  obtained  from  the  equation  of  Lindemann  and  Magnus,2 

Cp  —  C9-  atf\  (8) 

to  be  0.05  cal.  per  atom. 

For  a  detailed  description  of  the  method  of  calculating  entropies  from 
Equation  6,  reference  is  made  to  the  paper  of  Lewis  and  Gibson.3  Adopt- 
ing their  notation  we  obtain  for  solid  formic  acid 

n  «■  0.350        B  =  270        log  28i.5/0/  =  0.0063 

5t28i.s  =  4-72  Per  atom. 
Adding  the  value  of  Sp  —  Sv  *»  0.14,  which  was  obtained  from  the  area 
between  the  Cp  and  Cv  curves,  we  have  5*28i.s  =  4-86  per  atom  or 
24.30  per  mol.    For  the  heat  of  fusion  we  shall  adopt  BerthelotV  value, 
2420  cal.  at  28 1. 50  K.    The  corresponding  entropy  of  fusion  is  8.60. 

1  Lewis  and  Gibson,  This  Journal,  39,  2555  (191 7). 
*  Lindemann  and  Magnus,  Z.  Elektrochem.,  16,  269  (1910). 
1  Lewis  and  Gibson,  loc.  tit. 
«  Compt.  rend.,  78,  716  (1874). 
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Taking  4.72  as  the  mean  specific  heat  per  atom  of  liquid  formic  acid,  we 
obtain  for  the  liquid 

AS  =  (log  298  —  log  281.5)  X  472  X  2.3  X  5  =  x-30 
and 

5Mg  liquid  =  24.30  +  8.60  +  1.30  =  34.2 
Thomsen1  obtained  for  the  heat  of  combustion  of  formic  acid  69,400  cal. 
calculated  for  the  vapor  at  18  °  C.  Figuring  the  heat  of  vaporization  at 
180  to  be  6300  cal.  the  heat  of  combustion  of  the  liquid  becomes  63,100  cal. 
Berthelot*  gives  61,700  cal.  Although  the  difference,  1400  cal.,  leads  to 
some  uncertainty,  we  shall  accept  the  mean  value  62,400  cal.  For  the 
heat  content  of  the  products  of  combustion  we  shall  use  the  values 

H2O  =  68,275  cal.8  and  C(V  =  941250  cal. 
Then  for  the  reaction 

H,  +  02  +  C  -  HCOOH  (1)  (1) 

A//i»8  =  — 100, 100  cal. 
For  the  entropies  of  hydrogen,  oxygen  and  carbon,  Lewis  and  Gibson5 
have  calculated  15.9  =*=  1,  24.1   ±  1  and  1.3,  respectively. 
ASM8  =  34-2  —  31-8  —  4*-2  —  1.3  =  —  47.1. 
Hence  AF2M  =  — 100.100  +  298  X  47.1  =  — 86.070  cal.,  a  difference  of 
870  cal.  from  the  value  obtained  by  Branch*  by  means  of  equilibria  mea- 
surement. 

Since  5m  for  water  (16.8),  and  carbon  monoxide  (45.55),  are  also  given 
by  Lewis  and  Gibson,  we  may  calculate  AFm  for  the  reaction 

HjO  +  CO  -  HCOOH. 
Using  the  value  for  heat  of  formation7  of  carbon  monoxide  as — 26,140 
cal.  and  water  as  given  above, 

AZ/aw  =  100,100  —  ( — 68,275  —  26,140)  =  — 5685  cal. 
ASm  =  34.2  —  16.8  —  45.55  =  —28.15 
AF2W  =  —5685  +  298  X  28.15  =  2705  cal., 
a  difference  of  1275  cal.  from  the  value  obtained  by  Branch. 

Considering  the  uncertainty  of  the  heats  of  combustion  and  some  of  the 
values  used  in  calculating  the  entropies  of  the  elements,  the  agreement  of 
the  free  energies  obtained  by  the  2  different  methods  is  very  satisfactory 
and  certainly  well  within  the  experimental  error.     If,  in  place  of  the  mean 

1  Thomsen,  "Thermochemistry."    Longmans,  Green  and  Co.,  1908,  p.  373. 

*  Berthelot,  Ann.  chitn.  phys.,  [6]  28,  126  (1893). 

*  Lewis  and  Randall,  This  Journal,  36,  1969  (191 4). 
4  Lewis  and  Randall,  ibid.,  37,  488  (191 5). 

6  Lewis  and  Gibson,  loc.  cit. 

*  Branch,  loc.  cit. 

7  Lewis  and  Randall,  This  Journal,  37,  458  (191 5). 
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value  for  the  heat  of  combustion,  we  had  taken  Thomsen's  value,  63,100 
cal.,  we  find  for  the  formation  from  the  elements 

AF°m  =  —85,370  cal., 
a  difference  of  170  cal.  from  Branch,  and  for  the  formation  from  water 
and  carbon  monoxide 

AF°»98  -  3415  cal., 
a  difference  of  575  cal. 

Urea. — The  Cp  curve  for  urea  is  flatter  than  that  for  formic  acid 
and  hence  a  greater  portion  of  its  entropy  lies  below  liquid  air  temperatures. 
For  this  reason  experimental  errors  in  Cp  and  doubtful  approximations 
in  the  value  of  Cp  —  C9  lead  to  rather  large  uncertainties  in  the  entropy 


2400      2800 
T°K — > 
Fig.  1. — Specific  heat  of  formic  acid  and  urea  (per  gram  atom). 

as  calculated  by  the  "n  formula."  It  is  hoped  that  these  uncertainties 
may  shortly  be  cleared  up  by  measurements  at  liquid  hydrogen  tempera- 
tures. From  the  data  given  in  Table  II  we  calculate  Sm  =  41.0  =*  2 
entropy  units,  using 

*  -  o-345  *  =  245. 

The  Lewis  and  Gibson  values  for  the  entropies  of  the  elements  of  urea  are: 

C,  1.3;  O,  24.1  =*=  1 ;  N,  22.8  =t  1 ;  H,  15.9  =*=  1.    Thus  for  the  reaction 

C  +  0.5O,  +  N«  +  2H,  =  CON2H4(s) 

AS«8  =  410—  (1.3  +  24.1  +  45.6  +  63.6)  =  —93-6  =*=  9. 
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For  the  heat  of  combustion  of  urea  Berthelot1  gives  151,600  cal.  and 
Stohmann2  152,300  cal.  The  deviation  from  its  mean  value  151,950  is 
350  cal.  Using  the  values  for  the  heats  of  formation  of  water  and  carbon 
dioxide  given  above,  the  heat  of  formation  of  urea  from  its  elements  is 

A#*9t  -  i5i»95o  —  2  X  68,275  —  94,250  -  —78,850  cal., 
and  the  free  energy  of  formation  of  urea  from  its  elements  is 

AF*»8  =  —78,850  +  298  X  93-6  -  —50,960  *  3350  cal. 
Lewis  and  Burrows3  found  from  measurements  of  equilibrium  for  the 
reaction 

2NHa(g)  +  COa(g)  -  CON2H4(s)  +  H,0(i);  AF  -  —1772  cal. 
This  gives  for  the  free  energy  of  formation  of  urea  from  its  elements 

AFm  =  —48,992  cal., 
using  for  the  free  energy  of  formation  of  NHa(g),  COj(g)  and  H*0(l)  the 
respective  values — 4740  cal.,  — 94,360  cal.  and  — 56,620  cal. 

Summary. 
The  specific  heats  of  formic  acid  and  urea  have  been  measured  over  the 
temperature  range  75  °  K.  to  298  °  K.,  and  their  entropies  and  free  energies 
have  been  calculated. 

The  values  for  the  free  energies  agree  within  the  experimental  error  with 
values  calculated  from  equilibrium  data.  A  check  upon  the  validity  of 
the  third  law  of  thermodynamics  as  applied  to  organic  compounds  has 
thus  been  obtained. 

BSftXSLSY.  CAUV. 


[Contribution  prom  thb  Chbmicai,  Laboratory  of  the  University  of 
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ENTROPY  CHANGES  AT  LOW  TEMPERATURES-    H.  ETHYL  AND 
PROPYL  ALCOHOLS  AND  THEIR  EQUAL  MOLAL  MIXTURE. 

By  G.  £.  Gibson,  G  S.  Parks  and  W.  M.  Latimer. 

Received  April  9,  1920. 

In  a  previous  paper4  Lewis  and  Gibson  have  discussed  the  applicability 
of  the  third  law  of  thermodynamics  to  processes  of  solution.  They  con- 
clude that  the  entropy  of  a  solution  should  always  exceed  at  the  absolute 
zero  the  sum  of  the  entropies  of  the  pure  crystalline  constituents.  They 
also  suggest  that  the  transition  from  a  pure  crystalline  substance  to  the 
same  substance  in  the  form  of  glass  may  be  accompanied  by  an  increase 
in  entropy.  The  object  of  the  present  investigation  is  to  obtain  addi- 
tional experimental  data  suitable  for  testing  these  conclusions. 
1  Berthelot  and  Petit,  Ann.  chim.  phys.,  [6]  20,  113  (1889). 

*  Stohmann  and  Langbein,  J.  prakt.  Chem.,  44,  380  (1891). 

•  Lewis  and  Burrows,  This  Journal,  34,  993  (19 12). 
4  Lewis  and  Gibson,  ibid.,  42,  1529  (1920). 
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Ethyl  alcohol  and  propyl  alcohol  were  selected  for  this  purpose  because 
they  both  supercool  readily  to  form  glasses.  Moreover,  due  to  their  dose 
chemical  relationship,  they  are  very  similar  as  regards  internal  pressure 
and  dielectric  constant,  and  for  this  reason  a  mixture  of  these  2  liquids  may 
be  assumed  to  conform  to  Raoult's  law  with  fair  exactness.1  Hence,  for 
the  process  of  mixing  l/i  mol.  of  ethyl  alcohol  with  Y*  mol.  of  propyl 
alcohol  to  produce  one  mol.  of  mixture,  the  entropy  change  is  approximately 
AStw  «  /?  /«  2  «  +I-37  cal.  per  degree  abs. 

The  question  then  is  whether  this  positive  entropy  change  persists 
down  to  the  absolute  zero  in  accordance  with  the  argument  of  Lewis  and 
Gibson,  or  whether  it  decreases  with  decrease  of  temperature  and  becomes 
zero  in  the  limit.  It  was  impossible  for  us  to  follow  experimentally  the 
behavior  of  the  substances  Concerned  down  very  near  to  the  absolute  zero, 
but  it  is  exceedingly  probable  that  between  room  temperature  and  the 
boiling  point  of  liquid  air  any  tendency  toward  change  in  the  magnitude 
of  the  quantity  AS  for  the  process  under  consideration  would  become 
manifest.  The  specific  heats  of  pure  ethyl  alcohol,  pure  propyl  alcohol, 
and  of  the  equimolal  mixture  (all  in  the  liquid  or  vitreous  condition) 
were,  therefore,  determined  over  the  above  range  of  temperature,  and 
from  these  data  the  entropy  changes  in  question  have  been  calculated. 

In  the  course  of  the  experiments  it  was  found  that  pure  ethyl  alcohol 
crystallized  very  readily.  The  heat  of  fusion  and  the  specific  heats  of  the 
crystalline  form  were,  therefore,  also  determined.  From  these  data  the 
entropy  change  for  the  transition  from  the  crystalline  to  the  vitreous 
form  has  been  calculated. 

Applying  the  third  law  of  thermodynamics  to  the  same  data,  together 
with  the  heat  of  formation  of  ethyl  alcohol,  the  free  energy  of  formation  at 
25  °  C  has  been  calculated. 

Experimental. 

The  experimental  procedure  was  essentially  the  same  as  that  employed 
in  the  investigation  of  the  specific  heats  of  formic  acid  and  urea,  and  has 
been  discussed  in  the  preceding  paper. 

The  ethyl  alcohol  and  propyl  alcohol  used  were  pure  commercial  prod- 
ucts. They  gave  no  test  for  aldehydes.  The  ethyl  alcohol  as  taken  from 
the  bottle  had  a  specific  gravity  corresponding  to  99.6%  and  was  used  in 
determining  the  heat  of  fusion,  the  specific  heats  of  the  glass,  and  the 
specific  heats  of  the  crystalline  form  between  1200  and  1450  K.  A  sample 
of  this  alcohol  was  distilled  over  metallic  sodium  and  used  for  the  determi- 
nation of  the  specific  heats  of  the  crystalline  form  from  88°  to  1150  K, 
and  of  the  liquid  at  and  above  1950  K.  The  propyl  alcohol  had  a  mean 
1  As  a  matter  of  fact,  Bose  in  his  measurements  finds  that  AH  for  the  above  pro- 
cess is  — 3.8  cal.  at  273.40  K.  and  — 6.9  cal.  at  294.60  K.  This  small  heat  of  mixing 
would  indicate  that  no  great  error  is  made  in  the  above  assumption  that  the  mixture 
conforms  to  Raoult's  law  and  that  Aff  —  o.     Bose,  CoUingen  Gcs.  Nachr.  1906,  333. 
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boiling  temperature  of  97  °  C.  with  a  boiling  range  of  approximately  1  °.  This 
liquid  was  fractionally  distilled  over  anhydrous  potassium  carbonate,  and 
the  middle  portion,  about  l/%  of  the  total,  was  used  for  these  determinations. 
It  is  believed  that  the  error  in  most  of  the  results  which  follow  does  not 
exceed  1%,  or  at  most  1.5%.  The  region  where  the  values  are  least  con- 
cordant is  in  the  range  from  ioo°  to  1250  K.  in  the  cases  of  the  propyl 
alcohol  and  mixed  alcohol  glasses.  At  these  temperatures  it  is  rather 
hard  to  maintain  the  surroundings  of  the  calorimeter  at  reasonably  con- 
stant temperature  over  the  required  period  of  time.  Moreover,  the  glasses 
begin  to  soften  and  become  jelly-like,  and  their  thermal  conductivity  is 
probably  lowest  at  this  stage.  The  error  in  the  values  obtained  in  this 
region  may  be  as  high  as  4  or  5%  in  some  cases.  For  this  reason,  the 
runs  which  from  the  nature  of  the  determination  are  regarded  as  least 
reliable,  are  marked  with  an  X. 

Specific  Heats. 

Table  I. — Ethyl  Alcohol:  Glass. 


Temperature. 

{ 

?P 

per  g. 

Cp  per  g.  atom. 

859 

O 

.266 

1. 361 

87.0 

O 

.268 

1. 371 

91 .0 

O 

.283 

I.448 

92 .0 

O 

.289 

1479 

92.4 

O 

.296 

1. 515 

94  6 

O 

313 

I  .602 

96.3 

O 

370 

1.893 

Table  II. — Ethyl  Alcohol:  Liquid. 

Temperature. 

C/perg. 

Cp  per  atom. 

T.  °K. 

C;  perg. 

Cp  per  g.  atom. 

196.2 

0.456 

2332 

201  .4 

0.459 

2-349 

196.3 

0.461 

2.359 

205.4 

O.462 

2.363 

198.2 

0.463 

2.369 

262.7 

O.524 

2.680 

199.O 

0.455 

2.329 

267.2 

O.527 

2.696      * 

199-2 

0.456 

2.332 

267.9 
2714 

O.527 
O.531 

2.696 
2.717 

ilb  III. — Ethyl  Alcohol,  Propyl  Alcohol,  Equimolal  Mixture:  Glass  jl 

Liquid. 

Temperature. 

Cp  per  g. 

T.  °K. 

Cp 

P«f. 

78 

.5 

O.234 

"7. 3 

O 

472 

85 

.2 

0.242 

1959 

O 

.448 

86 

4 

0.249 

196.8 

0 

.448 

86 

9 

fc.250 

197.0 

O 

452 

88 

4 

O.256 

199  4 

O 

447 

9i 

.8 

O.264 

200.3 

O 

445 

92 

2 

0.275 

200.5 

0 

454 

92 

•7 

O.278 

261 .7 

O 

513 

94 

.2 

0.301 

265.8 

O, 

521 

97 

9 

0.400 

269.2 

0 

525 

98 

.0 

0.393 

269.4 

0, 

524 

103 

•7 

O.468X 

273.1 

O. 

524 

103 

.8 

O.482 

273.2 

O, 

.528 

no 

.3 

O.476 

r  •  f 

i 
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Temperature. 

°K. 

Tabus  IV. 

Cp  per*. 

— Propyl  Alcohol:  Glass 

Cp  per  atom.          T.  °  K. 

and  Liquid 

t>perg. 

Cp  per  g.  atom 

77.0 

0.223 

1. 1 15 

196.8 

0.440 

2.202 

82.9 

0.234 

X.171 

197.7 

0.442 

2. 211 

87.1 

0.244 

1  .221 

1990 

0.446 

2.232 

87.2 

0.246 

1. 231 

1993 

0.447 

2.237 

88.4 

0.247 

I.236 

199  6 

0445 

2.228 

88.7 

0.248 

1.239 

200.8 

0.446 

2.232 

895 

0.247 

I    236 

206.0 

0451 

2.258 

89.7       * 

0.251 

I.256 

210.7 

0.447 

2.237 

92.8 

0.269 

I.346 

214.4 

0.453 

2.267 

93  4 

0.273 

1.366 

219.0 

0.461 

2.307 

95  0 

0.287 

I    436 

222.8 

0456 

2.281 

96.0 

0.293 

I.466 

227.0 

0.458 

2.293 

98.2 

0.346 

I    73* 

231 .1 

0.459 

2.298 

98.3 

0.353 

I.767 

2352 

0.466 

2333 

100.2 

0.411 

2.058 

235  9 

0.469 

2348 

102.7 

0.428X 

2 .I4IX 

239.0 

0470 

2.353 

103.2 

0458 

2  .292 

240.1 

0.476 

2383 

104.8 

0437X 

2.I88X 

2438 

0.476 

2.382 

108.9 

0.450 

2.251 

247.8 

0.487 

2.439 

1099 

0.464 

2.321 

252.1 

0.489 

2447 

1150 

0453 

2.268 

256 . 2 

0.492 

2463 

115. 8 

0.481X 

2.408 

258.8 

0.502 

2.512 

121 .7 

0437 

2.188 

261  .5 

0.504 

2.522 

123.8 

0.455X 

2.278X 

264.5 

0.511 

2.557 

1657 

0.429 

2.147 

2675 

0.513 

2.568 

1770 

0.431 

2.156 

274  6 

0.522 

2.612 

187.4 

0.440 

2  .201 

Temperature. 

Table  V. — Ethyl  Alcohol:  Crystalline. 

Cp  per  g.       Cp  per  atom.           T.  °  K.              Cp  per  g. 

Cp  per  g.  atom. 

88.O 

O.240 

1.228 

113. 8 

0.284 

1  455 

88.7 

O.243 

I 

244 

121 .8 

0.299 

I.530 

89.8 

O.243 

I 

245 

126.2 

0.305 

I.560 

923 

O.246 

I 

260 

1295 

0.308 

1-577 

94  9 

O.250 

I 

277 

131 -4 

0.315 

1. 613 

100.9 

0257 

I 

317 

1360 

0.329 

1.682 

106.3 

0.275 

I 

407 

136.6 

0.329 

1.684 

106.7 

0.270 

I 

384 

141 .4 

0.366 

1.872 

112. 6 

0.282 

I 

441 

Heat  of  Fusion  of  Ethj 

A.  Alcohol  at  the  Melti 

ng  Point  156 

.2°K. 

First  determination 24 .4  cal.  per  g. 

Second  determination 23 .7  cal.  per  g. 

Mean  result '  24 .0  cal.  per  g.  or  123  cal.  per  g.  atom. 

Discussion  of  the  Entropy  of  the  Mixture. 

At  the  temperature  of  solid  carbon  dioxide  or  above,  the  specific  heats 

of  the  substances  under  consideration  are  varying  but  slightly,  and  over 

intervals  of  io°  or  1 5  °  conform  closely  to  a  straight  line  relationship.  Hence, 

if  we  average  the  temperatures  for  a  number  of  neighboring  runs  and  also 
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the  corresponding  specific  heats,  we  obtain  mean  values  in  which  the 
accidental  errors  have  been  cancelled  or  minimized  to  a  large  extent* 
Thus  the  runs  between  1950  and  2020  K.  were  averaged  for  each  of  the 
alcohols  with  the  following  result. 

Temperature. 

*K.  Cp  per  ff. 

Ethyl  alcohol 198 .4  o  .4583  cal. 

Propyl  alcohol 198 .9  0.4443  cal. 

Equimolal  mixture 198.3  0.4492  cal. 

The  mean  temperatures  thus  obtained  are  not  identical,  but,  since  the 
curve  for  propyl  alcohol  shows  that  dCp/6T  per  g.  is  0.0005  a*  these  tem- 
peratures, we  may  compute  Cp  for  propyl  alcohol  at  198.3  °,  which  is  the 
temperature  of  the  mean  result  for  the  mixture.  Undoubtedly  ethyl 
alcohol  has  practically  the  same  temperature  coefficient,  so  we  can  correct 
in  its  case  in  similar  fashion. 

In  this  manner  Table  VI  was  constructed  by  averaging  the  runs  in  the 
intervals  195-202  °  K.  and  261-275  °  K.  Since  the  value  f or  C,  in  the 
case  of  the  glasses  at  liquid  air  temperatures  is  changing  with  extreme 
rapidity,  the  specific  heats  in  this  region  were  plotted  against  temperature 
for  each  substance,  a  smooth  curve  was  drawn,  and  the  values  for  Cp 
at  86°  and  at  90  °  were  then  obtained  from  this  curve.  The  product  of 
Cp  per  g.  and  the  molecular  weight  gives  the  molecular  heat  capacity  which 
is  the  quantity  that  primarily  interests  us  in  the  present  discussion. 
Table  VI.— Molecular  Heat  Capacities. 

Temperature. 

°  K.  CjHiOH.  OHtOH.         Equimolal  mixture.        Mean. 

268.7  24.39  30.96  27.72  27.67 

198.3  21.10  26.67  23.83  23.89 

90.O  12.80  1517  I3.90  13.98 

86.O  12.15  »4-47  1321  13.31 

The  second,  third  and  fourth  columns  of  the  above  table  contain  the 
molecular  heat  capacities  of  ethyl  alcohol,  propyl  alcohol,  and  of  the 
equimolal  mixture,  respectively.  The  values  in  the  fifth  column  are  the 
mean  of  those  in  the  second  and  third.  Prom  the  data  it  appears  that  the 
molecular  heat  capacity  of  the  mixture  is  approximately  the  mean  of 
the  values  for  the  pure  alcohols,  a  result  which  Bose1  found  to  be  also 
true  at  2 76.9  °  and  at  296.3  °K.  for  these  same  substances.  This  fact  indi- 
cates that  the  entropy  change  involved  in  the  formation  of  the  equimolal 
mixture  persists  without  appreciable  diminution  down  to  86°  K.  Further- 
more, there  is  nothing  which  indicates  that  the  quantity  AS  would  de- 
crease at  any  point  below  this  temperature,  and  hence  it  seems  reasonable 
to  conclude  that  the  entropy  of  the  equimolal  mixture  is  greater  than 
zero  at  the  absolute  zero  in  agreement  with  the  argument  of  I^ewis  and 
Gibson. 

1  Bose,  Gotting**  (to.  Nachr .  19061 293* 
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The  Entropy  Difference  between  the  Two  Forms  of  Ethyl  Alcohol. 

When  a  sample  of  propyl  alcohol  or  of  the  equimolal  mixture  was  cooled 
in  liquid  air,  it  became  more  and  more  viscous.  At  125  °  K.  the  substance 
reached  a  jelly-like  consistency;  on  further  decrease  in  temperature  the 
liquid  underwent  a  noticeable  contraction  and  solidified  to  a  hard,  trans- 
parent glass.  Pure  ethyl  alcohol,  if  rapidly  cooled,  exhibited  the  same 
behavior  but  with  slow  cooling  crystallized  completely. 

The  specific  heats  of  propyl  alcohol  and  of  the  mixture  show  some  re- 
markable changes  in  the  course  of  this  temperature  decrease.  In  the 
neighborhood  of  130  °  K.  they  begin  to  increase  as  the  temperature  is 
lowered,  reaching  a  maximum  at  1 05-1 10  °  EL1  With  a  further  decrease 
the  solid  glass  is  formed  and  the  heat  capacity  changes  very  greatly, 
falling  off  in  the  interval  90-100  °  K.  to  about  7*  of  its  value  in  the  liquid 
state.  In  the  case  of  the  ethyl  alcohol  glass  the  data  are  not  so  complete, 
owing  to  the  greater  difficulty  in  preventing  crystallization.  Sufficient 
determinations,  however,  have  been  made  to  indicate  that  super-cooled 
ethyl  alcohol  is  analogous  to  super-cooled  propyl  alcohol,  and  hence  we  may 
draw  the  2  specific  heat  curves  parallel  for  these  substances. 

For  crystalline  ethyl  alcohol  Cp  was  plotted  against  log  T  between 
78  °  and  156.5  °  K.,  the  melting  point  of  the  substance.    In  like  manner  the 


120 


1  It  is  thought  that  the  high  specific  heats  in  this  region  may  be  due  to  a  great 
increase  in  the  amount  of  association  within  the  super-cooled  liquid;  this  is  the  usual 
explanation  for  the  anomalous  behavior  of  water  from  — 5  °  to  1  $  °  C. 
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curve  for  super-cooled  ethyl  alcohol  was  drawn  over  the  same  temperature 
range.  The  area  between  the  2  curves  is  then  a  measure  of  the  difference 
between  the  increase  of  entropy  of  the  glass  and  the  increase  of  entropy 
of  the  crystalline  form  over  the  interval  78-1 56.5  °.  This  difference, 
obtained  by  graphical  integration,  amounts  to  0.50  cal.  per  degree  per 
mean  g.  atom.  At  780  K.  Cp  for  the  glass  is  approximately  12%  greater 
than  Cp  for  the  crystals,  but  at  lower  temperatures  the  2  curves  probably 
approach  much  closer  to  one  another.  Thus  White's1  data  for  the  silicates 
and  Koref's*  for  crystalline  and  amorphous  betol  show  that  at  a  consider- 
able distance  below  the  melting  point  the  specific  heat  of  the  glass  exceeds 
that  of  the  solid  by  only  1  or  2%.  However,  for  the  present  argument 
we  will  assume  that  below  780  the  difference  of  12%  in  the  specific  heats 
of  the  two  forms  is  maintained  practically  down  to  o°  K.  For  crystalline 
alcohol  the  entropy  increase,  calculated  by  means  of  the  "n  formula"  of 
Lewis  and  Gibson,  is  1.32  for  the  interval  0-78  °  K.  Hence,  on  the 
assumption  of  12%  difference  in  Cp,  the  entropy  of  the  glass  exceeds  that 
of  the  crystalline  form  by  1.32  X  0.12  =  0.16  cal.  per  degree.  If  then 
we  assume  that  the  entropy  for  both  forms  is  zero  at  the  absolute  zero, 
the  entropy  change  for  the  process,  liquid  alcohol  — ►  crystalline  alcohol, 
becomes  AS1M.6  =  — (0.50  +  0.16)  =  — 0.66  cal.  per  degree  per  g.  atom, 
while  when  calculated  from  the  heat  of  fusion 

ASiM6  =  — —    =  — 0.78  cal./deg. 
156.5 
This  discrepancy  of  0.12  entropy  units  per  mean  g.  atom  (or  20  calories 
at  1 56.5  °)  could  be  accounted  for  if  we  assume  simultaneously  an  error 
of  2l/t%  in  the  determination  of  the  heat  of  fusion  and  a  9%  error  in  the 
specific  heats  of  the  glass  over  the  temperature  interval   95-156.5  °. 
While  errors  of  this  magnitude  seem  improbable,  the  assumptions  made 
and  the  absence  of  data  at  and  just  above  the  temperature  of  liquid  hy- 
drogen hardly  justify  us  in  concluding  that  the  entropy  of  the  glass  is 
really  different  from  that  of  the  crystalline  form  at  the  absolute  zero. 
Calculation  of  the  Free  Energy  of  Ethyl  Alcohol. 
Assuming  the  entropy  at  the  absolute  zero  to  be  zero,  the  entropy  at 
298 °  K.  is  given  by  the  equation 

5'"  =  J0    T  (I) 

Then  for  pure  ethyl  alcohol  we  may  write 

aim.i  cp  (solid)  AT   ,    AH  (fusion)    ,    C *98  Cp  (liquid)  6T   ,  , 

Jo  T  I56.5  J  1MB  T 

The  values  of  the  integrals  may  be  obtained  by  plotting  Cp  as  ordinates 

1  White,  Am.  J.  Sci.,  47,  1  (1919). 

*  Nernst,  Koref  and  Lindeman,  Silzb.  Akad.,  1910,  247. 
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against  In  T  as  abscissas,  the  entropy  then  being  the  area  under  the  curve. 
As  in  the  present  case,  the  curve  is  not  known  below  850  K.,  some  extra- 
polation formula  becomes  necessary.  Lewis  and  Gibson1  suggest  for  all 
solids 

cv-fir/n  (3) 

where  T  is  the  absolute  temperature,  0  and  n  are  characteristic  constants 
for  each  substance,  and  /  is  the  same  function  for  different  substances. 
For  elements  crystallizing  in  the  regular  system  n  is  unity;  for  all  other 
substances  it  is  less  than  unity. 

Applying  the  methods  of  Lewis  and  Gibson,  we  obtain  for  crystalline 
ethyl alcoholn  =  0.315,0  =  473°>log  156.5/0'  =  — o.isandSua.i  -  2.35 per 
g.  atom.  The  entropy  of  fusion  is  equal  to  123/ 156.2  or  0.79  per  g. 
atom.  The  increase  of  entropy  per  atom  for  liquid  ethyl  alcohol  between 
156.2  °  and  298  °  was  obtained  graphically  by  plotting  Cp  against  the 
corresponding  logarithm  of  the  temperature.  The  values  of  Cp  found 
experimentally  at  ice  and  at  carbon  dioxide  temperatures  were  used  and 
between  these  points  the  curve  was  drawn  parallel  to  the  curve  for  propyl 
alcohol.  The  values  of  Bose  were  used  between  275  °  and  298  °  K.  The 
integral  f™.2  CpdlnT  was  found  to  be  1.59  per  g.  atom.  Hence  for 
ethyl  alcohol 

Sm  -  9(2.35  +  0.79  +  1.59)  =»  42-6  per  mol. 
For  the  heat  of  combustion  of  liquid  ethyl  alcohol,  Landolt-Bornstein 
give  3  values:  326,100  cal.  (Berthelot),  326,700  (Atwater  and  Snell), 
and  326,900  (Atwater  and  Snell).  We  shall  take  the  mean  value  326,600 
cal.  For  the  heat  content  of  the  products  of  combustion  we  shall  use  the 
values 

H20  =  — 68,275  cal.*  and  CO*  =  — 94,250  cal.1 
Then  for  the  reaction 

3H,  +  0.5O,  +  2C  =   C*H*OH 
AHm  =  — 66,700  cal. 
For  the  entropies  of  hydrogen,  oxygen  and  carbon,  Lewis  and  Gibson  have 
calculated  15.9,  24.1  and  1.3,  respectively.    With  these  values, 

A5298  =  42.6  —  95.4  —  24.1  —  2.6  =  —79-5- 
Hence,  using  the  relationship  AF  =  AH  —  TAS,  we  obtain 
AF2»g  =  —66,700  +  (298)  (79.5)  =  —43,000  cal. 
Summary. 
Specific  heat  data  for  ethyl  alcohol,  propyl  alcohol,  and  for  an  equimolal 
mixture,  all  in  the  liquid  or  supercooled  condition,  have  been  obtained 
1  Lewis  and  Gibson,  loc.  cit. 

8  Lewis  and  Randall,  This  Journal,  36,  1969  (1914). 
1  Lewis  and  Randall,  ibid.,  37,  488  (1915). 


Digitized  by  VjOOQIC 


I550  THBODORB  W.  RICHARDS  AND  NORMS  *.  HALL. 

over  a  wide  range  of  temperature.  The  specific  heat  and  heat  of  fusion 
of  crystalline  ethyl  alcohol  have  also  been  measured. 

From  an  examination  of  the  data,  it  appears  probable  that  the  entropy 
of  the  equimolal  mixture  is  not  zero  at  the  absolute  zero. 

With  the  assumption  of  the  applicability  of  the  third  law  to  the  process 
OHftOH  (super-cooled)  — ►  CtHsOH  (crystalline),  ASm*  has  been  calcu- 
lated in  two  ways.  The  difference  (per  gram  atom)  between  the  results 
obtained  is  0.12  cal.  per  degree,  or  20  calories  at  156.2  °  K. 

By  means  of  the  third  law  of  thermodynamics  the  free  energy  of  pure 
ethyl  alcohol  has  been  calculated.    Fm°  m  — 43>ooo  cal. 


[Contribution  from  thb  Wolcott  Gibbs  Memorial  Laboratory,  Harvard 

University.  1 

THE  MELTING  POINTS  AND  THERMOELECTRIC  BEHAVIOR  OF 

LEAD  ISOTOPES. 

Bv  Theodore  W.  Richards  and  Norris  P.  Haix. 

Received  April  17,  1920. 

Among  the  properties  of  the  isotopes  of  lead,  the  melting  points  stand 
out  as  of  especial  interest.  Since  the  molecular  volumes  of  these  sub- 
stances are  essentially  equal,1  the  question  as  to  whether  or  not  the  melt- 
ing points  are  likewise  equal,  compels  attention. 

Thermocouples  were  used  for  this  measurement,  not  only  because  they 
could  be  used  with  small  amounts  of  material  but  also  because  they  are 
essentially  suited  to  "differential"  estimation.  W.  P.  White's  papers1 
on  this  topic  afforded  many  useful  suggestions. 

The  thermo  elements  employed  were  4  in  number,  3  single  elements 
and  one  of  4  junctions.  The  difficulty  with  work  at  high  tempera- 
tures is  the  breaking  down  or  the  increasing  conductivity  of  most  insula- 
ting materials  even  below  the  melting  point  of  lead.  Through  the  kind- 
ness of  Professor  Harvey  N.  Davis  and  Dr.  F.  Wheeler  Loomis,  asbestos- 
insulated  copper  and  nickel  wire  were  available  for  the  construction  of 
the  elements.  This  combination  has  thermoelectric  advantages.  The 
thermoelectric  effect  (about  23  microvolts  per  degree  at  327  °)  is  much 
higher  than  that  of  noble-metal  elements,  although  not  so  high  as  copper- 
constantan;  moreover,  both  sorts  of  wire  are  generally  very  free  from 
the  inhomogeneity  often  met  with  in  alloys,  and  both  metals  are  sufficiently 
resistant  to  oxidation  under  ordinary  conditions. 

The  use  of  copper  here  as  well  as  for  connections  to  the  rest  of  the  meas- 
uring apparatus  diminishes  the  danger  of  parasitic  effects  to  a  minimum. 
1  See  T.  W.  Richards  and  Charles  Wadsworth,  3rd,  This  Journal,  38,  mi,  1658 
(1916). 

f  W.  P.  White,  ibid,.  36,  1 856-1 885,  201 1-2020  {1914). 
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The  asbestos  insulation,  which  had  an  inflammable  binder,  was  removed 
from  a  few  millimeters  at  the  ends  of  the  wires,  and  the  ends  were  twisted 
together.  They  were  then  soldered  with  a  minimum  amount  of  silver 
solder,  using  borax  as  a  flux. 

The  junctions  were  insulated  from  each  other  by  a  thin  glaze  of  lead 
borate  prepared  from  litharge  and  boric  anhydride  in  a  nickel  crucible 
in  the  proportion  represented  by  PbiBiO*.  For  convenience  in  intro- 
ducing into  the  glass  tube  the  several  separately  insulated  elements 
were  twisted  together  and  the  whole  glazed  so  as  to  form  a  single  bead. 
The  single  element  used  to  measure  the  bath  temperature  was  simply  en- 
closed in  a  glass  tube.  All  the  "cold  ends"  were  contained  in  a  single  glass 
tube  under  paraffin.  The  free  ends  were,  after  several  windings,  soldered 
firmly  to  thin  copper  strips  which  made  contacts  through  strong  damps.1 

The  furnace  consisted  of  2  tall  glass  beakers  of  which  the  smaller  was 
wound  with  a  commercial  resistance  wire  wrapped  in  asbestos  and  placed 
in  the  larger  beaker.  The  beakers  thus  nested  were  set  in  the  center  of 
a  fiber  pail,  of  which  the  bottom  had  been  covered  with  magnesia  and 
asbestos,  the  whole  being  packed  in  this  mixture.  Around  the  top  of 
the  beakers  a  smooth  covering  was  made  of  plaster  of  Paris.  The  heavy 
tempering  oil  {Raced  in  the  inner  beaker  and  used  for  the  bath  needed 
renewal  from  time  to  time;  it  carbonized  and  evaporated  but  never 
burned,  and  its  odor  while  unpleasant  was  not  unbearable.  The  viscous 
oil  was  rapidly  stirred  with  a  brass  stirrer  and  the  bath  was  covered  with 
a  block  of  asbestos  nearly  3  cm.  thick.  After  the  stirrer,  the  melting 
point  apparatus,  the  thermo-couples  and  a  mercury  thermometer  had  all 
been  inserted  through  the  cover  all  the  holes  were  luted  with  a  paste 
made  of  magnesia,  asbestos  threads  and  oil.  The  whole  furnace  was 
thickly  surrounded  and  covered  with  wool  felt.  The  rapidity  of  stirring 
was  such  that  no  difficulty  whatever  was  found  in  keeping  the  tempera- 
ture of  the  2  samples  of  lead  the  same  within  o.  1  °  while  the  furnace  was 
rising  in  temperature  at  the  rate  of  io°  per  minute,  or  in  keeping  the  fur- 
nace temperature  constant  within  0.05 °  for  hours  at  a  time  with  proper 
regulation  of  heating  current  The  alternating  no- volt  lighting  circuit 
was  used  as  a  source  of  heat,  but  on  account  of  fluctuating  voltage  needed 
frequent  regulation  if  constant  temperature  was  desired.  The  heat  in- 
sulation was  satisfactory;  cooling  curves  could  be  taken  with  the  heating 
current  broken  completely.  Nevertheless,  in  order  that  greater  accuracy 
might  be  obtained  a  small  current  was  usually  passed  through  the  heating 
coil  to  delay  the  cooling. 

The  Electrical  Measuring  System  and  Connections. 
A  20,000  ohms  resistance  Wolff  potentiometer  was  employed,  instead 
of  an   apparatus  of  lower  resistance,  because  it  was  somewhat  more 
1  W.  P.  White,  loc.  tit.,  p.  1861. 
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convenient  (especially  in  that  it  simplified  the  standard  cell  connections) 
and  because  even  with  it,  the  galvanometer  gave  all  the  sensitiveness 
desirable.  The  floated  battery  arrangement  described  by  White1  was 
used  to  keep  the  battery  voltage  constant,  and  with  about  19,800  ohms 
in  series  with  the  2  cells,  gave  variations  so  small  that  it  was  seldom 
necessary  to  change  the  resistance  by  as  much  as  o.  1  ohm,  in  making  a 
balance  against  the  standard  of  which  the  voltage  was  assumed  to  be 
1. 0183  +  0.00004  (t°  —  20 °).  Three  single-knife  switches  connected 
the  3  single  elements  with  the  potentiometer  galvanometer  circuit,  which 
was  provided  with  an  eliminating  switch  and  a  switch  for  making  direct 
connection  with  the  standard  cell.  The  whole  battery  circuit  was  shielded 
and  the  shield  carried  into  the  eliminating  switch.  Another  switch 
made  connection  with  the  differential  element,  and  at  the  same  time 
cut  out  the  potentiometer.  A  suitable  protective  resistance  for  the 
galvanometer  was  an  integral  part  of  the  potentiometer. 

The  galvanometer  was  a  Leeds  and  Northrup  wall  type  with  a  mirror. 
The  lamp  signal,  focussed  sharply  on  a  translucent  scale,  was  easily  read 
to  tenths  of  a  millimeter.  The  deflection  was  nearly  2  mm.  per  micro- 
volt, so  that  it  was  easy  to  read  hundredths  of  a  degree  with  the  single 
elements  and  thousandths  of  a  degree  with  the  multiple  element.  All 
the  measuring  apparatus  was  on  a  single  shielded  table,  under  which, 
but  separate  from  it,  was  a  box  with  the  switches  of  the  lighting  and  heat- 
ing circuits  and  the  slide  resistors  for  the  latter. 

The  entire  measuring  system  was  shielded  by  a  complete  equipotential 
shield,  as  advocated  by  White.  After  the  hope  that  the  insulation  of 
oil  and  glass  would  prevent  leakage  from  the  heating  current  had  proved 
illusory,  the  shield  was  extended  into  the  furnace  itself  by  the  device 
of  silver-plating  the  several  parts  of  the  entire  melting  apparatus,  wind- 
ing their  tops  with  tin-foil  and  then  continuing  the  winding  with  thin 
copper  foil.  This  was  wound  spirally  around  the  sheaf  of  connecting 
wires,  forming  a  continuous  flexible  protective  sheath,  and  connected 
into  the  shield,  which  quite  eliminated  trouble  from  electrical  leakage 
unless  the  heating  current  switches  were  handled  simultaneously  with 
some  part  of  the  measuring  system. 

Parasitics  were  detected  and  allowed  for  by  means  of  a  suitable  elimina- 
ting switch.  Early  in  the  day's  work  they  were  large  and  often  quite 
variable,  but  always  seemed  to  become  fairly  constant  and  of  rather 
small  value  about  noon  when  the  room  and  furnace  temperatures  had 
reached  approximate  equilibrium.  In  the  final  measurements,  they  were 
always  tested  immediately  before  and  after  the  experimental  crisis  and 
all  trials  in  which  they  varied  enough  to  cause  appreciable  error  were 
rejected. 

1  W.  P.  White,  "Constant  Battery,"  Phys.  Rev.t  33,  447  (1906). 
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The  two  sorts  of  lead  were  contained  in  identical  sealed  cylinders  of 
Pyrex  glass  from  which  the  air  was  exhausted  before  melting  the  lead. 
Each  vessel  was  provided  with  a  smaller  co-axial  cylindrical  glass  sheath 
fen-  the  thermo-elements,  which  thus  extended  into  the  center  of  the 
cylindrical  mass  of  lead. 

The  2  kinds  of  lead  were  prepared  as  follows.  Ordinary  lead,  in  the 
form  of  acetate,  was  dissolved,  filtered,  and  precipitated  as  nitrate  from 
concentrated  solution,  and  then  recrystallized  (with  centrifuging)  6  times 
as  nitrate  from  concentrated  solution.  The  purified  crystals  were  then 
dissolved  in  warm  water  in  a  quartz  dish,  about  10%  of  pure  nitric  acid 
was  added,  and  the  lead  was  precipitated  electrolytically  as  dioxide  in 
order  to  eliminate  possible  traces  of  silver.  The  lead  dioxide  was  washed 
repeatedly,  dried  on  the  steam  bath,  and  heated  to  redness  in  order  to 
reduce  it,  at  least  partially,  to  litharge  and  expel  any  included  nitrogen 
compounds.  The  orange-red  mixture  of  oxides  was  then  cautiously 
heated  in  an  unglazed  porcelain  crucible  with  potassium  cyanide  of  high 
purity,  until  it  was  reduced  to  metallic  lead,  which  was  next  melted  in 
small  "alundum"  crucibles  and  poured  into  a  carefully  cleaned  steel 
die  kindly  loaned  by  Professor  P.  W.  Bridgman.  This  die,  containing 
the  lead,  was  heated  to  about  2500,  the  melting  point  of  soft  solder,  in 
a  blast  flame,  and  then  transferred  to  a  press,  where  the  lead  was  ex- 
truded in  the  form  of  wire  about  1  mm.  in  diameter,  of  which  the  first 
3  meters  were  rejected.  The  remainder  of  the  wire,  cut  into  pieces  about 
5  mm.  long  with  a  clean  knife  on  a  glass  plate,  was  introduced  into  one 
of  the  cylindrical  lead  containers. 

The  other  specimen  of  lead — the  Australian  radioactive  sample — was 
treated  in  the  same  way,  except  that  the  raw  material  was  not  the  ace- 
tate, but  rather  in  metallic  form.  This  was  dissolved  in  nitric  acid, 
evaporated  to  dryness,  taken  up  with  water,  filtered,  evaporated,  re- 
crystallized  6  times,  electrolyzed,  and  after  ignition  reduced  by  cyanide 
as  described  above. 

Samples  of  each  kind  of  lead  were  tested  spectrographically  before  and 
after  extrusion  through  the  die,  through  the  kindness  of  Professor  G.  P. 
Baxter.  All  the  samples  showed  a  trace  of  silver,  and  the  extruded  ordin- 
ary lead  a  very  small  trace  of  copper.  This  sample  also  showed  an  intensi- 
fication of  one  of  the  lines  which  appeared  in  all  the  lead  samples  (X  = 
3048) ;  but  such  intensification  is  usually  not  significant,  depending  rather 
upon  the  vagaries  of  the  arc-spark,  than  upon  differences  of  material. 
Evidently  neither  of  the  samples  was  perfectly  pure — evidently,  too,  the 
ordinary  lead  was  somewhat  less  pure  than  the  other.  The  maximum 
impurity  probably  amounted  to  not  more  than  5  parts  in  one  hundred 
thousand. 
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Measurements. 

After  preliminary  trials  the  method  of  measurement  adopted  was  as 
follows.  The  temperature  of  the  bath  was  raised  rapidly  until  (with 
the  potentiometer  set  at  the  value  corresponding  approximately  to  the 
melting  point)  the  spot  of  light  from  the  galvanometer  was  at  the  ex- 
treme low-temperature  side  of  the  indicator  scale.  Resistance  was  now 
thrown  into  the  heating  circuit  until  the  passage  of  the  spot  of  light  to- 
ward the  center  of  the  scale  was  sufficiently  slow.  Readings  of  E.  M.  F. 
were  taken  every  15  seconds  through  the  melting  interval,  the  heating 
being  so  regulated  as  to  maintain  a  constant  temperature  gradient  be- 
tween the  bath  and  the  charge  to  be  measured.  The  cooling  curve  was 
taken  similarly.  Marked  super-cooling  from  one  to  two  degrees  was  the 
rule,  but  after  this  marked  depression  the  temperature  rose  again  to  a 
constant  level  which  was  maintained  for  a  long  time.  This  maximum 
temperature  was  taken  as  the  freezing  point.  The  battery  voltage  was 
balanced  against  the  standard  cell  before  and  after  every  trial  with  satis- 
factory outcome.  Corrections  for  parasitics  and  galvanometer  drift 
(if  any)  were  made  in  the  immediate  neighborhood  of  the  critical  portion 
of  the  melting  and  freezing  interval.  The  super-cooling  was  greater  in  the 
radioactive  lead  than  in  ordinary  lead,  probably  because  of  the  slightly 
less  purity  of  the  latter. 

In  the  first  experiments  using  single  elements,  the  difference  between 
the  melting  points  of  the  two  isotopes  did  not  greatly  exceed  the  probable 
error  of  experiment.  In  the  more  sensitive  subsequent  "differential" 
experiments,  the  temperatures  of  the  samples  travelled  nearly  together, 
differing  only  ^o.os0  during  wide  variations  of  the  furnace  tempera- 
ture above  and  below  the  melting  point;  but  they  did  not  remain  to- 
gether in  the  immediate  neighborhood  of  the  melting  point.  On  heating, 
a  difference  in  temperature  became  manifest  about  0.50  below  the  true 
melting  point  in  the  sense  that  the  temperature  of  the  radioactive  sample 
rose  more  rapidly.  Evidently  the  ordinary  lead  began  to  melt  at  a  lower 
temperature.  After  reaching  the  melting  point,  the  difference  dimin- 
ished to  less  than  o.  1  °,  and  afterwards  diminished  only  very  slowly  until 
one  of  the  samples  melted. 

On  cooling,  as  already  stated,  the  ordinary  lead  crystallized  first;  but 
after  the  radioactive  isotope  had  crystallized,  its  maximum  rose  about 
0.050  above  that  of  the  other.  During  most  of  the  cooling  the  radio- 
active sample  showed  a  temperature  about  0.050  above  the  other.  When 
the  heating  or  cooling  was  properly  regulated  and  extremely  slow  it  was 
possible  to  extend  greatly  the  interval  of  constancy  and  to  diminish  the 
small  unavoidable  constant  error  which  tended  to  increase  the  apparent 
difference  due  to  the  fact  that  the  ordinary  lead  was  always  in  a  more  ad- 
vanced state  either  of  melting  or  of  freezing  than  the  radioactive. 
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There  seems  to  be  no  question  then  that  the  radioactive  lead  showed  the 
higher  melting  point  by  about  O.050  or  0.060 — a  difference  of  only  one 
ten-thousandth  of  the  absolute  melting  temperature  of  lead.  Part  of 
the  difference  is  unquestionably  due  to  slight  impurity  in  the  ordinary 
lead,  as  shown  by  the  spectroscope  and  also  by  a  slight  obliquity  of  the 
melting  curve  even  under  the  best  conditions  of  heat  supply.  Possibly 
all  of  the  difference  may  be  due  to  this  cause.  Certainly  there  is  no 
difference  between  the  melting  points  at  all  comparable  with  the  differ- 
ence between  the  atomic  weights,  which  was  almost  0.5%. 

The  Australian  radioactive  specimen  used  in  this  test  had  an  atomic 
weight  of  about  206.4,  whereas  pure  uranium  lead  probably  has  an  atomic 
weight  very  near  206.  Accordingly  the  Australian  specimen  may  be  sup- 
posed to  consist  of  a  solid  solution  of  uranium  lead  and  one  or  more  iso- 
topes of  higher  atomic  weight  Ordinary  lead  being  the  most  proba- 
ble admixture,  we  may  assume  the  specimen  to  consist  of  about  one  part 
of  common  lead  to  three  parts  of  the  isotope  believed  to  owe  its  origin 
to  uranium.  But  ordinary  lead  also  is  probably  an  isotopic  mixture. 
That  two  chance  mixtures  of  isotopes  in  different  proportions  should 
assume  essentially  the  same  melting  point  is  extremely  unlikely,  if  their 
melting  points  were  different,  or  if  the  addition  of  one  isotope  caused  any 
appreciable  effect  on  the  melting  point  of  another.  Hence  from  the  re- 
sults just  recounted,  it  is  fairly  safe  to  conclude  that  isotopes  must  be 
wholly  soluble  in  one  another,  in  perfectly  consolute  solid  solution,  and 
that  all  have  the  same  melting  point,  as  indeed  one  would  expect.  Separa- 
tion by  freezing  is  obviously  impossible. 

Time  was  lacking  for  the  preparation  of  yet  purer  specimens,  which 
would  have  given  a  more  conclusive  verdict. 

The  Thermoelectric  Behavior  of  Isotopes. 

The  apparatus  being  at  hand,  a  test  of  the  thermoelectric  behavior 
of  the  2  isotopic  forms  of  lead  was  worth  while.  Two  precisely  similar 
wires  of  ordinary  lead  were  connected  with  the  galvanometer  terminals, 
and  the  other  ends  were  joined  by  wire  made  of  the  radioactive  lead — 
one  junction  being  introduced  into  an  ice  bath  and  the  other  heated  grad- 
ually to  melting  in  a  flame.  No  deflection  in  the  galvanometer  was  ob- 
served in  any  of  several  repetitions  of  this  test,  although  one  ten-millionth 
of  a  volt  could  have  been  detected.  Evidently,  then,  there  is  no  differ- 
ence in  thermoelectric  power  between  these  two  kinds  of  lead.  Presuma- 
bly this  behavior  is  characteristic  of  the  behavior  of  isotopes  in  general. 

It  was  intended  also  to  compare  their  electrical  conductivity,  but  the 
time  needed  to  prepare  the  wires  with  sufficient  care  as  to  exact  constancy 
of  cross  section  was  lacking.  Later  this  test  was  accomplished  by  Pro- 
fessor P.  W.  Bridgman  upon  the  same  samples  with  more  carefully  drawn 
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wire.  He  has  described  these  experiments  in  another  place.1  He  found  no 
difference  (beyond  the  range  of  experimental  error)  in  the  conductivity 
of  the  2  kinds  of  lead  nor  in  the  effect  of  pressure  or  temperature  upon 
their  conductivity. 

We  are  glad  to  acknowledge  our  indebtedness  to  the  Carnegie  Institu- 
tion of  Washington  for  much  of  the  apparatus  used  in  this  research. 

Summary. 

In  this  paper  experiments  are  described  which  show  that  the  difference 
in  the  melting  points  of  2  specimens  of  lead  differing  0.8  in  atomic  weight 
is,  if  appreciable,  not  over  0.05°.  From  this  outcome,  it  is  fairly  safe 
to  assume  that  the  kinds  of  lead  not  only  have  very  nearly  the  same  melt- 
ing point  but  also  (since  the  sample  consisting  chiefly  of  the  lighter  iso- 
tope doubtless  contained  ordinary  lead)  they  mix  (or  rather  mutually 
dissolve)  without  affecting  the  melting  point. 

The  Seebeck  thermoelectric  effect  produced  at  a  junction  of  the  two 
kinds  of  lead  is  also  shown  to  be  nil. 

Cambrido*,  Mass. 


THE  ACTIVITIES  OF  THE  IONS  IN  AQUEOUS  SOLUTIONS  OF 
SOME  "STRONG"  ELECTROLYTES. 

By  Frederick  H.  Gbtman. 

Received  May  3,  1920. 

In  a  recent  number  of  This  Journal,  Noyes  and  Maclnnes*  gave  an 
interesting  summary  of  a  series  of  investigations  which  have  been  car- 
ried out  under  their  direction  with  a  view  to  determining  the  activity 
of  several  electrolytes  which  are  known  to  be  largely  ionized  in  solution. 

The  appearance  of  this  paper  has  made  it  seem  worth  while  to  the 
author  to  publish  a  brief  account  of  some  studies  made  by  him  along  simi- 
lar lines  which  not  only  confirm  the  experimental  results  of  Noyes  and 
Maclnnes  but  also  furnish  additional  evidence  in  support  of  the  validity 
of  the  formula  developed  by  Maclnnes8  for  the  calculation  of  the  electro- 
motive force  developed  at  a  liquid  junction. 

The  term  "activity,"  which  was  first  introduced  by  Lewis4  to  express 
the  effective  concentration  of  a  dissolved  substance  may  be  defined  as 
the  quantity  which  must  be  introduced  into  the  mass  action  equation  to 
express  correctly  the  effect  of  concentration  in  determining  the  equi- 
librium. 

Apparently  the  first  to  derive  activity  coefficients  from  measurements 

1  Bridgman,  Proc.  Nat.  Acad.  Set.,  5,  351-3  (1919). 

*  This  Journal,  42,  239  (1920). 

*  Ibid.,  37,  2301  (1915). 

4  Proc.  Am.  Acad.  Arts  Set.,  43,  259  (1907);  Z.  physik.  Chetn.,  61, 129  (1908). 
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of  electromotive  force  was  Linhart,1  who,  by  making  use  of  a  method 
recommended  by  Lewis,  calculated  the  so-called  "thermodynamic"  de- 
gree of  dissociation  of  potassium  chloride  from  existing  experimental 
data.  Shortly  afterward  he  published  the  results  of  similar  calculations 
cm  hydrochloric  add1  and  at  a  later  date,  employing  the  silver-silver 
chloride  electrode,  he  determined  the  activity  coefficients  of  hydrochloric 
acid  in  extremely  dilute  solutions.9 

In  the  present  investigation  3  typical  uni-univalent  electrolytes,  hydro- 
chloric acid,  sodium  chloride,  and  potassium  chloride,  were  studied  in 
both  dilute  and  concentrated  solutions,  making  use  of  cells  involving 
transference  as  indicated  in  the  following  scheme. 

Hg  —  HgCl  —  MClfo)  ||  MClfo)  —  HgCl  —  Hg 
After  correcting  the  observed  electromotive  forces  for  liquid  potentials 
at  the  junctions  of  the  2  solutions,  the  activity  coefficients  were  calcula- 
ted in  the  usual  manner.      All  measurements  were  made  at  a  tempera- 
ture of  25  °. 

Preparation  of  Materials  and  Solutions. 

The  mercury  used  was  first  sprayed  through  a  column  of  5%  nitric  acid 
60  cm.  in  length  and  then  further  purified  by  distillation  in  a  current  of 
air  at  diminished  pressure  as  recommended  by  Hulett.4 

The  calomel  employed  was  prepared  from  pure  mercury  by  dissolving 
in  distilled  nitric  acid  and  precipitating  with  pure  hydrochloric  acid  ac- 
cording to  the  directions  of  Loomis  and  Acree.6 

The  potassium  chloride  was  obtained  from  a  high-grade  sample  by  5 
recrystallizations.  The  well-drained  crystals  were  first  dried  at  no° 
and  then  heated  to  incipient  fusion,  after  which  they  were  pulverized  in 
a  mortar  and  preserved  in  a  desiccator  over  phosphorus  pentoxide.  The 
purified  salt,  when  tested  spectroscopkally,  failed  to  reveal  the  presence 
of  any  sodium. 

The  sodium  chloride  used  was  prepared  by  2  successive  precipitations 
of  a  saturated  solution  of  a  good  commercial  sample  of  salt  with  hydro- 
gen chloride  followed  by  washing  and  thorough  draining  of  the  resulting 
crystals.  The  remaining  treatment  was  similar  to  that  employed  in 
the  preparation  of  pure  potassium  chloride.  The  hydrochloric  acid  used 
was  obtained  by  redistillation  of  a  good  grade  of  commercial  acid. 

The  water  used  in  the  purification  of  the  above  substances,  as  well  as 
that  employed  in  making  up  all  solutions,  was  obtained  by  the  usual  pro- 
cedure in  the  preparation  of  so-called  "conductivity"  water. 

1  This  Journal,  39, 618  (1917)* 

*  Ibid.,  39,  2601  (1917)* 
'Ibid.,  41,1175(1919). 

4  Pkys.  Reo.,  ai,  388  (1905). 

*  Am,  Chan.  J.,  46,  $96  (191 1). 
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Solutions  of  the  2  salts  were  made  up  by  direct  weighing  of  the  solutes 
and  diluting  to  the  mark  in  calibrated  flasks,  while  solutions  of  the  acid 
were  standardized  by  precipitating  with  silver  nitrate  and  weighing  as 
silver  chloride.  The  more  dilute  solutions  were  prepared  by  dilution 
from  a  solution  of  known  concentration. 

Cells. 

Two  different  types  of  cells  were  used:  (a)  cells  similar  to  those  described 
by  Gibbons  and  Getman1  and  (b)  cells  which  were  essentially  the  same  as 
those  employed  by  Maclnnes  and  Parker1  in  their  study  of  potassium 
chloride  concentration  cells.  The  latter  type  of  cell  proved  to  be  very 
satisfactory  provided  care  was  taken  when  assembling  to  separate  the 
mouths  of  the  siphon  tubes  in  the  intermediate  vessel  as  far  as  possible. 
The  statement  of  Maclnnes  and  Parker,  that  the  "time  change/'  which 
is  apparently  always  present  where  a  liquid  junction  is  involved,  was 
"less  than  1  millivolt  per  hour"  was  more  than  corroborated;  in  fact,  in 
a  large  number  of  cases  the  change  in  24  hours  did  not  exceed  o.  1  milli- 
volt when  the  boundary  remained  unchanged. 

Method  of  Procedure. 

In  setting  up  the  different  cells  studied  in  this  investigation,  the  concen- 
tration of  the  electrolyte  on  one  side  was  varied  over  a  wide  range,  while 
that  on  the  other  side  was  maintained  uniformly  at  o.  1  molar  concentra- 
tion. In  the  preparation  of  the  electrodes,  attention  was  paid  to  the  pre- 
cautions pointed  out  by  Loomis  and  Acree*  and  also  by  Ellis4  and  special 
care  was  taken  to  compare  the  electrodes  with  each  other  at  frequent 
intervals.  Not  only  were  similar  electrodes  intercompared,  but  the 
electromotive  forces  of  the  following  combinations  were  also  measured. 

(a)    Hg  —  HgCl  —  o.iJVKCl||o.iiVNaCl  —  HgCl  —  Hg, 

(6)    Hg  — HgCl  — o.iATKCl||o.iATHCl  — HgCl  — Hg, 
and  compared  with  the  values  calculated  by  means  of  the  formula  of 
Lewis  and  Sargent*  for  the  electromotive  force  at  the  junction  of  2  uni- 
univalent  electrolytes  having  an  ion  in  common.    The  measured  eke* 
tromotive  forces  were  as  follows,     (a)  0.00469  volt  and  (6)  0.02838  volt, 
while  the  calculated  values  were  0.00434  v°lt  and  0.02840  volt,  respec- 
tively.6   The  maximum  values  of  the  electromotive  force  were  taken 
in  each  case  as  a  correct  measure  of  the  free  energy  attending  tne  trans- 
fer of  the  solute  from  one  concentration  to  the  other.    All  measurements 
were  made  with  a  Leeds  and  Northrup  potentiometer  in  conjunction  with 
1  This  Journal,  36,  1645  (1914). 
*Ibid.t  37,  1455  (1915). 
*Lqc.  cti. 
4  Tms  Journal,  381  745  (1916). 

•  Ibid.,  31,  363  (1909). 

*  See  also  Lewis,  Brighton  and  Sebastian,  Ibid.,  30,  2235  (191 7). 
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a  sensitive  galvanometer  and  a  Weston  standard  cell,  the  latter  having 
been  recently  certified  by  the  Bureau  of  Standards. 

Experimental  Data. 
Before  giving  the  summarized  data  of  the  entire  series  of  observations, 
it  may  be  of  interest  to  give  a  typical  series  of  measurements  of  the  elec- 
tromotive force,  E,  of  a  single  combination  extending  over  a  period  of 
5  days. 

Table  I.— Observed  Values  of  the  E.  M.  F.  of  the  Cell. 
Hg-HgCl-o.i  N  KC1 1|  0.0298  N  KCl-HgCl-H*. 


Date. 

£. 

Date. 

B. 

Dec  10, 10.25  a.m. 

—O.02796 

Dec.  12, 

450  PM. 

— 0.02791 

4.05  P.M. 

— O.02793 

13. 

I2.00  M. 

— 0.02790 

II,  II.OO  A.M. 

—O.02792 

4-55  PM. 

— 0.02794 

5.O0  P.M. 

— O.02791 

15. 

II.OO  A.M. 

— 0.02785 

12,  I2.20  P.M. 

— O.02796 

Mean 

—0.02792 

Average  deviation  from  the  mean,  < 

X02  millivolt. 

The  negative  sign 

prefixed  to  the  electromotive  force  indicates  that  the 

current  tends  to  flow  from  left  to  right  through 

l  the  cell,  this  convention 

being  in  accord  with  the  scheme  adopted  by  Abegg,  Auerbach  and  Luther.1 

A  complete  summary  of  the  measurements  of  potassium 

chloride  cells 

is  given  in  Table  II 

TabLB  II.— Summary  of 

E.  M.  P.  Data 

on  KCl  Cells. 

1. 

11. 

in. 

IV. 

v. 

c. 

*. 

Bl. 

B. 

A. 

O.OOI 

— O.IIIOI 

+0.00089 

— 0.11190 

0.17 

0.005 

— 0.07240 

+0.00058 

— 0.07298 

0.08 

O.OIO 

—0.05438 

+0.00044 

—0.05482 

0.15 

0.01499 

—0.04430 

+0.00036 

—0.04466 

0.04 

0.0298 

—0.02792 

+0.00023 

— 0.02815 

0.02 

0.03994 

— 0.02108 

+0.00017 

—0.02125 

0.05 

0.049 

— 0.01700 

+0.00014 

— 0.01714 

O.OI 

0.0800 

—0.00523 

+0.00004 

—0.00527 

0.03 

O.IOO 

0.00000 

0.00000 

0.00000 

0.00 

0.1599 

+0.01059 

—0.00008 

+0.01067 

0.09 

0.400 

+0.03526 

—0.00028 

+0.03454 

0.20 

1. 000 

+0.05241 

—0.00042 

+0.05283 

0.05 

1.4988 

+0.06269 

—0.00051 

+0.06320 

.... 

2.9985 

+0.08077 

—0.00065 

+0.08142 

.... 

Throughout  the  series  the  o.iAT  calomel  electrode  formed  one-half 
of  each  cell;  the  concentration  of  the  solution  in  the  other  half  of  each  cell, 
expressed  in  mols  per  liter,  had  the  respective  values  given  in  Col.  I  of 
the  table.  Col..  II  gives  the  observed  electromotive  force,  Et,  while  Col. 
Ill  gives  the  value  of  the  liquid  junction  potential,  E\t  as  calculated  by 
the  Maclnnes  formula,2 

Ei  =  £,(/  —  lA»«), 
1  "Messuogen  elektromotorischer  Krafte  gahranischer  Ketten,"  19x1,  p.  114- 
» hoc.  tit. 
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where  nc  is  the  transference  number  of  the  cation  to  which,  in  the  case  of 
potassium  chloride,  the  value  0.496  has  been  assigned.  It  is  of  course 
quite  improbable  that  the  value  of  the  transference  number  remains 
constant  throughout  the  entire  range  of  concentration  included  in  the 
table,  but  it  may  be  assumed  to  undergo  little  change  up  to  0.2  molar 
concentration.  Column  IV  of  the  table  contains  the  electrode  potential, 
E,  i.  e.,  the  observed  electromotive  force  of  the  cell  minus  the  electro- 
motive force  developed  at  the  liquid  junction.  The  last  column  of  the 
table  contains  the  average  deviation  from  the  mean,  A,  of  each  series  of 
measurements  expressed  in  millivolts.  The  values  of  E  were  plotted  as 
ordinates  against  the  logarithms  of  the  concentrations  as  abscissas  and  a 
smooth  curve  was  then  drawn  through  the  resulting  points.  From  this 
curve  the  activity  coefficients  at  round  concentrations  were  calculated  as 
shown  in  Table  III.  In  calculating  the  activity  coefficients  it  has  been 
assumed  that  at  0.001  molar  concentration  the  numerical  values  of  the 
activity  coefficient  and  the  conductance  viscosity  ratio  are  equal.  The 
table  also  contains  the  conductance  viscosity  ratios,  Aq/Aoifo»  corre- 
sponding to  the  different  activity  coefficients. 

Table   III.— Activity   Coefficients  and   Conductance-Viscosity  Ratios   fo* 

Potassium  Chloride. 


I. 

II. 

III. 

IV. 

c. 

£. 

a. 

At/A«* 

O.OOI 

— O.III9O 

0.979 

0.979 

0.005 

—O.O7039 

O.938 

0.956 

0.01' 

— 0.O34IO 

O.907 

O.94I 

0.02 

—O.O3782 

0.855 

0.932 

0.03 

—O.O2829 

O.826 

0.9I4 

0.04 

—O.02I53 

O.805 

O.898 

0.05 

— O.OI629 

0790 

O.889 

0.06 

—O.OI200 

O.778 

O.882 

0.07 

—O.OO838 

O.768 

O.876 

0.08 

—O.OO524 

0.759 

O.87I 

0.09 

—O.OO248 

0.753 

O.866 

O.IO 

O.OOOOO 

0.745 

O.860 

0.20 

+O.OI629 

O.703 

O.827 

0.50 

+O.O3782 

O.650 

0.779 

1. 00 

+O.0541O 

O.613 

O.742 

2.00 

+0.07039 

0.577 

3.00 

+0.0799I 

0.557 

. . . 

The  data  of  the  preceding  table  are  represented  graphically  in  Pig.  1, 
together  with  the  activity  data  determined  by  Noyes1  and  Harned.* 

The  corresponding  data  for  sodium  chloride  and  hydrochloric  acid  are 
contained  in  Tables  IV  and  V,  only  the  values  at  rounded  concentrations 
being  given. 
1  Loc.cit. 
*  Tks  Journal,  38, 1990  (1916). 
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Tabib   IV.— Activity   Cogmcmirrs  and   Conductance-Viscosity  Ratios   for 


Sodium  Chloride. 

I. 
c. 

11. 

in. 

IV. 

0.00 1 

— 0.11200 

0.976 

O.976 

0.005 

•— ^.07023 

0.93a 

0954 

O.OI 

— 0.05403 

0.897 

O.936 

O.03 

— ©■ 03777 

0.845 

O.914 

0.03 

— 0.02825 

0.815 

O.898 

0.04 

— 0.02150 

0.795 

O.886 

0.05 

— 0.01626 

0.780 

0.877 

0.06 

— 0.01 198 

0.767 

O.87I 

0.07 

—0.00837 

0.75S 

O.865 

0.08 

—0.00524 

0.749 

O.860 

0.09 

—0.00247 

0.742 

0.855 

O.IO 

0.00000 

0.735 

O.848 

0.90 

-4-0.01626 

0.693 

O.816 

0.50 

+0.03776 

0.639 

0.772 

1. 00 

+0.05403 

0.602 

073S 

2.00 

+0.07029 

0.567 

3.00 

+0.07981 

0.54* 

... 

. — Activity  Co                    and  woNPucrjuffo^-viscosrry  iunoi  w%m 

I. 
C. 

chloric  Acid. 
11. 

B. 

in. 

a. 

IV. 
A*/A*i»c 

O.OOI 

— 0.11130 

O.99O 

O.99O 

0.005 

—0.07278 

O.965 

O.981 

O.OI 

— 0. 05595 

0.929 

0.972 

0.02 

—0.03910 

0.895 

O.964 

0.03 

—0.02925 

O.876 

0957 

0.04 

— 0.02226 

O.862 

0952 

0.05 

—0.01684 

O.852 

O.948 

0.06 

—0.01241 

O.844 

0944 

0.07 

—0.00867 

O.836 

094O 

0.08 

—0.00542 

O.83I 

0.936 

0.09 

—0.00256 

O.825 

0.93I 

O.IO 

0.00000 

O.82I 

0.925 

0.20 

+0.01684 

0.79I 

O.909 

0.50 

+0.04000 

O.776 

O.89O 

1. 00 

+0.05900 

O.829 

O.845 

The  transference  numbers  used  in  calculating  the  electromotive  forces 
at  the  junctions  of  the  different  solutions  were  taken  from  Noyes  and 
Falk's  compilation  of  transference  data;1  the  values  of  nc  employed  in 
the  calculations  were  as  follows:  KC1,  0.496;  NaCl,  0.396;  HC1,  0.833 
for  all  concentration  below  o .  2  molar,  and  o .  845  for  the  higher  concentra- 
tions. The  data  contained  in  Tables  IV  and  V  are  represented  graph- 
ically in  Pig.  i,  together  with  Linhart's  values  for  dil.  hydrochloric  acid. 

Since  the  error  in  the  measured  values  of  the  electromotive  force  of  the 
1  Tms  Journal,  33, 1449  (191 1). 
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different  cells  may  reasonably  be  assumed  to  be  less  than  0.0003  volt,  it 
follows  that  the  values  of  the  activity  coefficients  given  in  the  foregoing 
tables  are  probably  accurate  to  within  1%.  The  agreement  between 
the  foregoing  values  and  those  obtained  by  Jahn,1  Harned,1  Linhart,* 
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Fig.  1. — Curve  1,  activity  coefficients  of  KG;  Curve  2,  activity  coefficients  of 
NaCl;  Curve  3,  activity  coefficients  of  HC1;  Curve  4,  conductance-viscosity  ratios  of 
KC1;  Curve  5,  conductance-viscosity  ratios  of  NaCl;  Curve  6,  conductance-viscosity 
ratios  of  HQ. 

Maclnnes  and  Parker,2  Ellis2  and  Noyes  and  Ellis4  is,  in  general,  quite 
satisfactory;  the  average  deviation  from  the  mean  values  recently  pub- 
lished by  Noyes  and  Maclnnes  for  potassium  chloride  and  hydrochloric 
acid  is  approximately  5%. 
The  results  of  this  investigation  may  be  briefly  summarized  as  follows. 
(1)  It  is  apparent  in  the  case  of  each  of  the  substances  studied,  that  the 
rate  of  decrease  in  the  activity  coefficient  with  increasing  concentration, 

1 Z.  physik.  Chem.,  33,  559  (1900). 

•  hoc.  cit. 

1  This  Journal,  41, 1178  (1919)* 

« T  JWfc,  3ft  2533  (1917). 
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is  greater  than  the  corresponding  decrease  in  the  conductance-viscosity 
ratio. 

(2)  The  differences  between  the  activity  coefficients  of  the  chlorides 
of  potassium  and  sodium,  at  the  same  concentrations,  are  very  slight, 
whereas  the  corresponding  values  of  the  activity  coefficients  of  hydro- 
chloric acid  differ  appreciably  from  those  of  either  of  the  above  2  salts. 

(3)  The  activity  coefficient  curve  of  hydrochloric  add  passes  through 
a  well-defined  minimum  in  the  neighborhood  of  0.5  molar  concentra- 
tion and  thereafter  increases  rapidly  with  the  concentration.  Inspection 
of  Fig.  1  reveals  the  fact  that  a  similar,  though  much  less  clearly  defined, 
minimum  was  found  by  Harned  to  exist  in  the  activity  coefficient  curve  of 
potassium  chloride  at  approximately  2  molar  concentration.  The  present 
investigation,  however,  failed  to  confirm  the  existence  of  this  minimum. 

Discussion  of  Results. 

The  foregoing  results  furnish  confirmatory  evidence  of  the  conclusion 
which  has  been  reached  in  several  recent  investigations,  that  the  conduct- 
ance-viscosity ratio  does  not  afford  a  trustworthy  measure  of  the  activity 
of  the  ions  of  "strong"  electrolytes.  Furthermore,  the  marked  increase 
in  the  activity  coefficient  of  hydrochloric  acid,  which  occurs  beyond  0.5 
molar  concentration,  proves  conclusively  that  this  quantity  cannot  be 
proportional  to  the  degree  of  ionization. 

Recent  investigations  by  Chow1  on  potassium  hydroxide  and  by  Macln- 
nes  and  Beattie*  on  lithium  chloride,  have  revealed  the  fact  that  a  mini- 
mum occurs  in  the  activity  coefficient  curves  of  each  of  these  substances  at 
the  same  concentration  as  that  observed  with  hydrochloric  acid.  Inspec- 
tion of  the  following  table  shows  that  a  similar  minimum  occurs  in  the 
molar  freezing  point  depression  of  solutions  of  hydrochloric  acid,  lithium 
chloride  and  potassium  hydroxide  in  the  neighborhood  of  0.2  molar 
concentration,  whereas  no  such  minimum  occurs  in  the  freering  point  de- 
pressions of  the  chlorides  of  sodium  and  potassium. 

Table  VI.— Molar  Frbkhno-Point  Dbprbssions. 

Molar  Frecstaf-Pofait  Deprewton. 

A/C. 


^oncestrmuoi 
C. 

B. 

KC1. 

NaCl. 

HCL 

UC1. 

KOH. 

O.O65 

3.648 

3629 

3700 

3.612 

3706 

O.OI 

3.6x0 

3.600 

3.669 

3.598 

3684 

O.-OB 

3.564 

3.568 

3- 637 

358a 

3.655* 

•.    ®-o$. 

3*502 

3-516     - 

3.591 

3563 

3.6i* 

9-J? 

3  451 

3478 

3555 

3546 

3.56* 

0.20 

3394 

3-424 

3-56* 

3.525 

3.51* 

O.30  • 

3359 

3396 

3.6o» 

357* 

3. 50* 

"0.40 

3.354 

3375 

3.65# 

351* 

0.50 

33X4 

3-358 

3-66 

3-73* 

3.53* 

1  This  Journal,  4a,  48S  (1920). 

•Ibid., 

43, 

1 1 17,(1920), 
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With  the  exception  of  the  values  marked  with  an  asterisk,  the  data  con- 
tained in  the  foregoing  table  have  been  compiled  from  the  valuable  sum- 
mary of  freezing-point  data  published  by  Noyes  and  Falk;1  the  values 
marked  with  an  asterisk  were  taken  from  the  tables  published  by  Jones.1 

The  hypothesis  advanced  by  Jones  and  the  author*  in  explanation  of 
this  minimum  in  the  freezing-point  curve  of  a  large  number  of  electro- 
lytes was  that  a  certain  portion  of  the  solvent  was  removed  from  func- 
tioning as  such  owing  to  solvation  of  the  dissolved  substance.  Should 
solvation  tend  to  occur  in  solutions  of  hydrochloric  acid,  it  is  apparent 
that  in  a  cell  such  as  that  indicated  by  the  following  scheme, 

Hg  —  HgCl  —  o .  1  N  HQ  1 1  1 .  o  N  HC1  —  HgQ  —  Hg, 
the  removal  of  an  increasing  amount  of  water  from  the  rile  of  solvent, 
with  increasing  concentration,  would  tend  to  cause  an  increase  in  the 
observed  values  of  the  electromotive  force  above  those  calculated  by 
the  Nernst  equation,  and  therefore  a  corresponding  increase  in  the  values 
of  the  activity  coefficient  would  occur.  If  the  minima  are  due  to  solva- 
tion, we  might  reasonably  expect  a  shift  in  the  direction  of  increasing 
concentration  as  the  temperature  is  raised.  Such  is  actually  found  to 
be  the  case;  the  minima  in  the  freezing-point  curves  occur  at  o.  2  molar 
concentration  while  those  in  the  activity  curves,  based  on  measurements 
of  electromotive  force  at  25 °,  occur  at  0.5  molar  concentration.  While 
it  is  not  claimed  that  the  existence  of  similar  minima  in  toe  2  sets  of  curves 
is  to  be  ascribed  to  solvation,  or  to  any  other  common  cause,  it  is  sug- 
gested that  such  an  explanation  is  not  without  the  range  of  probability. 

The  author  hopes  to  continue  the  investigation  of  this  question  in  the 
near  future. 

Srjuaefto.  Comw. 
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A  STUDY  OF  A  DECOLORIZING  CARBON. 

By  Joseph  C.  Bock. 

Received  May  6,  1920. 

The  use  of  finely  divided  carbon  to  decolorize  solutions  is  universal. 
There  are,  however,  comparatively  few  attempts  recorded  in  the  litera- 
ture to  use  it  for  the  removal  of  substances  other  than  coloring  matters. 
While  working  on  the  removal  from  blood  of  residual  proteins  (after  heat 
coagulation)  we  tried  a  charcoal  of  vegetable  origin.  While  this  was 
found  to  remove  proteins  quantitatively,  it  also  caused  a  lowering  of  the 
non-protein  nitrogen.    As  there  are  numerous  occasions  where  decolor- 

1  This  Journal,  32, 1011  (1910). 

*  "Hydrates  in  Aqueous  Solution,"  Carnegie  Inst.  Publication  60. 

1  £.  phyrik.  Chem.,  46,  286  (1903). 
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izing  carbons  are  used  in  laboratory  procedures,  it  was  thought  of  in- 
terest to  find  out  to  what  extent  the  decolorizing  carbon  removes  nitro- 
genous and  other  constituents  from  biological  fluids.  Urine  was  used  in 
the  majority  of  these  experiments. 

The  carbon  used  in  the  present  investigation  was  a  vegetable  carbon 
called  "Norit."  It  is  obtained  from  the  manufacturer  as  a  finely  divided, 
intensely  black  powder,  perfectly  dry  and  of  very  low  ash  content.  In 
most  of  the  experiments  it  was  used  in  this  form,  no  attempt  being  made 
to  utilize  the  finer  particles  only,  although  the  investigations  of  A.  B. 
Bradley1  show  a  higher  efficiency  for  the  more  finely  divided  (124-mesh 
sieve)  carbon.  Other  conditions  being  equal,  the  material  having  the 
higher  carbon  content  should  give  the  better  result.  We  compared  the 
ash  contents  of  Norit  with  that  of  animal  charcoal  (Merck,  U.  S.  P.), 
assuming  that  the  latter  is  very  commonly  used  in  the  laboratory.  One 
set  of  determinations  was  made  on  carbon  which  had  been  treated  with 
dil.  hydrochloric  acid,  filtered  with  suction,  washed  with  water,  treated 
with  dil.  alkali  and  then  washed  to  a  neutral  reaction.  Table  I  shows 
the  analytical  results  obtained. 

Tablk  I. 
Composition  of  Decolorizing  Charcoal,  in  Percentages. 

Norit.  Animal  charcoal. 

As  purchased.  Washed.  As  purchased.  Washed. 

1 4.87  2.20  73-35  I7-I6 

2 540  .    2.17  73-13  I7-OX 

3 ...  73-65  16.95 

Aver. 5-13  2.18  7334  17.04 

Difference  as  carbon 94-77  97-82  26.66  82.96 

The  procedure  used  in  most  of  the  experiments  was  as  follows.  A  mea- 
sured quantity  of  urine  (100-200  cc.)  was  shaken  with  a  weighed  amount, 
usually  5%,  of  Norit,  and  then  filtered.  The  shaking  need  not  be  very 
prolonged  nor  especially  vigorous,  as  long  as  a  good  mixing  and  an  even 
distribution  of  the  substance  throughout  the  liquid  are  accomplished. 

The  results  are  presented  in  the  following  tables.  It  will  be  seen  from 
Table  II  that  the  total  nitrogen  is  considerably  decreased,  the  loss  amount- 

Tabkb  II. 

Effect  of  Norit  on  Urine. 

100  Cc.  of  Urine  Treated  with  5  G.  of  Norit. 


Ash 


rested  urine. 

Treated. 
Total  Nitrogen.    G. 

Low.   % 

13  265 

10.773 

18.8 

4.900 

4.162 

15.O 

9576 

8.232 

12.9 

7.140 

6.066 

15.0 

5.894 

4.85* 

15.8 

A.  B.  Bradley,  J.  Sec.  Chem.  Ind.,  38, 396  (1919). 
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Tabus  II  (continual). 

Untreated  urine. 

Treated. 

Ammonia  Nitrogen.    G. 

O.6126 

0.3199 

O.4880 

0.4550 

0.5450 

0.3560 

0.3530 

0.3050 

Urea  Nitrogen.    G. 

4-368 

4.004 

4630 

4.250 

7.490 

6.650 

Loai.   %. 

4.59 

0.67 

3.47 
1.57 

8.35 
8.20 

II. 21 


ing  to  about  15%,  the  decrease  in  ammonia  and  urea  nitrogen  being  pro- 
portional. 

A  much  larger  decrease  will  be  noted  in  the  creatinine  results,  the  loss 
amounting  to  from  50  to  90%. 


Tabls  III. 

Effect  of  Norit  on  Urine. 

100  Cc.  of  Urine  Treated  with  5  G. 

of  Norit. 

Untreated  urine. 

Treated. 

Creatinine.    G. 

ix».   % 

1. 154 

0-437 

62.13 

I.300 

0.610 

5307 

O.850 

0.095 

88.82 

O.855 

•  0.170 

80.11 

1. 50I 

0.600 

60.03 

I.470 

0.558 

62.04 

1. 316 

0.210 

84.04 

O.675 

0055 
Uric  Add.    G. 

91.85 

O.655 

Trace 

... 

O.52O 

Trace 

. . . 

O.I22 

Trace 

0.557 

0.018 

0375 

None 

. .  • 

0.3I3 

None 

Uric  acid  is  almost  quantitatively  removed.  In  the  cases  where  "trace" 
is  reported,  the  color1  in  a  liquid  column  of  about  120  mm.  or  over  was  a 
faint  blue.  Where  "none"  is  reported  the  color  was  that  of  the  "blank" 
determination. 

As  indicated  in  Table  IV,  phosphates  are  decreased  in  amounts  vary- 
ing from  12  to  39%,  whereas  only  a  small  percentage  of  chlorides  is  re- 
moved. 

1  The  Benedict-Hitchcock  method  was  used  for  the  determination  of  uric  add,  /. 
Biol.  Chem.,  20,  619  (1915). 
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Untreated  urine. 

Treated. 

Phosphates.    G.  PtO*. 

O.960 

0.716 

1-345 

0965 

I.47O 

0.970 

3.I70 

2.760 

2.950 

2.520 

I.780 

1.090 

Chlorides.    G.  NaCl. 

4.85 

475 

990 

990 

700 

6.90 

9.60 

940 

700 

6.60 

I2.20 

12.10 
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Table  IV. 

Effect  of  Norit  on  Urine. 

100  Ce.  of  Urine  Treated  with  5  G.  of  Norit 

Low.   %. 

25.41 
28.25 
34-  01 
12.93 
14.58 
38.76 

2.06 
0.00 
x.42 
2.08 
5.71 
0.81 

The  decrease  in  glucose,  Table  V,  is  comparatively  small  where  sugar- 
containing  urines  are  concerned.  If,  however,,  pure  solutions  containing 
small  amounts  of  glucose  are  treated  with  Norit,  the  removal  of  sugar 
may  amount  to  over  25%. 

Tabu*  V. 
Effect  of  Norit  on  Urine  and  Pure  Sugar  Solution. 

Loss.   %. 

545 
2.02 
0.00 
0.84 
1. 01 
2.79 
1.30 

21.95 
26.66 

23  33 
16.88 

It  should  be  mentioned  in  this  connection  that  lactose  is  removed  to 
about  the  same  extent  from  milk  as  glucose  is  from  urine.  The  milk  was 
diluted  with  water,  acidified  and  heated.  Norit  was  then  added  and 
the  mixture  filtered.  Perfectly  clear  filtrates  were  obtained  which  showed, 
however,  a  considerable  decrease  in  lactose  as  compared  with  samples 
with  which  another  method  of  protein  removal  was  employed. 

The  effects  of  adding  various  amounts  of  carbon  are  shown  in  Table 
VI.  The  loss  is  proportional  to  the  amount  of  Norit  used  in  all  cases 
except  that  of  uric  acid.    It  is,  however,  impossible  to  obtain  colorless 


Untreated  urine. 

Treated  with  5%  norit. 

Glucose.    Per  cent. 

3  30 

312 

I.98 

1.94 

1.77 

1-77 

357 

354 

1  97 

1.95 

1-79 

i-74 

307 

303 

Pure  glucose  sol. 

O.41 

0.32 

O.30 

0.22 

0.37 

0.30 

0.77 

0.64 
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filtrates  with  3%  and  in  cases  of  deeply  colored  urines  with  4%  additions 
of  Norit. 

Tablb  VI. 
Effect  of  Various  Amounts  of  Norit  on  Urine. 

100  cc.  treated  with 

Untreated  . * > 

urine.  3%  Norit.  4%  Norit.  5%  Norit. 

Total  N 7.140  6.328  6.202  6.066 

Uric  add. 0.375  Trace  None  None 

Creatinine 0.850  0.286  0.172  0.095 

In  all  cases,  we  used  the  carbon  as  obtained  from  the  manufacturer. 
A  comparison  between  effectiveness  of  such  material  and  washed  Norit 
is  shown  in  Table  VII.  The  differences  in  the  results  are  rather  small, 
but  are,  of  course,  in  favor  of  the  purified  product. 

Tabu*  VII. 
Comparison  of  the  Effect  of  Commercial  and  Washed  Norit  on  Urine. 

Total  Uric  Pho»-         Chlo- 

nitrogen.        add.        Creatinine,    phatee.        rides.      Glucose. 

Untreated  urine 8.008       0.313       0.764        1.13       8.55        1.98 

Treated  with  com'l  Norit. .. .  7.280       None        0.139        0.98       8.40        1.94 
Treated  with  washed  Norit...  7.056        None        0.123       0.96       8.55        1.94 

A  short  attempt  was  also  made  to  test  the  behavior  of  Norit  toward 
bacteria.  Bouillon  cultures  of  2  organisms  were  shaken  with  Norit  for 
a  few  seconds,  then  allowed  to  stand  for  3  or  4  minutes.  While  steriliza- 
tion was  by  no  means  complete,  there  was  a  very  marked  decrease  in 
bacterial  count.  It  may  be  possible,  as  has  been  claimed  by  one  Euro- 
pean observer,  to  effect  complete  sterilization  in  this  way.  The  matter 
will  be  further  investigated. 

Summary. 

(1)  Norit  removes,  from  urine,  ammonia-nitrogen,  chlorides  and  glu- 
cose slightly;  urea,  total  nitrogen  and  phosphates  considerably;  creatinine 
very  largely,  and  uric  add  completely. 

(2)  Adsorption  from  solution  by  solids  is  specific  and  selective.  This 
unfortunately  means  only  that  we  are  as  yet  ignorant  of  relations  which 
undoubtedly  do  exist  between  the  degree  of  adsorption,  on  the  one  hand, 
and  the  physical  and  chemical  properties  of  adsorbent  and  adsorbed 
substance  on  the  other. 

(3)  Freundlich's  simple  adsorption  formula  holds  good  for  the  two 
cases  of  total  nitrogen  and  creatinine,  given  in  Table  VI.  In  the  case  of 
pure  glucose,  Table  V,  the  experimental  errors  in  determining  such  small 
quantities  of  glucose  are  necessarily  too  large  to  test  the  adsorption  for- 
mula. Nevertheless,  Tests  1,  2  and  4  in  this  series  indicate  that  the  for- 
mula holds,  as  has  already  been  established  by  Herzog  and  others. 

(4)  When  several  solutes  are  present  in  a  solution,  each  one  of  them  is 
adsorbed  less  than  when  they  are  present  separately.    This  is  well  shown 
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in  Table  V,  where  the  amount  of  glucose  adsorbed,  when  present  alone  in 
quantities  of  2  to  3%  would  be  much  larger  than  0.05%,  since  0.09% 
is  adsorbed  at  an  initial  concentration  of  o .  46%. 

We  wish  to  express  our  thanks  to  Mr.  W.  Leitch,  of  Joseph  Bakers, 
Ltd.,  White  Plains,  N.  Y.,  for  his  help  in  procuring  the  Norit.  We  also 
wish  to  thank  Mr.  Robert  Whymper,  Bermondsey,  London,  S.  £.,  for 
his  kind  and  valued  advice. 

MU.WA0KB8,  Wncowaof. 
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Received  M»y  18,  1920. 

i.  Electrolytic  Potential. 
The  electrolytic  potential  of  arsenic,  or  the  potential  between  an  arsenic 
electrode  and  a  solution  normal  with  respect  to  arsenious  ions,  has  never 
been  accurately  determined  because  of  the  difficulty  of  determining  the 
arsenious  km  concentrations.  In  aqueous  solution  arsenious  salts  are 
strongly  hydrolyzed  and  the  metal  ion  concentration  cannot  be  deter- 
mined by  conductivity  measurements  because  of  the  presence  of  the 
acid  which  is  formed  by  the  hydrolysis.  The  conductivity  of  arsenious 
trichloride  and  hydrochloric  acid  solutions  were  measured  by  Zawidzki1 
with  results  as  shown  in  the  following  table,  in  which  V  is  the  number 
of  liters  containing  one  mol  and  A  the  equivalent  conductivity. 

v. 
z6 

3* 

These  results  show  clearly  why  conductivity  measurements  do  not  help 
in  the  determination  of  arsenious  ion  concentration.  The  ability  of 
arsenious  chloride  to  form  arsenious  cations  has,  however,  been  demon- 
strated by  Kahlenberg  and  Lincoln1  by  measuring  the  conductivity  of 
solutions  of  arsenious  chloride  in  ethyl  aceto-acetate  and  nitrobenzene. 

The  potential  between  an  arsenic  electrode  and  a  normal  solution  of 
arsenious  chloride  was  measured  by  B.  Neumann9  and  found  to  be  0.550 
volt.  From  this  value  it  has  been  estimated  by  Abegg  that  the  electro- 
lytic potential  of  arsenic  is  +0.27  volt,  using  the  scale  in  which  hydro- 

1  Zawidzki,  Ber.,  36,  1434  (1903). 

*  Kahlenberg  and  Lincoln,  /.  Pkys.  Chem.,  3,  28  (1899). 

»  Neumann,  Z.  physik.  Chem.,  14,  220  (1894). 


A. 

HCl  +  As(OH)t. 

1/ohm. 

A'. 

HC1. 

1/ohm. 

A'  — A. 
1/ohm. 

366.3 

368.5 

+2.2 

3742 

3753 

+  I.O 

3796 

3792 

—O.6 
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gen  is  zero  and  potassium  negative.  From  the  same  figures  Wilsmore1 
estimates  that  the  electrolytic  potential  is  "less  than  — 0.293  volt," 
taking  potassium  as  positive. 

In  order  to  obviate  the  difficulty  of  finding  the  arsenious  ion  concentra- 
tion it  was  decided  to  employ  the  method  used  by  Roderburg  for  tungsten 
and  also  by  Rideal  for  uranium.  For  the  measurement  of  the  electro- 
lytic potential  of  uranium  Rideal  used  a  solution  of  uranium  tetrachloride 
in  ethyl  alcohol.  The  salt  is  not  rapidly  hydrolyzed  in  cold  solution  and 
the  metal  ion  concentration  can  be  determined  by  conductivity  measure- 
ments. The  relation  between  the  electrolytic  potential  in  aqueous  and 
alcoholic  solutions  is  expressed  by  the  following  equation: 

in  which  EPW  and  EPa  are  the  electrolytic  potentials  in  water  and  alco- 
hol, respectively,  and  Pw  and  Pa  the  solution  pressures  of  the  metal  in  each 
solution.  According  to  Carrara  and  Agostini,1  the  value  for  the  fraction 
Pw/Pa  is  the  same  for  all  metals  and  for  copper  and  cadmium  EPW  — 
EPa  =*»  0.11  volt.  According  to  Roderburg  the  value  for  copper  is 
0.071  volt,  and  this  value  is  also  used  by  Rideal. 

In  the  work  described  below  dry  arsenious  chloride  was  dissolved  in 
dry  alcohol  and  the  potential  between  this  solution  and  an  arsenic  elec- 
trode was  measured.  The  degree  of  ionization  of  the  salt  was  determined 
by  conductivity  measurements  and  the  electrolytic  potential  calculated 
by  means  of  the  Nernst  equation. 

In  taking  up  this  work  the  first  thing  to  be  determined  was  whether 
or  not  arsenious  chloride  is  hydrolyzed  by  dry  absolute  alcohol.  If  such 
hydrolysis  does  take  place,  then  it  is  clear  that  during  the  process  the  con- 
ductivity of  the  solution  will  gradually  increase  on  account  of  the  hydro- 
chloric acid  which  is  formed.  The  conductivity  of  a  solution  containing 
0.0807  g.  of  arsenic  trichloride  in  50  cc.  of  alcohol  was  measured  at  differ- 
ent time  intervals  with  results  as  shown  in  the  following  table.  The  tem- 
perature of  the  solution  was  20  °. 


Time  (after  making  the  solution). 

Resistance. 

Min. 

Ohms. 

I 

743 

2 

746 

3 

74  9 

4 

75- 5 

6 

76.2 

9 

769 

H 

77-3 

24 

775 

54 

777 

1  Wilsmore,  Z.  physik.  Chem. 

35,  3x8  (1900). 

1  Carrara  and  Agostini,  Z.  Elektrochem.,  11,  385  (1905). 

- 
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It  will  be  seen  from  this  table  that  the  resistance  instead  of  decreas- 
ing, as  might  be  expected,  slightly  increased.  This  is  explained  by  the 
fact  that  arsenious  chloride  forms  an  addition  product  with  alcohol.1 
These  results  show  that  the  change  in  arsenious  ion  concentration  is 
slight  and  the  solution  quickly  comes  to  equilibrium.  The  type  of  con- 
ductivity cell  used  permitted  the  exclusion  of  air  so  that  no  moisture 
was  taken  up  by  the  solution  during  the  experiment. 

In  order  to  determine  the  degree  of  ionization  of  arsenious  chloride  it 
was  necessary  to  measure  the  conductivity  of  several  solutions  of  increas- 
ing dilution  so  that  the  value  of  \O0 ,  the  molecular  conductivity  at  infinite 
dilution,  could  be  obtained  by  extrapolation.  The  conductivity  measure- 
ments were  made  by  the  Kohlrausch  method.  The  arsenic  trichloride 
used  was  prepared  by  heating  40  parts  of  arsenious  oxide  with  100  parts 
of  sulfuric  add  to  100  °  and  adding  small  pieces  of  fused  sodium  chloride. 
The  arsenic  trichloride  was  distilled  off  and  redistilled  from  cone,  sulfuric 
acid  in  order  to  make  sure  that  it  was  dry.  The  absolute  alcohol  used 
was  redistilled  over  calcium  oxide.  Its  conductivity  was  1.56  X  io"6. 
The  results  are  shown  in  the  following  table  and  are  plotted  in  Fig.  1 
according  to  the  method  suggested  by  Kohlrausch,  where  values  of  Xi 
are  plotted  as  ordinates  and  i/-^  (<l>  =  volume  in  cc.  in  which  one  mol 
is  dissolved)  as  abscissas.  The  values  of  X  shown  below  were  corrected 
for  the  conductivity  of  the  alcohol  and  give  the  average  of  several  sets 
of  readings  in  which  both  arsenious  chloride  prepared  as  described  above 
and  a  sample  furnished  by  E.  H.  Sargent  Co.  were  used.  There  was 
good  agreement  between  the  readings  obtained  from  these  2  samples  of 
arsenious  chloride. 


.estetsoce. 
Ohms. 

X. 

l/©hm*. 

U</i. 

36.8 

535 

0.0303 

6l.O 

64.6 

0.0240 

987 

79.4 

0.0191 

1139 

87.O 

0.0x77 

33I.O 

IX8.3 

O.OXIO 

606.O 

127.2 

0.0085 

Original  solution  -  5*0340  g.  of  AsCli  per  liter. 
Temperature,  210. 

Conductivity  of  alcohol  —  1.56  X  10  ~*. 
Cell  constant  «  0.05477. 

The  value  for  X  &  obtained  by  plotting  these  points  and  extending  the 
curve  to  the  axis  is  i55.oXi/ohms. 

In  order  to  measure  the  electrode  potential  of  arsenic  in  an  alcoholic 
solution  it  was  necessary  to  prepare  an  alcoholic  auxiliary  electrode. 
The  electrode  used  by  Roderburg  and  Rideal  consisted  of  mercury  in 
1  Walden,  Z.  physik.  Chem.,  43,  438  (1903). 
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contact  with  alcohol  saturated  with  mercurous  chloride  and  Hthium 
chloride.  According  to  Roderburg  the  potential  of  this  electrode  is 
+0.193  volt-  The  arsenic  electrodes  used  were  copper  plated  with 
arsenic.    For  their  preparation  a  solution  of  5  g.  of  arsenious  oxide  in 

300  cc.  of  33%  hydro- 
chloric acid  was  elec- 
trolyzed  with  a  current 
density  of  0.15  ampere 
per  square  decimeter. 
The  deposit  of  arsenic 
was  smooth,  bright,  and 
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in  good  physical  condi- 
tion. The  following  sys- 
tem, Hg/HgCl  and  I4C1 
in  alc./AsCl«  in  alc./As, 
had  an  e.  m.  f.  of  0.153 
volt.  Therefore  the 
electrode  potential  of 
the  arsenic  was  +0.040 
volt.  The  potential  be- 
tween an  arsenic  elec- 
trode and  an  aqueous 
solution  of  the  same 
arsenious  ion  concentra- 
tion is  found  by  adding 
0.071  to  this  value, 
which  gives  0.111  volt. 
The  solution  contained 
0.176  mol.  of  arsenious 
chloride  per  liter  and  it 
was  found  by  conduc- 
Therefore,  a  =  X/X^  =  32.0/155.0 

0.0363. 


tivity  measurement  that  X  =  32.0. 

=  0.206  and  the  arsenious  ion  concentration  was  0.176  X  0.206 

By  substitution  in  the  Nernst  equation, 

e  =  e°+nFlOSC: 

the  value  e0  =  +0.138  volt  is  obtained.  Therefore,  the  electrolytic 
potential  of  arsenic  is  +0. 138  volt,  using  the  scale  in  which  hydrogen  is 
zero  and  potassium  negative.  The  measurement  was  repeated  with  a 
different  arsenic  electrode  and  a  solution  which  contained  0.0704  mol  of 
arsenious  chloride  per  liter.  In  this  case  X  was  found  to  be  46.6  and 
a  0.301.    The  calculated  value  for  eQ  was  the  same  in  this  case  as  in  the 
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first  determination,  namely,  +0.138  volt,  thus  placing  arsenic  between 
hydrogen  and  copper  in  the  electromotive  series. 

2.  Overvoltage. 

The  overvoltage  of  hydrogen  on  arsenic  was  determined  by  measuring 
the  back  e.  m.  f.,  or  polarization,  of  a  cell  which  consisted  of  a  platinum 
anode,  an  arsenic  cathode  made  as  described  above,  and  a  N  sulfuric 
acid  electrolyte.  The  area  of  each  electrode  was  one  square  centimeter. 
A  gradually  increasing  e.  m.  f.  was  applied  to  these  electrodes  until  a 
milliammeter  indicated  that  current  was  just  beginning  to  flow  through 
the  cell,  showing  that  decomposition  of  the  electrolyte  had  just  begun. 
The  polarization  of  the  cell  caused  by  this  impressed  e.  m.  f .  was  mea- 
sured and  by  means  of  an  auxiliary  calomel  electrode  the  anode  and  cathode 
polarizations,  or  overvoltages,  were  determined  separately.  Measure- 
ments were  made  by  both  the  open  and  closed  circuit  methods.  In  the 
former  the  back  e.  m.  f .  is  measured  while  the  circuit  furnishing  the  ap- 
plied e.  m.  f .  is  open.  It  is  necessary  to  make  the  readings  very  quickly 
because  depolarization  begins  as  soon  as  the  circuit  is  broken.  In  the 
closed  circuit  method  the  arm  of  the  auxiliary  electrode  vessel  is  drawn 
out  at  the  end  to  a  small  tube  which  is  bent  up  to  a  horizontal  position 
and  placed  so  that  it  almost  touches  the  cathode.  In  this  way  the  in- 
ternal resistance  of  the  electrolyte  is  largely  eliminated  and  the  potential 
between  the  cathode  and  the  calomel  electrode  can  be  measured  without 
breaking  the  main  circuit.  The  value  for  the  overvoltage  of  hydrogen  on 
arsenic  obtained  by  the  open  circuit  method  was  o .  379  volt,  while  that  by 
the  closed  circuit  method  was  0.478  volt. 

This  work  was  suggested  by  Dr.  £.  K.  Rideal  and  carried  out  under 
his  direction.  The  author  wishes  to  take  this  opportunity  to  thank  him 
for  his  many  helpful  suggestions  and  criticisms. 

Ukbaha,  III. 
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THE  LIQUID  AMMONIA-SODIUM  METHOD  FOR  THE  DETER- 
MINATION OF  HALOGEN  IN  ORGANIC  COMPOUNDS. 

By  F.  B.  Dains  and  R.  Q.  Brewster. 

Received  May  27,  1920- 

The  liquid  ammonia-sodium  method  for  the  determination  of  halogens 

in  organic  compounds  was  first  published  by  Chablay.1    This  method  had 

been  independently  developed  in  this  laboratory,  as  the  result  of  some 

observations  by  Dr.  H.  P.  Cady,  and  was  later  published  by  Dains,2 

Vaughan  and  Janney.    The  process  consists  in  dissolving  o.i  to  0.2 g. 

of  substance,  accurately  weighed,  in  30  to  50  cc.  of  liquid  ammonia  and 

1  Aim.  Mm.  phys.,  [9]  x,  469-519  (19x4)- 
*  Tbxs  Journal,  40, 936  (1918). 
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treating  the  solution  with  small  pieces  of  clean  metallic  sodium  until 
the  blue  color  formed  in  the  solution  persists  for  l/%  hour.  The  ammonia 
is  then  allowed  to  evaporate  and  the  residue  of  sodium  halide  is  taken 
up  in  water  and  the  halogen  content  determined  by  any  of  the  ordinary 
methods;1  gravimetric  analyses  give  the  most  accurate  results,  especially 
if  the  solutions  are  highly  colored.  The  chief  advantage  of  this  method 
is  that  it  is  quite  rapid  and  much  more  convenient  than  the  Carius 
method. 

Recently  C.  W.  Clifford*  made  an  investigation  of  the  accuracy  of  this 
method  and  reported  the  results  of  the  analysis  of  5  halogen-containing 
organic  compounds. 

The  first,  carbon  tetrachloride,  gave  both  qualitative  and  quantita- 
tive evidence  of  the  formation  of  cyanides.  The  second,  hexachloro- 
ethane,  also  showed  the  presence  of  cyanides  but  not  in  sufficient  amount 
to  interfere  with  the  quantitative  determination.  The  other  3  com- 
pounds, which  were  not  named,  were  evidently  cyanide-free. 

In  the  summary  of  the  article  the  statement  is  made,  "Cyanide  is  formed 
in  many  cases  by  the  treatment  of  organic  compounds  with  sodium  in 
liquid  ammonia." 

Since  Chablay  had  not  mentioned  the  cyanide  formation  and  its  pres- 
ence had  not  been  noted  in  the  relatively  large  number  of  analyses  made 
in  this  laboratory,  it  seemed  advisable  to  follow  up  this  interesting  ob- 
servation of  Clifford  and  tQ  ascertain  under  what  conditions  it  would  be 
formed  in  sufficiently  large  amounts  to  interfere  with  the  halogen  deter- 
mination. Consequently,  a  study  of  the  action  of  sodium  in  liquid  am- 
monia was  made  on  a  series  of  substances  representing  various  classes 
of  organic  compounds.    The  procedure  was  as  follows. 

Unweighed  samples  of  about  0.5  to  1 .0  g.  of  each  of  these  substances 
were  dissolved  in  about  50  cc.  of  liquid  ammonia  and  small  pieces  of 
sodium  were  added  until  the  permanence  of  the  blue  color  in  the  solution 
showed  that  an  excess  of  sodium  was  present.  After  evaporation  of  the 
ammonia  the  residue  was  dissolved  in  water  and  qualitative  tests  for 
cyanides  were  applied.  The  prussian-blue  test  was  selected  because  of 
the  ease  with  which  it  will  detect  very  small  quantities  of  cyanides. 
Throughout  the  entire  list  of  qualitative  tests  made  the  formation  of 
Prussian  blue  was  either  very  intense  or  nil.  Some  of  the  materials 
examined  contained  halogens  while  others  were  halogen-free.  The  fol- 
lowing table  of  data  shows  the  results  obtained  from  the  123  substances 
examined. 

1  This  Journal,  41, 1051  (1919). 
*Ibid.t  41,  1051  (1919). 
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Formation  of  Cyanxdss  on  Treatment  with  Liquid  Ammonia  and  Sodium. 
Negative  results  were  obtained  with  the  following: 

Aliphatic  Series. 


Hydrocarbons 

Gasoline 

Amylene 
AlkylHalides 

Methyl  iodide 

Ethyl  iodide 

Propyl  bromide  (iso) 

Propyl  bromide  (normal) 

Propyl  chloride  (normal) 

Butyl  iodide  (normal) 

Ethylene  dibromide 

Iodoform 

Hexachlorc-ethane 

Methylene  iodide 
Alcohols 

Methyl  alcohol 

Ethyl  alcohol 

Propyl  alcohol  (normal) 

Propyl  alcohol  (iso) 

Butyl  alcohol  (normal) 

Amyl  alcohol  (tert.) 

Allyl  alcohol 

Glycol 

Glycerol 
Ethers 

Diethyl  ether 
Aldehydes  and  Ketones 

Formaldehyde 

Paraldehyde,  (CHiCHO)« 

Acetone 

Butyrone,  (CiHtCOCiHt) 


Hydrocarbons 

Benzene 

Naphthalene 

Toluene 

Diphenyl 

Pinene 
Halogen  Compounds 

Chlorobenzene 

Bromobenzene 

Phenyl  iodide 

Di-bromobenzene  (1-4) 

Benzyl  chloride 

Benzal  chloride 

0-Bromotoluaxe 


Adds 

Formic  acid 

Acetic  add 

Monochloro-acetic  add 

Monobromo-acetic  add 

Trichloroacetic  add 

Oxalic  add 

Lactic  add 

Tartaric  add 

Sucdnic  add 

Alanine 
Esters 

Ethyl  formate 

Ethyl  chlorocarbonate 

Ethyl  acetate 

Ethyl  butyrate 

Ethyl  oxalate 

Ethyl  malonate 

Ethyl  acetoacetate 

Ethyl  nitrite 
Amines 

Ethylamine  hydrochloride 

Methylamine  hydrobromide 
Amides 

Formamide 

Acetamide 
Miscellaneous 

Urea 

9ff-Bromo-diphenyl-thiourea 

^Bromo-phcnyl-allyl-thiourea 

Urethane 

Casein 

Aromatic  Series. 

Azo  Compounds 
Azobenzene 
Diazo-aminobenzene 
Amino-azobenzene 


Aldehydes  and  Ketones 
Benzaldehyde 
Salicylic  aldehyde 
Anisic  aldehyde 
Quinone 
Chloranil 
Benzophenone 
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Phenols,  Alcohols,  Ethers  Adds 

Phenol  Benzoic  add 

£-Bromophenol  m-Bromobenzoic  add 

Cresol  Salicylic  add 

0-Naphthol  Sulfanilic  add 

Benzyl  alcohol  o-Toluic  acid 

Benzyl  ethyl  ether  Cinnamic  add 

Phenetol  Dibromo-cinnamic  add 
Nitro  Compounds                                        Esters 

Nitrobenzene  Ethyl  benzoate 

0-Chloro-nitrobenzene  Phenyl  benzoate 

£-Bromo-nitrobenzene  Methyl  salicylate 

^-Nitrotoluene  Phenyl  salicylate 
Amino  Compounds                                      Heterocylic  Compounds 

Aniline  Pyridine 

£-Bromo-aniline  Quinoline 

Pormanilide  Isoquinoline 

Acetanilide  Antipyrine 

£-Bromo-acetanilide  Uric  add 

£-Toluidine  Caffeine 

0-Naphthylamine  Quinine  sulfate 

Phenyl  hydrazine 

£-Phenylene-diamine  hydrochloride 

The  following  substances  gave  positive  tests  for  cyanides. 

Chloroform  Tetrachloro-ethylene 

Bromoform  Acetylene  tetrachloride 

Carbon  tetrachloride  Methyl  cyanide 

Chloral  hydrate  Benzyl  cyanide 

Bromal  hydrate  Ethyl  cyano-acetate 
Ethylidene  chloride 

In  the  cases  of  chloroform*  bromoform,  carbon  tetrachloride,  chloral 
and  bromal  hydrates,  the  formation  of  cyanides  may  be  easily  explained 
by  the  assumption  that  the  trivalent  nitrogen  has  replaced  3  negative 
halogen  atoms  with  the  loss  of  hydrogen  halide.  It  is  well  known  that 
chloroform  may  be  converted  into  potassium  cyanide  by  treatment  with 
ammonia  and  alkali  even  at  ordinary  temperatures.1 

CHCla  +  NH,  +  4KOH  -  KCN  +  3KCI  +  4H20. 

The  presence  of  cyanides  in  the  liquid  ammonia  solution  of  chloroform 
and  sodium  is  hence  to  be  expected.  Bromoform,  carbon  tetrachloride, 
chloral  hydrate  and  bromal  hydrate  resemble  chloroform  in  this  respect 

Methyl  cyanide,  benzyl  cyanide  and  cyano-acetic  ester  evidently  split 
off  sodium  cyanide  directly.* 

The  formation  of  cyanides  from  ethylidene  chloride,  tetrachloro-ethy- 
lene, and  acetylene  tetrachloride  is  not  so  easily  explained.    Presumably 

1  Richter-Spielmann,  "Organic  Chemistry/'  1,  246  (1916). 

*  Ber.,  2,  319  (1869);  /.  prakL  Chem.,  22,  264  (1880);  Ann.,  65,  269  (1848). 
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this  is  accounted  for,  first,  by  the  loss  of  hydrogen  chloride  from  the  mole- 
cule,1 followed  by  absorption  of  ammonia  and  further  loss  of  hydrogen 
chloride,  giving  a  cyanogen  compound.  In  these  special  cases,  there- 
fore, a  modified  method  of  analysis  must  be  used  in  order  to  separate 
the  cyanides  and  halides.  The  method  developed  by  Clifford  has  been 
found  to  be  satisfactory. 

Quantity  of  Cyanide  Formed  from  Halogen  Compounds. 
It  was  considered  of  interest  to  determine  whether  the  amount  of  sodium 
cyanide  produced  under  the  conditions  of  the  analysis  was  at  all  near 
the  quantity  called  for  by  the  following  equations. 

CHCla  +  NHa  +  4Na  -  NaCN  +  3NaCl  +  2H, 

CCl.CHO.H,0  +  NH3  +  4Na  = 

NaCN  +  3NaCl  +  Unknown  substances. 

Accurately  weighed  samples  of  chloroform,  bromoform,  iodoform  and 
chloral  hydrate  were  dissolved  in  liquid  ammonia  and  treated  with  a 
slight  excess  of  sodium.  After  the  ammonia  had  evaporated  the  residue 
was  dissolved  in  water  and  the  quantity  of  cyanides  formed  determined 
by  titration  to  faint  turbidity  with  standardized  silver  nitrate  solution 
in  the  weakly  alkaline  solution.  The  following  table  shows  the  percent- 
age yield  of  sodium  cyanide  calculated  for  the  theoretical  yield  accord- 
ing to  the  above  equations. 

YlSLD  OF  CyANTDBS. 
Substance.  1.  2.  3. 

%.  %•  %• 

Chloroform 48  31  33 

Bromoform 30  36  24 

Iodoform 000 

Chloral  hydrate 16.7  16.5  10.7 

It  is  apparent  that  the  quantity  of  sodium  cyanide  found  is  quite  varia- 
ble even  under  conditions  which  were  believed  to  be  very  nearly  the 
same.  This  statement  was  also  made  by  Clifford,  though  no  experi- 
mental evidence  was  given.  The  amount  of  cyanides  formed  might  be 
increased  or  decreased  by  modifying  the  conditions  of  the  analysis  but 
no  such  effort  was  made. 

Quantitative  Analysis  of  Typical  Organic  Halogen  Compounds. 
The  rather  large  list  of  qualitative  experiments  has  shown  that  cyanides 
are  formed  to  interfere  in  the  analysis  only  in  a  few  special  cases.    The 
following  list  of  quantitative  determinations  is  given  to  show  the  adapta- 
bility of  the  method  to  the  various  classes  of  organic  compounds. 

1  It  has  been  shown  by  Chablay  and  also  in  this  laboratory  that  the  liquid  ammonia- 
sodium  solution  behaves  like  alcoholic  potash  toward  an  alkyl  halide,  giving  an  uni- 
tmturated  compound  as  one  of  the  products. 
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Halogen. 

Found.  Calculated* 

Substance.  %.  %. 

Isopropyl  bromide 65 .30 

64. $1  6504 

JV-Butyl  iodide 68.51 

68.80  69.00 

Monochloro-acetic  acid 37- 58 

3725  3753 

Chlorobenzene 31 .50 

3135  3153 

Bromobenzene 50.70 

50.89  50.93 

£-Bromo-acetanilide 37-36 

3772  3740 

o-Chloro-nitrobeiLtene 22 .80 

22.42  22.52 

£-Chloro-aniline 27 .92 

27.78  27.81 

£-Bromophenol 46.50 

46.37  46.25 

m-Bromobenzoic  add 40. 10 

40.12  39  80 

Benzyl  chloride 27.85  28.03 

m-Bromo-diphenyl-thiourea 25.85 

25.96  26.03 

2-o-Chloro-phenylamino-5-methyl-dihydro-thiazole....  15.43 

15.47  1567 

Attempts  at  the  Quantitative  Determination  of  the  Cyanide  Radical  in 

Organic  Compounds. 

Since  it  was  shown  that  the  cyanogen  radical  was  split  off  the  organic 
molecule  in  liquid  ammonia  solution  by  treatment  with  sodium,  it  was 
hoped  that  this  behavior  could  be  made  the  basis  for  a  quantitative  de- 
termination of  cyanides  in  such  compounds.  Hence,  samples  of  methyl 
cyanide  and  benzyl  cyanide  were  subjected  to  analysis  by  the  general 
procedure  as  used  in  the  case  of  halogen  compounds.  The  sodium  cyanide 
formed  was  determined  by  titration  with  standardized  silver  nitrate  solu- 
tion. 

Pound.  Calculated. 

%  CN.  %  CN. 

Benzyl  cyanide 20.25 

19.50  22.2  

Methyl  cyanide. .......    9.45 

10.20 

12.50 

11.70  63.4 

These  results  indicate  that  such  a  procedure  could  not  be  utilized  for 
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the  quantitative  determination  of  organic  cyanides.  Benzyl  cyanide 
was  converted  very  largely  into  sodium  cyanide,  but  in  the  experiments 
with  methyl  cyanide  this  reaction  was  greatly  decreased.  In  the  latter 
case  the  chief  product  of  the  reaction  seemed  to  be  ethyl  amine,  resulting 
from  the  reduction  of  the  methyl  cyanide  presumably,  according  to  the 
following  equation, 

CH»CN  +  4NHa  +  4Na  -  C*H,NH,  +  4NaNH|. 
The  behavior  of  alkyl  halides  and  other  substances  with  liquid  ammonia 
alone  and  also  in  the  presence  of  sodium,  is  being  studied  and  further  re- 
sults will  be  published  later. 

Summary. 

1 .  It  has  been  shown  that  the  reaction  between  liquid  ammonia,  sodium 
and  organic  compounds,  leads  to  the  formation  of  cyanides  only  in  a  few 
special  cases  whose  nature  has  been  discussed. 

2.  A  1st  of  quantitative  determinations  of  halogen  in  various  classes 
of  organic  compounds  has  been  given  which  will  supplement  those  for- 
merly published  by  us  and  by  Chablay. 

3.  Application  of  this  method  to  the  quantitative  determination  of 
cyanides  in  organic  compounds  met  with  no  success. 

LAtnumcB,  Kaxsas. 


[Contribution  from  the  Physics  Laboratory,  State  University  of  Iowa.] 

THE  VAPOR  PRESSURE  CURVES  OF  SOLID  AND  LIQUID 
SELENIUM  NEAR  THE  MELTING  POINT. 

By  L.  E.  Dodd. 
Object  and  Scope. 
The  object  of  this  investigation  has  been  to  determine  by  the  method 
of  molecular  flow  the  saturated  vapor  pressure  of  selenium  in  the  vicinity 
of  the  melting  point.  This  required  the  determination  of  both  the  sub- 
limation curve  of  the  crystalline  solid  and  the  vaporization  curve 
of  the  liquid.  Further,  the  aim  has  been  to  find  from  these  data  values 
for  some  of  the  physical  constants  of  selenium  near  its  melting  point. 

Molecular  Flow  of  Gases  and  Knudsen's  Equations. 
Knudsen's1  equations  for  resistance  to  molecular  flow  of  gases  are,  for 
an  aperture  in  a  thin  partition, 

Wx  -  V^Mi  (1) 

and  for  a  tube 

W*  -  VW^/L0/^d/  (2) 

where  /  is  length  of  tube,  0  is  circumference,  and  A%  cross-sectional  area, 
which  may  be  variable. 

1  Knudsen,  Ann.  Physik.,  28,  75,  999  (1909}. 
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For  a  combination  of  a  thin  partition  with  an  aperture  placed  across  a 
tube,  and  the  tube,  the  total  resistance  is  W  =  W\  +  W%.  If  there  is  a 
steady  flow  of  gas  through  this  combination,  such  that  the  pressure  where 
the  gas  enters  the  tube  is  £2  and  the  pressure  where  it  issues  is  p%9  the  quan- 
tity flowing  through  in  time  /  is  given  by 

G-i/W.fa-pd-fct,  (3) 

where  G  is  weight  of  gas  in  grams,  and  p\  the  density  at  unit  pressure  and 
at  the  temperature  of  the  apparatus.  All  quantities  are  in  absolute 
units,  pi  can  be  obtained  from  the  known  density  of  the  gas  at  unit 
pressure  and  o°, 

Pi  -  0>i)o/(i  +  ai)9  (4) 

where  a  is  the  expansion  coefficient  and  t  the  temperature.  Knudsen 
verified  (1),  (2)  and  (3)  experimentally  with  the  gases  hydrogen,  oxygen 
and  carbon  dioxide. 

Application  of  the  Method  of  Molecular  Flow  to  the  Measurement  of 
Saturated  Vapor  Pressures. 

Knudsen1  used  the  method  of  molecular  flow  to  measure  the  vapor 
pressure  of  mercury  at  lower  temperatures  than  are  possible  by  other 
methods.  For  calculation  of  p\  in  this  case  he  employed  (4),  which  is 
applicable  to  any  substance  in  the  vapor  state  if  the  number  of  atoms  per 
vapor  molecule  is  known,  since 

(pi)o  -  (1409.2  X  io-»)/(2  X  i6)nA,  (4a) 

where  the  number  in  the  enumerator  is  the  density  of  oxygen  at  unit 
pressure  and  o°,  n  an  integer  expressing  the  number  of  atoms  per  molecule, 
and  A  the  atomic  weight.  He  made  2  standard  determinations  of  mercury 
vapor  pressure  at  o°  and  7°,  respectively  The  vapor  was  condensed  at 
the  temperature  of  soUd  carbon  dioxide,  so  that  pi  was  negligible.  For 
the  other  temperatures  the  vapor  was  condensed  at  o°,  and  the  standard 
value  already  found  was  used  in  this  case  for  pi. 

Following  up  this  application  of  the  method  Egerton,2  at  the  sugges- 
tion of  Nernst,  applied  it  to  determine  the  vapor  pressure  of  metallic 
zinc  and  cadmium.  To  save  time  in  these  pressure  measurements,  Eger- 
ton decreased  W  in  (1)  by  using,  instead  of  one,  several  circular  apertures 
in  parallel  in  the  same  thin  partition.  He  showed  that  the  total  resist- 
ance of  a  partition  varies  inversely  as  the  number  of  apertures.  Egerton 
used  as  many  as  17  apertures  in  parallel  with  good  results. 

The  present  work  was  a  continuation  of  some  preliminary  experiments 
by  F.  C.  Brown,  applying  this  method  to  selenium.    As  far  as  known  to 
the  present  writer,  this  is  the  first  application  of  the  method  to  a  sub- 
stance with  other  than  a  monatomic  vapor  at  the  temperatures  of  the  ex- 
1  Knudsen,  Ann.  Physik,  29,  179  (1909). 
•Egerton,  Phil.  Mag.,  33,  33  (1917)* 
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periment.  The  preliminary  results  were  spoiled  by  the  lack  of  a  high 
enough  vacuum  and  by  an  important  temperature  difference  inside  and 
outside  the  vapor  tube.  In  the  present  investigation  selenium  crystals  of 
large  size,  as  first  produced  by  Brown1  and  furnished  by  him  for  this 
work,  were  used  for  the  element  in  the  solid  state. 

Apparatus. 

The  Egerton  type  of  apparatus,  which  with  some  changes  was  used  here, 
was  a  modification  of  that  of  Knudsen.    Fig.  i  is  a  longitudinal  section 
of  the  type  of  vapor  tube  employed  for  selenium.    It  consists  of  a  glass 
tube  set  into  a  larger  one  by  a  ground  joint.    The  whole  apparatus  may 
be  called  simply  the  "tube,"  made  up  of  an  "inside  tube" 
and  an  "outside  tube."    The  latter  has  near  the  top  an 
arm  through  which  the  air  is  pumped  out.    A  lower 
chamber  is  separated  from  the  remaining  space  in  this 
tube  by  a  thin  perforated  partition  of  platinum.    The 
substance  being  studied  is  placed  below  the  partition  and 
kept  at  a  constant  temperature  in  a  suitable  oven.    The 
inner,  or  "condensation/9  tube  is  fitted  with  a  stopper 
through  which  pass  2  narrower  glass  tubes,  one  acting 
as  a  nozzle  for  the  inflow  of  a  cooling  fluid,  such  as 
water,  the  other  for  its  outflow.    The  vapor  molecules 
pass  up  through  the  partition  to  the  inside  tube,  where 
they  are  condensed  as  a  solid  deposit. 

The  vapor  tube  was  inserted  into  a  Freas  oven  through 
a  hole  drilled  in  the  top,  so  that  the  tube  projected  into 
the  oven  space  and  was  supported  in  place  by  its  arm. 
The  drilled  hole  was  lined  by  a  brass  tube  fitting  it  closely 
and  providing  a  thermally  conducting  envelope.  The 
platinum  partition  in  the  vapor  tube  extended  one  cm. 
or  more  below  the  roof  of  the  oven  chamber.    Around  ~    f 

the  brass  tube  over  this  distance,  the  wire  of  an  auxiliary 
heater  was  wound,  to  prevent  condensation  on  the  outside  tube  by  main- 
taining a  fairly  uniform  temperature  up  to  the  zone  of  deposit.  Through 
the  brass  tube  next  to  the  ceiling  of  the  oven  chamber  holes  were  drilled 
for  a  chimney  effect,  to  give  ready  access  of  oven  air  to  the  vapor  tube 
near  the  place  of  condensation. 

A  platinum  resistance  thermometer  was  hung  in  the  oven  chamber 
through  a  tube  from  above,  so  that  the  exposed  helix  of  resistance  wire 
was  within  about  one  cm.  of  the  lower  or  vaporization  chamber  of  the 
vapor  tube  when  the  latter  was  in  place.  A  mercury  thermometer  also 
was  passed  through  the  wall  of  the  oven  chamber  near  the  top,  and  its 
entire  thread  was  always  inside  the  oven.  The  bulb  was  within  2  cm. 
1  Brown,  Phys.  Rev.,  5,  236  (1915)-    See  also  Brown  and  Sieg ,  ibid.,  28, 497  (1914)  • 
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of  the  glass  wall  of  the  vaporization  chamber.  This  thermometer  was 
read  through  the  glass  door  of  the  oven,  and  an  allowance  of  0.50  was 
made  for  parallax  at  each  reading.  The  2  thermometers  thus  occupied 
very  nearly  the  same  relative  positions.  In  the  earlier  work  the  mercury 
thermometer  was  used  as  a  check  on  the  resistance  thermometer,  which 
it  was  at  first  proposed  to  use  for  the  temperature  readings  at  one-minute 
intervals,  but  it  was  unexpectedly  found  that  the  mercury  thermometer 
was  more  suited  to  the  purpose,  with  the  other  as  a  check.  Tempera- 
ture readings  were  taken  in  this  manner  for  the  present  data. 

A  small  electric  motor  outside  the  oven  operated  a  rotary  fan,  placed 
with  shaft  vertical  near  the  floor  of  the  oven  chamber,  and  with  a  diam- 
eter about  V»  the  width  of  the  oven.  Motor  and  fan  were  at  first  con- 
nected by  a  spiral  spring  belt,  but  later  by  a  shaft  with  friction  drive. 
Thorough  stirring  of  the  air  insured  freedom  from  serious  temperature 
gradient. 

Preliminary  Standardization  of  Tubes. 

A  vapor  tension  tube  such  as  described  can  be  standardized  with  some 
substance  whose  vapor  pressure  is  known,  by  applying  Equation  3,  or 
by  calculation  from  measurements  of  the  tube  dimensions  according  to 
Equations  1  and  2. 

Effect  of  Poor  Vacuum  on  Tube  Resistance.1 — Comparison  of  Equa- 
tions 1  and  2  with  results  by  the  first  method  showed,  as  expected,  that  a 
poor  vacuum  introduces  serious  error.  The  effect  of  an  air  pressure  large 
enough  to  render  inapplicable  the  Knudsen  expressions  is  shown  in  Table 
1(a).  The  resistance  with  roughly  constant  air  pressure  in  the  tube  in- 
creases rapidly  with  the  temperature,  due  to  the  collisions  of  the  mercury 
molecules  with  those  of  the  air.  . 

Validity  of  the  Knudsen  Equations  with  Good  Vacuum  Conditions. — 
Of  the  two  methods  for  determining  tube  resistance  the  second  is  more 
accurate,  as  Egerton  points  out,  unless  with  the  first  method  the  mean 
of  quite  a  number  of  determinations  should  be  taken.  It  is  compara- 
tively easy  to  make  accurate  measurements  of  the  dimensions  for  calcula- 
tion of  W  in  the  second  method. 

The  first  method,  however,  was  used  in  a  preliminary  checking  of  Equa- 
tions 1  and  2,  with  mercury  as  the  standardizing  material.  Two  tubes 
used  earlier  in  the  work  were  standardized  in  this  wy.  For  Tube  A  the 
values  of  W  given  in  Table  1(b)  were  obtained  with  theL  angmuir  pump. 
The  mean  value  for  this  tube  was  40.4  absolute  units.  The  diameter 
of  the  circular  apertures  in  the  platinum  partition  was  very  nearly  2  mm. 
This  value  of  the  area  gives  40.0  units  for  W9  leaving  but  0.4  unit  for 
Wt,  for  which  2  units  woiild  have  been  more  nearly  correct.  This  would 
require  38.4  units  for  Wu  or  a  diameter  of  2.04  mm.  for  the  apertures. 
1  Dodd.  Phys.  Rev.,  xx,  242  (1918). 
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Comparison  of  the  diameter  values  for  Tubes  D,  E,  F,  indicates  that  tjie 
diameters  in  Tubes  A  and  B  were  likewise  above  2  mm. 

Table  I.— Verification  op  Knudsen's  Equations. 
(a)  Tube  B,  6  apertures.    Poor  vacuum. 

Remarks. 


Temp.  •  C. 

1 

P.  aba.  vote*.                       Dei 

termination*  averi 

87 

227 

1? 

97 

294 

3 

106 

329 

3 

120 

629 

2 

129 

771 

3 

(Approximate  calculated  value  of 

W  -  15 

units.) 

(b)  Tube  A,  2  apertures. 

Good  vacuum. 

Run  No. 

Temp.  •  1 

2. 

W  aba.  units. 

I 

80 

41.3 

2 

So 

444 

3 

80 

377 

4 

80 

37.4 

5 

90 

42.O 

6 

90 

41. 1 

7 

90 

40.5 

8 

96 

4*  .7 

9 

94 

37.« 

10 

96 

44.S 

11 

70.5 

42.0 

12 

70 

37.o 

13 

70 

'  41 .6 

*4 

70 

36.2 

15 

70 

58.8 

16 

76 

3»«5 

Mean,  40.4 
(Approximate  calculated  value  of  W  «  40  units.) 

That  with  good  vacuum  the  effect  of  temperature  on  tube  resistance 
is  negligible  was  thus  confirmed,  and  further,  the  value  agreed  with  the 
Knudsen  equations. 

Calculation  of  Tube  Resistances  by  Knudsen's  Equations. 

Calculation  of  Wu — For  the  aperture  measurements  an  enlarged 
photograph  was  made  of  the  platinum  partitions,  with  the  glass  broken 
away  sufficiently  to  expose  them.  A  millimeter  scale  was  included  in 
the  photograph,  for  determining  magnification.  Measurements  of  diam- 
eters were  made  with  Vernier  calipers.  The  total  aperture  area  for  each 
tube  was  equal  to  A  in  Equation  1.  Careful  measurements  of  the  indi- 
vidual apertures  should  have  been  carried  out  before  the  platinum  parti- 
tions were  sealed  into  the  glass  tubes.  This  was  not  done,  as  the  holes 
were  designed  to  be  exactly  2  mm.  diameter.  Unfortunately,  the  method 
used  in  cutting  them  permitted  slight  departures  from  this  specifica- 
tion. 
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Calculation  of  W+ — The  value  of  W2  in  (2)  was  determined  for  each 
tube  from  interior  measurements  of  the  dimensions.  For  the  integra- 
tions a  tube  was  regarded  as  divided  conveniently  into  4  parts,  each 
part  contributing  its  share  of  Wt.  Thus,  Wt  -  Wa  +  Wb  +  Wc  +  Wd. 
In  calculating  Wt  it  was  necessary  to  decided  what  point  should  be  taken 
as  the  upper  limit,  since  the  selenium  condensed  not  only  on  the  hemi- 
spherical end  of  the  condensation  tube,  but  to  some  degree  spread  up 
the  sides.  This  upper  limit  of  the  part  of  the  tube  regarded  as  offering 
resistance  to  molecular  flow  was  then  taken  as  "the  place  of  the  deposit." 
The  upper  limit  was  in  all  cases  put  at  one  cm.  from  apex  of  condensa- 
tion tube.  This  was  done  after  a  careful  observation  of  the  distribution 
of  the  condensed  material,  especially  after  the  tube  had  been  in  con- 
tinuous operation  for  an  unusual  length  of  time  so  that  the  thickness  of 
the  deposit  was  easily  measured  at  various  points  with  micrometer  micro- 
scope, subsequent  to  breaking  the  deposit  shell  partially  away  from  the 


Experimental  Procedure. 

The  procedure  in  taking  a  measurement  of  vapor  pressure  was  first 
to  place  the  tube  in  the  oven,  at  the  same  time  starting  the  flow  of  tap 
water  through  the  condensation  tube.  The  pump  system  was  not  con- 
nected with  the  vapor  tube  until  it  had  reached  equilibrium  tempera- 
ture. At  least  15  minutes,  and  usually  more,  was  allowed  for  this,  un- 
doubtedly more  than  was  necessary.  The  oil  pump  was  then  started 
and  the  pressure  went  down  in  2  or  3  minutes  to  where  the  Gaede  pump 
could  be  started.  When  this  pump  ceased  to  throw  air  up  through  the 
mercury  at  the  revolving  drum  the  time  count  by  ordinary  watch  was 
begun.  The  apparatus  was  then  allowed  to  run  for  30  minutes,  usually 
longer.  Temperatures  were  read,  as  stated,  at  one-minute  interval, 
and  to  0.50,  and  time  was  again  read  when  air  was  let  into  the  tube  by 
disconnecting  the  short  length  of  thick-walled  rubber  tubing  between 
vapor  tube  and  glass  tubing  connecting  with  Langmuir  pump.  The 
vapor  tube  was  then  removed  from  the  oven,  the  inside  tube  removed 
from  its  place,  and  the  selenium  deposit  scraped  off  on  a  previously  weighed 
filter  paper  and  weighed. 

Data  and  Curves. 

Data  have  been  obtained  for  the  vaporization  curve  of  liquid  selenium 
and  the  sublimation  curve  for  the  hexagonal  crystals.  Equation  3  was 
appUed  in  the  form 

p  =  W.iHfrG/t,  (5) 

where  pi  in  Equation  3  has  been  neglected,  since  the  vapor  pressure  of 
selenium  at  the  condensation  temperature  must  have  been  negligible 
compared  with  that  near  the  melting  point,  some  200  °  higher.  The 
condensation  temperature  was  fairly  constant  at  about  17°,  and  was  that 
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of  the  tap  water  used  for  cooling.  For  the  temperature  corresponding 
to  a  given  pressure  measurement,  and  determining  the  value  of  p*,  the 
mean  of  the  one-minute  readings  was  taken.  This  average  tempera- 
ture was  regarded  as  equal  to  a  constant  temperature  that  would  have 
given  the  same  amount  of  condensed  material.  The  mean  value  was 
subjected  to  2  corrections,  one  for  thermometer  calibration,  the  other 
for  difference  in  temperature  inside  and  outside  the  vaporization  cham- 
ber of  the  tube.  Both  the  mercury  and  the  resistance  thermometers 
had  been  standardized  at  the  boiling  point  of  c.  p.  naphthalene  (Bureau 
of  Standards  sample)  and  the  freezing  point  of  water.  Calibration  was 
carried  out  under  the  same  conditions  as  prevailed  when  the  thermo- 
meters were  in  use  in  the  oven.  Both  corrections  of  the  mean  tempera- 
ture for  a  pressure  measurement  were  conveniently  made  from  a  total 
correction  curve.  Since  each  of  the  2  corrections  is  represented  by  a 
linear  relation  the  total  correction  is  similarly  represented. 

The  factor  p%  in  Equation  5  was  evaluated  graphically.  The  constant 
in  Equation  4,  (pi)o»  was  found  for  selenium  by  putting  n  =  2,  and  the 
vapor  pressure  curves  as  here  presented  were  plotted  on  this  basis  (see 
later  discussion). 

The  data  as  thus  treated  are  assembled  in  Table  II,  for  the  "F  series" 
of  the  selenium  crystals  and  the  "6  series"  of  the  liquid,  together  with 
data  for  some  check  measurements.  The  2  letters,  E  and  F,  indicate  the 
vapor  tube  concerned  in  each  case.  The  F  series  consisted  of  n  suc- 
cessive measurements,  or  "runs,"  under  best  conditions,  and  the  E  series, 
with  the  exception  of  2  runs  omitted  due  to  experimental  conditions 
going  wrong,  of  30  successive  measurements. 

A  plotting  of  the  p  and  T  values  as  thus  computed  is  inadequate  for 
locating  the  melting  point  with  any  precision,  even  if  it  indicated  the 
presence  of  a  change  in  slope  in  the  general  curve,  for  this  change,  as  is 
well  known,  is  slight.  But  there  is  found  from  the  present  data  a  de- 
cided difference  in  the  characteristics  of  the  2  curves  when  log  p  is  plotted 
with  i/7\  This  form  is  suggested  for  short  temperature  ranges  by  the 
first  latent  heat  equation,  as  shown  later,  if  L  is  regarded  as  constant. 

Egerton  treated  his  data  in  this  manner.  His  temperature  range  for 
zinc  was  1060  and  for  cadmium  1340.  The  lowest  temperature  in  the 
first  instance  was  1620  below  the  melting  point,  while  in  the  second  it 
was  182  °  below.  His  plotted  results  showed  some  departure  from  a 
straight  line,  as  might  be  expected.  Assuming  Kirchhoff's  equation,  after 
a  preliminary  assumption  of  a  value  f or  C  in  Equation  11,  he  could  find 
the  constants  A  and  B  by  applying  the  relation  at  2  experimental  tem- 
peratures. In  Egerton's  work  there  was  a  gap  of  56  °  between  the  high- 
est temperature  and  the  melting  point  for  zinc,  and  of  48  °  for  cadmium, 
and  the  relation  for  p  and  T  had  to  be  assumed  over  this  gap  to  solve 
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Table  II. — Vapor  Pressure  Data. 

(a)  P  series,  hexagonal  crystals  of  selenium. 

Tube  F,  W  «  12.41;  thermometer  J. 


Run 
No. 

Aver. 

temp., 

•c. 

Corr. 

temp., 
°C. 

T, 
°abs. 

Total 
time, 
sees. 

G, 

G/t, 
X10«. 

xio-«. 

P 
bars. 

xio«. 

log*  P. 

I... 

205.3 

193.6 

466.6 

3000 

O.0300 

o.xooo 

1.566 

1.94 

2.143 

O.2378 

2... 

209.8 

197.6 

470.6 

2760 

O.0422 

0.1525 

1.573 

2.98 

2.124 

0.4742 

3... 

212.6 

200.3 

473  3 

2205 

O.0396 

0.1795 

1.577 

351 

2. 112 

0.5453 

4... 

215   9 

203.2 

476.2 

2370 

O.0506 

0.2130 

1.582 

4.18 

2.099 

O.6212 

5... 

217. 1 

204.4 

477  4 

26lO 

O.0666 

0.2550 

1.584 

5.OI 

2.004 

O.6998 

6.. 

219.4 

206.5 

479  5 

2445 

O.0690 

0.2825 

1.588 

5.57 

2.085 

0.7458 

7-. 

222.0 

208.9 

481.9 

2130 

O.0690 

0.3240 

1592 

6.40 

2.075 

O.8062 

8... 

223.9 

2X0.6 

483.6 

2025 

O.0800 

0.3950 

1.594 

7.81 

2.067 

O.8926 

9... 

225.9 

212.5 

485.5 

20IO 

O.0956 

0.4650 

1598 

9.22 

2.059 

O.9647 

zo... 

227.5 

214.O 

487.O 

1830 

O.0914 

0.5000 

1 .600 

992 

2.053 

O.9065 

11... 

229.1 

215  5 

488.5 

207O 

0.1 140 

0.5500 

1.620 

II.05 

2.047 

1.0433 

(b)  B  series,  liquid  selenium. 

Tube  E,  6  apertures,  W  = 

»  11.46,  thermometer  J. 

No. 
Ron. 

Aver, 
of  temp 
•C. 

Corr. 

T 

°abs. 

Total 
time, 
sees. 

C. 
K. 

G/t 

xio«. 

xio-*. 

bars. 

i/r 
xio». 

log.  p 

I... 

231.7 

22I.O 

4940 

2055 

O.1360 

0.66x8 

1 .611 

12.22 

2.024 

1.0870 

2... 

229.8 

2I9.O 

492.0 

2950 

O.2086 

O.7071 

1.680 

I3.6I 

2.032 

1. 1338 

3... 

238.6 

228.O 

50I.0 

2520 

0.2184 

O.8666 

1.623 

I6.I2 

1.996 

1.2074 

4... 

237  4 

226.8 

4998 

2400 

0.2430 

I .0125 

1. 621 

18.80 

2.001 

I. 2741 

5-.. 

244.1 

2337 

506.7 

2430 

0.3408 

1 .4024 

1.632 

26.22 

1973 

1 .4186 

6... 

248.3 

238.O 

511. 0 

2355 

0.3984 

I. 6917 

1639 

31.77 

1.957 

1.5020 

7... 

242.I 

231.7 

5047 

22IO 

0.2826 

1 .2787 

1.629 

2387 

1. 981 

1 .3778 

8... 

241.7 

231.2 

504.2 

2520 

0.3000 

1. 1904 

1.628 

22.20 

1983 

1.3463 

9... 

242.5 

232.O 

505.0 

2400 

0.3034 

I.2640 

1.630 

23.61 

1.980 

I  3731 

10... 

240.I 

229.6 

502.6 

2400 

0.3000 

I.2500 

1.626 

23.29 

1.989 

1 .3672 

11.. 

233  3 

222.7 

495-7 

2355 

0.2046 

O.8687 

1 .614 

16.06 

2.017 

I.2057 

12.. 

232.9 

222.2 

495  2 

2470 

0.2130 

O.8623 

1. 613 

15  935 

2.019 

1.2022 

13.. 

235  4 

224.8 

497-8 

2400 

0.2430 

I  .OI25 

1. 618 

18.68 

2.009 

I  .27H 

I4-. 

234.7 

224.O 

497.0 

2460 

0.2360 

0.9593 

1. 616 

17.77 

2.012 

1.2497 

15.. 

234  O 

223  4 

496.4 

2400 

0.2240 

0.9333 

1. 615 

17.27 

2.014 

1.2373 

16.. 

238.3 

227.7 

500.7 

2400 

0.2536 

I .0566 

1.622 

19.64 

1.997 

I .2931 

17.. 

.  238.O 

227.5 

500.5 

2370 

0.2556 

I .0784 

1 .622 

20.05 

1998 

I .3021 

18.. 

.   236.O 

225   5 

498.5 

2400 

0.2424 

I  .OIOO 

1.619 

18.73 

2.006 

I .2725 

19.. 

.   236.4 

225.8 

498.8 

1930 

0.1926 

0.9979 

1. 619 

18.51 

2.005 

1.2674 

20.. 

•   235  4 

224.8 

497-8 

2910 

0.2936 

1 .0089 

1. 618 

18.70 

2.009 

1. 2718 

21.. 

•  2345 

223.8 

496.8 

2430 

0.2534 

I.0427 

1. 616 

19.31 

2.013 

1 .2858 

22.. 

.   237.2 

226.6 

499.6 

2460 

0.2866 

1 .  1650 

1 .621 

21.63 

2.001 

1 .3350 

23.. 

.  2348 

224.I 

497.1 

1830 

0.1642 

O.8972 

1 .617 

16.62 

2.012 

I .2206 

24.. 

•  233.9 

223.2 

496.2 

2385 

0.2116 

O.8872 

1. 615 

16.42 

2.015 

1. 2154 

25.. 

.   232.O 

221.3 

4943 

2400 

0.2078 

O.8658 

1.612 

15.99 

2.023 

x  .2038 

26.. 

.   232.6 

222.0 

495.0 

2400 

0 . 1952 

O.8133 

1. 613 

15.03 

2.020 

1. 1769 

27.. 

.  235.1 

224.5 

497  5 

2430 

0.2286 

0.9407 

1. 617 

17  43 

2.0x0 

1. 2413 

28.. 

.   2345 

223.9 

496.9 

24OO 

0.2160 

O.900O 

1. 616 

16.67 

2.0x2 

1 .2219 

29.. 

■   236.7 

226.2 

4992 

2430 

0.2418 

1 .0197 

1 .620 

18.92 

2.003 

1.2769 

30.. 

.   238.7 

228.2 

501. 1 

2400 

0.2964 

1 .2350 

1.623 

22.97 

1995 

I .3611 
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(c)  Check  Measurements. 


No.  of 

»per- 

Tube  tores. 

IF 

Ron 
No. 

Aver, 
temp. 

Corr. 
temp. 

Total 
time, 
sees. 

G 

G/t 

X  io«. 

x  io-«. 

p 

bars. 

E       7 

II.46 

Eai 

2X9.7 

208.6 

3600 

O . I050 

O.2916 

x.591 

5.31 

D        7 

IO.87 

Dai 

228.1 

214.O 

2415 

O.O966 

O.4000 

1.600 

6.95 

D        7 

IO.87 

Dft2 

218.6 

204.6 

2190 

O.O36O 

O.1643 

1585 

2.83 

C        2 

36.74 

Ci 

«43* 

228.7 

2600 

O.O988 

O.380 

1.624 

22.67 

C        2 

36.74 

C2 

243.O 

228.5 

2460 

0.0820 

0.333 

1 .624 

1987 

for  the  pressure  at  the  melting  point.  In  the  present  work  the  range 
for  the  solid  was  roughly  25  °,  and  for  the  liquid  15  °,  while  the  pressure 
measurements  were  carried  to  within  2  or  30  of  the  melting  point  in  both 
parts  of  the  experiment,  so  that  dependence  need  not  be  placed  to  any 
appreciable  extent  on  an  extrapolated  curve  for  computations  at  the 
melting  point. 

The  log  p  and  i/T  relations  from  the  present  data  for  selenium  and  for  a 
diatomic  vapor  are  at  least  approximately  linear,  and  there  is  a  decided  dif- 
ference in  slope  between  the  two  curves.  To  the  extent  that  the  relations 
can  be  regarded  as  linear  and  constants  found  on  this  basis,  the  melting 
point  can  be  located  with  precision.  But  since  the  data  have  been  ob- 
tained so  near  the  melting  point,  considerable  precision  in  locating  it  is 
to  be  expected  anyway,  as  the  extrapolation  is  not  extensive.  Even  if 
the  results  thus  plotted  are  segments  of  curves  that  are  not  linear,  their 
slopes,  readily  found  graphically,  cannot  differ  appreciably  from  the 
slopes  of  the  true  curves  over  the  experimental  temperature  ranges, 
that  is,  in  a  limited  region  including  the  melting  point. 

Table  III. 

(P)nm.p.  Lu  U.  U  idP/dT)x        {dp/4T)t 

ft.  /.  bora.  calories  per  gram.  ban  per  degree. 

2           ...  12.68  135.5  83.9  2x9.4  0-57  1.05 

4  O.707  8.95  67.7  42.O  IO9.7  O.4O  O.74 

6  O.577  7.31  45.I  28.0  73.X  O.33  O.60 

8  O.500  6.34  33.9  20.9  54.8  O.28  O.52 

IO  O.447  5.66  27.1  16.8  43.9  O.25  0.46 

12  0.408  5.17  22.6  14.0  36.6  0.23  0.42 

Data  for  the  log  p  and  i/T  relations  are  given  in  Table  III.  For  the 
P  series  the  location  of  the  mean  straight  line  was  quite  easy.  Even  for 
the  E  series  for  the  liquid,  where  the  plotted  points  are  more  erratic  than 
in  the  P  series,  there  can  be  little  doubt  in  locating  the  mean  straight 
line  when  this  is  based  on  the  points  with  lower  values  of  mean  tempera- 
ture deviation  during  a  rim,  or  those  where  the  deviation  was  less  than 
0.3%.  These  points  were  16  in  number,  viz.,  5,  6,  8,  11,  13,  15-19,  22, 
24-28.  While  temperature  variation  was  not  the  only  source  of  error 
more  confidence  was  placed  in  those  runs  where  this  variation  was  not 
large.  At  any  rate  the  points  for  the  remaining  runs  group  themselves 
well  about  the  mean  straight  line  as  thus  drawn,  particularly  points  4,  7, 
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9,  14.  The  points  lying  farthest  removed  from  the  line  above  it,  with 
the  single  exception  of  22,  had  larger  temperature  variation,  viz.,  10,  13, 
20,  29,  30.  The  points  corresponding  to  the  first  3  runs  of  the  series 
may  be  neglected,  as  the  required  vacuum  was  slowly  reached  in  all  3, 
due  probably  to  gases  coming  off  from  the  molten  selenium.  In  the  4th 
run,  however,  the  vacuum  was  not  readable  on  the  McLeod  gage  after  7 
minutes.  Vacuum  conditions  for  the  6  runs  of  larger  temperature  varia- 
tion were  good,  with  the  possible  exception  of  20,  but  even  in  this  case 
they  were  obviously  not  poor  enough  to  interfere  with  molecular  flow. 
The  mean  straight  line  as  determined  from  the  16  points  of  lower  tem- 
perature deviation  was,  therefore,  accepted. 
The  equations  for  the  2  lines  are, 

F  series:  log  p  =  — 7644  X  i/T  +  16.692  (6) 

E  series:  log  p  =  —4722  X  i/T  +  10.733  (7) 

The  values  for  y  and  x  for  the  point  of  intersection  give,  respectively, 
/V  p.  in  abs.  units,  and  the  melting  point  itself  on  the  absolute  scale.    As 


thus  found,  pa 
217. 40. 
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Fig.  2. 


The  exponential  relations  corresponding  to  Equations  6  and  7  are  of 
the  form 

p  =    10P+*/T>   «  Cl  IQ«/r  (g) 

where  m  is  the  slope  and  b  the  ^-intercept  of  the  log  p  and  i/T  line  whose 
equation  is 

logp  =  m.i/T  +  b  (9) 

Equations  8  and  9,  with  the  numerical  values  above,  are  empirical  ex- 
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pressftoos  for  the  temperatures  of  the  present  experiments,  and  on  the 

basis  of  a  diatomic  vapor. 
From  the  slopes  of  these  2  lines,  Fig.  2,  the  slopes  of  the  p  and  T  curves 

may  be  found  by 

dp/dT  -  —  2.3  m/T*  X  io(*+m/r)  bars/degree  (10) 

The  values  at  the  melting  point  were, 

for  the  solid,    dp/dT  =  1 .050  bars/degree 
for  the  liquid,  dp/dT  =  0.573  bar/degree 

The  two  p  and  T  curves  assembled  in  Fig.  3  were  plotted  from  Equation 

8.    The  triangles  indicate  points  computed  from  the  empirical  expressions. 
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Five  check  values  of  pressure,  with  different  tubes,  are  given  with 
data  in  Table  11(c).  The  3  check  values  for  the  solid  curve  are  all 
low  for  reasons  known.  Check  measurements  C\  and  C%  were  of 
most  value,  for  they  were  obtained  with  a  tube  having  but  2  apertures 
as  contrasted  with  Tube  E  with  7  apertures.  It  was  desired  to  make 
more  check  measurements  with  this  tube  at  different  temperatures,  but 
unfortunately  an  accident  during  a  third  run  destroyed  the  platinum 
partition.  But  the  2  measurements  C\  and  Cs  are  regarded  as  satisfac- 
tory. In  addition  there  was  the  check  on  the  method  in  the  preliminary 
work  with  mercury  already  described. 

Sources  of  Error. 

There  are  various  sources  of  error  in  the  molecular  flow  method  as 
here  used,  some  of  them  of  sufficient  importance  to  be  particularly  guarded 
against. 
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To  prevent  serious  temperature  gradient  in  the  oven  a  fan  was  operated 
as  described.  The  temperature  during  a  run  was  as  constant  as  the 
thermostat  of  the  oven  gave.  The  average  deviation  from  the  mean  for 
all  41  measurements  of  both  series  was  0.357%.  The  pressure  value  is 
affected  by  temperature  variations  in  2  ways,  directly  through  pi,  and  in- 
directly by  giving  an  experimental  value  of  G  that  does  not  correspond 
to  the  mean  tube  temperature  and  is  likely  to  be  too  large,  for  the  pressure 
of  a  saturated  vapor  rises  more  rapidly  than  the  temperature.  Error 
through  pi  can  be  neglected,  since  this  factor  is  but  slowly  variable  with 
temperature.  As  to  the  error  through  G,  the  indications  are  that  it  is 
small. 

The  important  temperature  correction  for  difference  mode  and  outside 
the  tube  at  the  vaporization  chamber  was  made  for  Tubes  D,  E,  F,  with 
c.  p.  tin  and  silver  nitrate  crystals  as  standardizing  materials.  These 
were  used  inside  evacuated  thin-walled  glass  Tubes  as  usual  for  melting 
point  determinations.  They  were  suspended  one  at  a  time  in  the  cen- 
tral part  of  the  vaporization  chamber  with  the  vapor  tube  in  the  oven  as 
for  a  pressure  measurement.  The  melting  points  of  these  substances 
were  taken  at  232  and  209  °.  In  future  work  a  thermocouple  sealed  into 
the  vapor  tube  might  be  found  useful  and  preferable. 

The  method  of  molecular  flow  requires  a  good  vacuum,  otherwise  the 
tube  resistance  cannot  be  regarded  as  constant,  as  already  shown.  In  the 
present  work  the  vacuum  soon  reached  a  desirable  degree,  0.00005  mm. 
or  better,  as  indicated  by  the  McLeod  gage,  which  became  useless  for  pre- 
cise reading  of  the  lower  pressures  obtained. 

Another  difficulty  in  this  method  is  the  uncertainty  regarding  when  to 
begin  the  time  count.  Ideally  the  vacuum  would  reach  the  desired  de- 
gree at  the  time  zero,  and  the  error  will  be  least  when  this  time  is  a  mini- 
mum. Experience  has  shown  that  the  Langmuir  pump  reduces  the 
pressure  in  the  vapor  tube  to  a  value  permitting  molecular  flow  in  a  brief 
interval,  varying  somewhat,  possibly  because  of  various  amounts  of  ad- 
sorbed gases  coming  from  the  apparatus  itself  and  so  depending  to  some 
degree  on  the  time  of  standing  of  the  tube  between  runs.  But,  as  a 
general  rule,  after  6  minutes,  when  the  McLeod  gage  was  usually  read 
for  the  first  time  in  a  run,  the  pressure  was  less  than  0.0002  mm.,  much 
below  that  necessary  for  molecular  flow.  In  several  cases  noted,  par- 
ticularly E4,  the  vacuum  was  not  readable  after  7  minutes.  But  a  study 
of  the  results  shows  no  consistent  variation  with  time  of  run. 

For  most  precise  measurement  of  aperture  areas  they  should  be  per- 
fectly circular,  which  was  not  completely  realized.  Since  W%  was  in 
no  case  greater  than  16%  of  W\  any  departure  of  the  tube  from  the  cylin- 
drical has  been  neglected.  Integration,  however,  was  carried  out  for 
change  in  shape  of  cross-section.    The  distance  the  deposit  spreads  up 
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the  sides  of  the  tube  increases  somewhat  with  temperature,  but  this  slight 
increase  was  neglected,  as  was  likewise  any  error  in  W%  due  to  error  in 
dimensional  measurements.  There  may  be  some  error  in  the  resistance 
values  due  to  locating  the  place  of  condensation  in  the  manner  already 
described,  but  no  attempt  has  been  made  to  correct  for  it.  A  test  of  the 
chemical  balances  showed  an  error  of  0.3%,  also  neglected. 

Adsorbed  moisture  gathered  on  the  deposit  between  time  of  re- 
moval from  condensation  tube  and  time  of  weighing.  Evidence  of  this 
was  obtained  on  a  humid  day.  For  £3  the  weight  of  the  deposit  had 
increased  0.91%  in  1  hour,  and  2 . 1%  in  2  hours  following  the  first  weigh- 
ing; £4  had  increased  1.56%  in  2  hours;  £5,  0.41%  in  2  hours;  while 
£6,  permitted  to  stand  all  night  for  a  test  weighing,  showed  no  change 
in  11  hours.  Evidently  the  humidity  fell  as  the  day  advanced.  £io, 
a  run  made  2  days  afterward,  showed  an  increase  of  0.47%  in  over  2 
hours  following  the  first  weighing,  and  £13,  made  later  in  the  same  day, 
showed  a  0.41%  increase  in  11  hours.  Usually  the  time  elapsing  from 
removal  of  tube  from  oven  until  the  weighing,  amounted  to  from  10  to 
40  minutes.  Measurements  were  not  taken  to  determine  this  disturbance 
in  all  cases.  It  was  noticeable  that  even  with  £3,  where  the  adsorption 
rate  appeared  to  be  a  maximum,  the  plotted  point  on  the  p  and  T  dia- 
gram was  low,  due  to  other  causes  which  more  than  offset  error  due  to 
adsorption. 

It  was  assumed  that  the  outside  tube  was  kept  at  the  same  tempera- 
ture, at  least  up  to  a  point  opposite  the  place  of  deposit  on  the  condensa- 
tion tube.    The  precautions  taken  have  been  described. 

The  Kirchhoff  Equation. 
The  Kirchhoff  equation  has  the  form 

logp  =  A  —  ClogT  —  B/T.  (n) 

It  may  be  derived  from  the  Clapeyron-Clausius  equation  by  integration 
after  assuming  a  linear  relation.  By  assuming  certain  constants  for  this 
relation  there  is  obtained 

logp  -  k/2.z  —  L0/2.zR^i/T—{c  —  cp)/Ri\og  T      (12) 
proposed  by  Hertz  for  mercury. 

Knudsen  found  that  this  form  applied  to  empirical  results  at  higher 
temperatures,  when  extrapolated  gave  pressure  values  in  good  agree- 
ment with  those  obtained  by  him  at  lower  temperatures  by  the  molecu- 
lar flow  method.  He  used  for  mercury  the  value  o .  847  for  C  in  Equation 
11,  from  experimental  values  of  the  specific  heats.  Egerton  assumed  for 
both  zinc  and  cadmium  the  simpler  value  of  o .  5  for  this  constant,  based  on 
theories  of  Boltzmann,1  where  both  solid  and  vapor  are  monatomic. 
1  Partington,  "Thermodynamics,"  1914,  p.  17. 
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While  admitting  that  this  value  cannot  be  true  Egerton1  justified  it  on 
the  ground  that  it  would  make  possible  the  simplest  approximation  for 
a  comparison  of  results  with  different  elements.  But  the  specific  heats 
of  selenium  have  not  been  determined.  Moreover,  the  vapor  is  probably 
not  monatomic. 

It  is  not  necessary  to  regard  the  variability  of  L  for  short  temperature 
ranges  as  in  the  present  work.  These  ranges  are  not  sufficient  here  to 
determine  how  strictly  the  Kirchhoff  type  applies  to  selenium.  The 
present  data  do  not  conflict  with  that  type. 

It  seems  desirable  to  let  the  results  stand  for  the  present  expressed  by 
the  simple  exponential  relation,  which  will  suffice  for  a  limited  tempera- 
ture range  near  the  melting  point,  and  to  regard  it  as  empirical,  with  the 
understanding  that  it  is  based  on  a  diatomic  vapor,  although  to  the  ex- 
tent that  it  is  exponential  the  number  of  atoms  assumed  per  vapor  mole- 
cule does  not  change  the  shape  of  the  curves.  That  this  simple  relation 
may  be  taken  to  hold  quite  generally  for  temperatures  considerably  be- 
low the  critical  has  been  stated  recently  by  Richards.2 

The  Three  Latent  Heats  at  the  Melting  Point. 
From  the  empirical  relation  of  Equation  10,  1/p.dp/dT.T2  =  — 2.3m, 
and  from  the  latent  heat  equation  (in  the  form  L  =  R/m.T*/p.dp/dT  the 
same  quantity  is  equal  to  L/R\  (see  also  Richards8).    Equating 

L  =  —  2.3#iw.  (13) 

Thus  the  latent  heat  is  simply  obtained  from  the  slope  of  the  log  p  and 
i/T  curve,  by  combining  the  theoretical  latent  heat  equation  with  em- 
pirical results.  The  latent  heat  equation  can  then  be  used  to  find  the 
latent  heat  at  any  temperature,  provided  the  slope  of  the  true  log  p  and 
i/T  curve  is  known  at  that  temperature.  The  actual  relation  between 
log  p  and  i/T  can  be  regarded  as  linear  over  a  limited  segment  of  the  true 
curve  to  the  extent  that  the  latent  heat  can  be  regarded  as  constant  over 
the  same  limited  temperature  range.  Obviously  then,  when  Equation 
13  is  applied  near  the  melting  point  the  value  of  L  is  the  value  of  L0  in 
Equation  12.  Now  if  the  Kirchhoff  equation  (n)  holds,  the  log  p  and 
i/T  curve  can  vary  from  a  straight  line  only  through  the  log  T  term.  It 
follows  from  Equation  13  that  the  physical  meaning  of  the  variability 
of  this  term  would  be  the  variability  with  temperature  not  only  of  the 
difference  in  the  specific  heats  but  also  of  the  latent  heat.  Otherwise  m 
in  Equations  10  and  13  and  B  in  11  would  be  identical.  As  it  is,  m  — 
— L/2.$Ri,  while  B  =  — L0/2.$Ri. 

1  Loc.  cit.t  p.  43. 

1  Richards,  /.  Franklin  Inst.,  187,  584-5  (1919). 

*  Loc.cit. 
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Treatment  of  Data  on  Basis  of  Different  Numbers  of  Atoms  Per  Mole- 
cule of  Vapor. 

At  700  °  or  800  °  selenium  vapor  is  apparently  diatomic,1  but  that  of 
itself  probably  tells  little  of  conditions  near  the  melting  point.  In  the 
absence  of  direct  density  measurement  of  the  vapor  at  the  experimental 
temperatures,  the  3  latent  heats,  the  pressures,  and  the  slopes  have  been 
computed  at  the  melting  point  for  6  cases,  depending  on  the  number  of 
atoms  per  molecule.    See  Table  III. 

Let  n  be  number  of  atoms  per  vapor  molecule.  This  enters  the  factor 
Pi  which  by  Equation  5  affects  the  pressure,  while  W  is  a  constant  of  the 
apparatus  and  G  and  /  are  both  experimental.  Although  pi  depends  also 
on  temperature  that  is  likewise  experimental.  Let  (pi)t  be  density  at 
unit  pressure  for  the  data  as  already  computed  for  a  diatomic  vapor. 
From  Equation  4  by  Avogadro's  law,  i/^(j>\)%  =  *iTfn  .  1/VOO2, 
and  from  Equation  3,  pH  =  ^2/n.p  =  fp,  where  p  is  pressure  for  a  dia- 
tomic vapor  and  /  is  the  conversion  factor.  For  the  melting  point  and 
Pm.  P.»  in  Equation  8  c\  =  10*  and  c%  =  m.  The  log  p  and  i/T 
relation  remains  linear  if  the  initial  relation  with  w  =  2  is  taken 
as  linear,  and  the  slope  c%  in  Equation  8  is  unchanged  in  the  conversion, 
while  the  ^-intercept  is  varied  by  an  increment,  log/.  On  this  basis  then 
the  melting  point  does  not  depend  on  n\  but  pm.v.t  and  the  latent  heats 
as  computed  from  the  vapor  pressure  data,  do  depend  upon  it.  L  changes 
only  through  Ru  and  from  the  values  of  L  already  computed,  L\  =  271/w, 
and  Lz  =  438. 8/n.  Also,  dp/dT  =  K'p,  so  that  [(dp /dT)i]m.  p.  = 
0.9451  p,  and  l(dp/dT)z]m,  p.  =  0.0828  p.  Pending  a  determination  of 
the  vapor  density  this  treatment  will  serve  for  a  simple  approximation. 
The  computed  pressure  values  in  Table  III  may  be  regarded  as  depend- 
ing upon  experiment  rather  than  theory,  since  the  Knudsen  equations 
have  been  experimentally  confirmed. 

Summary. 

1.  By  the  method  of  molecular  flow  data  for  the  sublimation  curve 
for  selenium  crystals  of  the  hexagonal  system  have  been  obtained  over 
the  approximate  temperature  range  from  1900  to  2150. 

2.  By  the  same  method  data  for  the  vaporization  curve  for  the  liquid 
of  vitreous,  amorphous  selenium  have  been  obtained  over  the  approxi- 
mate temperature  range  from  2200  to  235  °. 

3.  The  relation  between  vapor  pressure  and  temperature  for  Se  over 
the  temperature  ranges  studied  and  on  the  basis  of  a  diatomic  vapor  may 
be  expressed  by  a  simple  exponential  relation,  p  =  CieCt/r,  where  T 
is  absolute  temperature. 

4.  On  the  basis  of  a  diatomic  vapor  the  results  appear  to  locate  the 
lSee  Roscoe  and  Schorlemmer,  "Chemistry/'  1,  469  (1911). 
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melting  point  at  217. 4°,  and  give  a  pressure  value  at  the  melting  point 
of  12.68  bars  (0.00954  mm.),  and  slope  values  for  the  p  and  T  curves 
at  the  melting  point  of  1.050  bars/degree  (0.000767  mm./degree)  for 
the  crystals,  and  0.573  bar/degree  (0.000431  mm./degree)  for  the 
liquid. 

5.  The  slope  at  the  melting  point  was  thus  found  to  be  greater  for  the 
solid  than  for  the  liquid,  as  required  by  thermodynamics,  and  as  found 
for  other  substances.  The  difference  between  the  2  slopes  is  seen  to  be 
0.477  bar/degree  (0.000358  mm./degree)  on  the  basis  of  a  diatomic 
vapor. 

6.  Prom  the  first  latent  heat  equation  (Clapeyron)  of  thermodynamics, 
the  3  latent  heats  at  the  melting  point  were  computed  on  the  basis  of  a 
diatomic  vapor  as  follows,  for  vaporization,  135.5;  f°r  sublimation, 
219.4;  and  for  fusion,  83.9  cals./g.  Since  the  density  of  the  vapor  at 
the  present  experimental  temperatures  has  not  been  determined,  the  3 
latent  heats,  the  pressure  at  the  melting  point,  and  the  slopes  of  the  p 
and  T  curves  at  the  melting  point,  have  been  computed  on  the  basis  of  4, 
6,  8,  10,  and  12  atoms  per  vapor  molecule.  The  computed  latent  heat 
values  vary  inversely  as  these  numbers. 

7.  The  results  are  not  out  of  harmony  with  the  requirements  of  the 
Kirchhoff  equation,  based  on  thermodynamics,  relating  vapor  pressure 
and  temperature,  but  they  do  not  give  positive  evidence  that  this  equa- 
tion is  applicable  to  selenium,  as  would  be  expected  from  the  limited  tem- 
perature ranges  even  if  that  relation  should  apply. 

8.  As  a  preliminary  to  the  present  work  the  Knudsen  equations  for  re- 
sistance to  molecular  flow  have  been  further  verified,  with  mercury  as 
the  standardizing  material. 

In  conclusion,  the  writer  wishes  to  express  his  thanks  to  the  members  of 
the  Physics  Department  of  the  State  University  of  Iowa  for  their  interest. 
Particularly  is  he  indebted  to  Dr.  F.  C.  Brown,  who  suggested  the  problem, 
and  under  whose  direction  the  research  has  been  carried  out,  and  also  Dr. 
G.  W.  Stewart,  who  has  contributed  materially  to  its  completion.  His 
gratitude  is  also  due  the  instrument  makers,  M.  H.  Teeuwen,  and  his 
successor,  at  the  University,  J.  B.  Dempster. 

Iowa  City,  Iowa. 
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UNDAMPED  OSCILLATIONS  DERIVED  FROM  THE  LAW  OF  MASS 

ACTION. 

By  Alfred  J.  Lotka. 

Received  June  2,  1920. 

It  was  shown  by  the  writer  on  a  former  occasion1  that  the  course  of  a 
chemical  reaction,  as  computed  from  the  laws  of  chemical  dynamics,  may, 
in  certain  circumstances,  assume  an  oscillatory  character. 

The  case  considered  led,  however,  to  damped  oscillations  fading  off  into 
equilibrium,  not  to  a  continued  periodic  process;  and  reflections  of  a 
general  character  on  the  kinetics  of  material  transformations8  seemed  to 
make  the  occurrence  of  undamped  oscillations,  in  the  absence  of  geometri- 
cal causes  (surface  films,  etc.),  appear  improbable,  since  it  seemed  to  de- 
mand a  very  special  numerical  relation  between  the  reaction  constants. 
These,  in  nature,  of  course  stand  generally  in  no  obvious  relation. 

It  is,  therefore,  somewhat  contrary  to  his  first  expectations  that  the 
writer  now  finds  the  conditions  for  undamped  oscillations  may  occur  in 
the  absence  of  any  geometrical  causes  in  a  homogeneous  system. 

A  case  which  leads  to  such  an  effect  is,  for  example,  the  following. 

A  substance  So  is  present  in  constant  concentration.  (This  condition 
may  be  secured  either  by  providing  a  large  excess,  or  by  using  a  saturated 
solution  in  the  presence  of  undissolved  substance.  In  the  former  case  the 
system  will  be  homogeneous,  in  the  latter  case  it  will  not  be.  This 
circumstance  has  no  bearing  on  the  course  of  the  reaction  to  be  con- 
sidered except  insofar  as  it  provides  a  constant  concentration  of  the  sub- 
stance So .  If  the  system  is  heterogeneous  we  shall  assume,  as  on  a  former 
occasion,  that  the  chemical  changes  taking  place  are  slow  as  compared 
with  diffusion  effects  so  that  these  latter  may  be  left  out  of  account.) 
In  this  system  let  a  substance  Si  be  formed  autocatalytically  from  the  sub- 
stance S0.  Since  the  concentration  of  S0  is  constant,  the  rate  of  forma- 
tion of  Si  will,  in  the  simplest  case,  be  proportional  to  the  quantity  X\ 
of  Si  actually  present,  so  that  we  may  write 

mass  of  Si  formed  per  unit  of  time8  =  a\X\.  (i) 

Let  another  substance  S2  be  formed  from  Si  in  mono-molecular  re- 
action, so  that  we  may  write 

mass  of  S2  formed  per  unit  of  time  =  cXx.  (2) 

And  furthermore  let  the  substance  S*  also  influence  its  own  formation 
autocatalytically,  so  that 

1  A.  J.  Lotka,  J.  Phys.  Chem.,  24,  271  (1910);  Z.  pkysik.  Chem.,  7a,  508  (1910); 
&>»  159  (1912);  see  also  Hirniak,  ibid.,  75,  675  (1910);  and  compare  also  Lowry  and 
John,  /.  Chem.  Soc,  97,  2634  (1910);  Rakowski,  Z.  physih.  Chem.,  57,  321  (1906). 

f  Lotka,  Phys.  Rev.,  24, 235  (1912);  Proc.  Am.  Acad.,  55, 137  (1920);  see,  m  particu- 
lar, footnote  13  on  page  145  of  the  latter  reference. 

*  At  constant  volume;  masses  being,  in  that  case,  proportional  to  concentrations. 
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c  =  <hX%.  u) 

Likewise  let  Sj  decompose  in  molecular  reaction,  so  that 

mass  of  &  decomposed  per  unit  of  time  =  b%Xt-  (4) 

If  in  the  second  reaction,  Sj  alone  is  formed  from  Si  then  we  have  evi- 
dently 

— l  =  aiA'i  —  a*YiA's  (5) 

since,  in  that  case,  the  amount  of  Si  decomposed  is  equal  to  the  mass  of 
S2  formed. 

We  may,  however,  make  the  more  general  supposition  that  along  with 
S2  any  other  substances  are  formed  in  proportional  amounts.  In  that  case 
we  may  write 

^  =  0,-Yi  —  fci-YiX,  (6) 

where  fci  is  in  general  different  from  (greater  than)  a*. 
On  the  other  hand,  as  regards  the  substance  S2  we  have 

^  -oAA',  — Wf,.  (7) 

The  course  of  events  in  the  system  under  consideration  is  now  denned 
by  Equations  6  and  7. 
Dividing  (7)  by  (6)  we  obtain 

dXt      Xt(fhXi  —  W 


(8) 


dA',      XM  —  btXt) 

fa. 

\X> 

Integrating, 


bt  log  Xx  —  atXi  +  a,  log  X2  —  MTS  =  K.  (10) 

Let  us  put 

Xi  »  xi  +  bt/a2  =  xi  +  p  (n) 

Xt  »  x2  +  ai/bi  =  *a  +  q.  (12) 

Then  (10)  becomes 

b*  log  (xi  +  p)  —  atXi  +  ai  log  (^  +  q)  —  &i**  =  AT'.       (13) 
Expanding  the  logarithms  by  Taylor's  theorem  certain  terms  are  found 
to  cancel  out  and  we  have 

«<*»-£+f£--")+«(*«-$+f£-"-)-*'<,4) 

In  the  immediate  neighborhood  of  the  origin  of  xu  £2  this  reduces  to 

^r+a-fl  -tfrlogp  +  atlogq-K').  (15) 

=  constant  (16).- 

-  rt,  say;  (17) 
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from  which  it  is  seen  that  near  the  origin  the  integral  curves  (10)  of  (8) 
approach  the  elliptic  form  (17). 

More  generally  the  integral  curves  (10),  or  their  equivalent  (13),  in 
the  positive  quadrant  of  Xu  X*  are  closed  curves  of  some  such  form  as 
indicated  in  Fig.  1. 


Pig.  1. — Diagram  showing  general  character  of  the  integral  curves  of  Equation  8. 
In  the  positive  quadrant  of  X,Xt  these  are  closed  curves,  contained  entirely  within 
that  quadrant,  and  intersecting  the  aces  of  x\Xt  orthogonally.  Near  the  origin  of  Xi** 
the  curves  are  very  nearly  elliptical. 

The  solution  (10)  enables  us  to  plot  X%  as  a  function  of  X\.    We  can 
then  plot  point  for  point 

1 


*C*i) 


<i\X\  —  biXtXt 


and  Equation  (6)  then  takes  the  form 

dX, 


*>(*,) 


=  <fc 


J  <p(Xy 


(18) 


(19) 
(20) 


from  which  we  obtain  by  simple  quadrature  (e.  g.,  with  the  planimeter), 
an  expression  f or  t  as  a  function  of  Xi,  or,  say 

Xx  -  #,«).  (21) 

In  exactly  similar  manner  we  obtain 

Xt  -  *tf)  (22) 

thus  completing  our  solution  of  the  system  of  differential  Equations  6,  7. 
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c 

according  as 

*s 

that  is  to  say,  by  (12),  according  as 

< 

0. 
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The  Character  of  the  Functions  $• — It  has  already  been  observed 
that  within  the  positive  quadrant  of  X1X1  (which  alone  interests  us,  since 
masses  cannot  be  negative)  the  integral  curves  (10)  are  closed  curves. 

Furthermore,  it  can  be  seen  by  inspection  of  (6)  that 

(23) 

(24) 

>  -  (25) 

A  glance  at  Fig.  1  shows  that  this  means  the  point  XxX%  travels  in 
counter  clockwise  direction  around  the  integral  curves  as  the  process 
represented  by  (6),  (7)  takes  its  course. 

From  this,  again,  it  is  plain  that  $i(l)i  &%(t)  are  periodic  functions  of 
t.    We  may,  therefore,  expand  them  into  Fourier's  series. 

Xi  -  *i(t)  «  A0    +  Ax  cos   nt  +  Bi  sin   nt  } 

+  At  cos  2nt  +  Bt  sin  2nt  \         (26) 

+  ....  i 

X%  =  *i(t)  -  A'0  +  A\  cos   nt  +  B\  sin   nt        ] 

+  A\  cos  2nt  +  B\  sin  2nt         r         (27) 
+....  ) 

The  constants  n,  A,  B  may  be  evaluated  by  substituting  (26),  (27)  in 
(6),  (7)  and  equating  coefficients  of  homologous  terms. 
We  thus  find,  in  particular,  for  n 

n  -  =*=  Voifci  (28) 

that  is  to  say,  the  reaction  is  oscillating,  with  a  period 

It  is  interesting  to  observe  that  the  amplitude  of  the  oscillation,  as 
defined  by  the  constants  A,  B,  A',  B\  depends  on  the  initial  masses 
Xx»  X%,  but  the  period  of  oscillation  T  is  independent  of  these.  Hence  if 
two  systems  of  the  kind  here  considered  be  started  off  simultaneously,  but 
from  different  initial  concentrations,  they  will  forever  after  keep  time  with 
each  other,  although  one  may  be  making  much  greater  excursions  than  the 
other.  In  terms  of  Fig.  1  this  means,  for  example,  that  if  one  system 
starts  from  point  Pi  at  a  given  instant,  the  other  from  point  Pz,  they  will 
periodically  pass  through  Pi  and  P*  simultaneously,  though  one  travels 
in  one  cycle  around  the  large  circuit  PxQiRiSxPx  the  other  one  around 
the  small  (nearly)  elliptical  circuit  P2. 


Digitized  by 


Google 


FffiATS  Otf  COMBUSTION  OF  CERTAIN  CARBON  COMPOUNDS.         1599 

Two  Types  of  Equilibrium.— It  is  interesting  to  note  the  topography 
of  the  integral  curves  about  the  two  equilibrium  points.  These  curves 
have  been  drawn  in  dotted  lines  also  in  the  negative  and  mixed  quadrants 
where  they  have  only  a  geometrical  meaning. 

Around  the  point 

v       *» 

A 1  =  -     or    Xi  =  o 

X %  =  r-    or    %%  =  o 

the  curves  form  closed  contour  lines,  like  those  which  on  a  map  represent 
a  mountain  crest  or  a  trough-shaped  valley. 

On  the  other  hand  near  the  point 

Xj  =  o    or    «i  =  —  p 
X%  =  o    or    %%  =  —  q 
the  curves  follow  a  course  such  as  the  contour  lines  near  a  saddle  or  col 
in  a  landscape. 

These  features  are  typical  of  the  two  kinds  of  equilibrium.  The  crest 
corresponds  to  a  center  of  oscillation.  The  saddle  point  corresponds 
to  a  position  of  unstable  equilibrium.  For  details  regarding  this  feature 
the  reader  is  referred  to  a  previous  publication  by  the  writer.1 

Rhythmic  phenomena  are  of  particular  interest  in  connection  with 
biological  systems  (#.  g.,  heart-beat).  An  extension  of  the  method  here 
set  forth,  in  its  application  to  certain  biological  systems,  will  appear  in  a 
forthcoming  issue  of  the  Proceedings  of  the  National  Academy  of  Sciences. 

Bkooklyv,  N.  V. 


[CoNTRimrnoN  from  thb  Wolcott  Gibbs  Mbmoriai,  Laboratory,  Harvard  Uni- 
versity.] 

THE  HEATS  OF  COMBUSTION  OF  BENZENE,  TOLUENE, 

ALIPHATIC  ALCOHOLS,  CYCLOHEXANOL,  AND 

OTHER  CARBON  COMPOUNDS. 

By  Thbodorb  W.  Richards  and  Harou>  S.  Davis. 

Received  June  9,  1920. 

This  paper  is  a  continuation  of  extended  researches  concerning  the 
physico-chemical  properties  of  typical  compounds  of  carbon.  It  enum- 
erates the  careful  quantitative  combustion  in  an  adiabatic  calorimeter 
of  the  following  substances,  cane  sugar,  naphthalene,  benzoic  acid  (these 
3  taken  as  standard  substances) ;  benzene,  toluene,  tertiary  butyl  ben- 
zene, cyclohexanol;  together  with  methyl,  ethyl,  propyl,  butyl  and 
isobutyl  alcohols.  The  main  features  of  the  present  investigation, 
which  lead  to  the  hope  that  it  may  be  an  improvement  over  earlier 
1  Lotka,  Science  Progress,  14,  406  (1920). 
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work  (whether  here  or  elsewhere)  are  as  follows,  great  care  was  taken 
in  purifying  some  of  the  organic  substances;  the  method  of  closing 
the  bomb  was  improved;  special  study  was  made  of  the  best  method 
of  igniting  and  burning  volatile  liquids;  particular  care  was  taken 
to  test  the  completeness  of  ignition,  by  analysis  of  the  resulting 
gases  for  carbon  monoxide  or  other  unoxidized  substances;  and  the  ther- 
mometer readings  were  corrected  by  reference  to  a  very  adequately  in- 
stalled platinum  thermometer.  The  calorimetric  results  were  obtained 
over  6  years  ago,  but  their  publication  has  been  postponed  by  the  war, 
which  delayed  work  needful  for  the  complete  removal  of  a  slight  uncer- 
tainty concerning  the  thermometric  scale. 

Apparatus  and  Method. 
The  details  of  the  method,  together  with  the  necessary  apparatus  and 
precautions,  have  been  described  already  at  such  length1  that  a  very 
brief  recapitulation  will  suffice.  The  apparatus  consisted  of  a  modifica- 
tion of  the  Atwater  form  of  the  Berthelpt  bomb,2  whicn  has  been  described 
in  the  papers  just  noted;  the  chief  modifications  being  the  doubled  ridged 
closure  of  the  bomb,  the  continuous  gold  foil  to  protect  the  lead;  the  firm 
steel  adjustment  for  the  firing  connection,  and  the  large  phosphor-bronze 
ring  or  washer  to  prevent  friction  during  the  screwing  into  place  of  the 
steel  cap  of  the  bomb.3  The  Hotchkiss  steel4  cup  of  the  bomb  weighed 
1609.5  g.;  the  tool  steel4  collar,  cover,  and  screw  valves  weighed  1377. 4 
g.;  the  platinum  parts  190.0  g.;  the  pure  silver  calorimeter-can  881.5  S-J 
the  German  silver  stirrer  61.4  g.;  the  phosphor-bronze  washer  38.8  g. 
Taking  the  specific  heats  of  the  several  substances  as  0.1114,  0.1087, 
0.032,  0.056,  0.095,  0.087,  respectively,  these  6  portions  would  have 
the  heat  capacities  179.4,  r49-7>  6.1,  49.3,  5.9  and  3.5.  Other  small 
items  including  a  brass  nut,  mica  insulation,  the  lead  gasket,  the  gold 
lining  on  the  cover,  oxygen  (Vs  mol.),  thermometer,  amounted  together 
to  6.7  cal./°C.  2257.0  g.  of  water  was  also  present.  Hence  the  heat 
capacity  of  the  whole  adds  up  to  2657.6 — a  result  not  far  from  that 
(2660.0)  found  from  the  average  of  the  standard  materials  furnished  by 
the  Bureau  of  Standards,  as  will  be  seen.  The  latter  must  be  taken  as 
the  more  accurate,  since  the  specific  heats  of  the  different  kinds  of  steel 
in  the  bomb  are  perhaps  hardly  well  enough  known  for  the  purpose  in 
hand. 
The  rise  of  temperature  of  this  calorimetric  system  (containing  the  bomb 

1  T.  W.  Richards  and  F.  Barry,  This  Journal,  37,  993  (1915);  T.  W.  Richards 
and  H.  S.  Davis,  ibid.,  39,  341  (1917).  Earlier  work  describing  the  evolution  of  the 
method  is  referred  to  in  the  former  of  these  articles. 

f  W.  O.  Atwater  and  J.  F.  Snell,  ibid.,  25,  659  (1903). 

*  These  improvements  are  described  on  pp.  1004  and  342,  respectively  of  the 
papers  quoted  above. 

4  Atwater  and  Snell,  he.  tit.,  p.  694. 
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completely  immersed  under  water)  was  paralleled  in  an  environing  bath 
so  that  no  correction  for  cooling  was  needed.  The  temperature  of  this 
bath  was  automatically  controlled  to  follow  as  closely  as  possible  that 
of  the  calorimeter  proper,  by  a  device  explained  in  our  earlier  paper.1 
Since  this  device  demanded  in  the  case  of  each  new  substance  a  few  pre- 
liminary experiments  in  order  to  discover  the  precise  nature  of  the  curve 
of  temperature  change,  one  or  two  early  trials  in  each  case  were  usually 
made  merely  for  the  purpose  of  orientation  and  are  not  included  in  the 
tables  given  below.  The  numbers  attached  to  the  several  experiments 
on  sugar  axe  the  original  numbers  as  recorded  in  the  notebook,  the  others 
are  serial  for  convenience.  Each  series  as  given  below  is  consecutive,  ex- 
cept in  the  case  of  sugar,  as  noted  below. 

The  mercury-in-glass  thermometer  (No.  11258)  used  in  the  calorimeter 
proper  was  carefully  made  for  this  purpose.  It  was  standardized  in  19 10 
by  the  Bureau  of  Standards  and  also  by  comparison  with  the  Harvard 
Baudin  instruments  so  often  referred  to  in  communications  from  this 
laboratory.  Since  these  standardizations  left  something  to  be  desired, 
the  instrument  has  been  recently  re-standardized  by  Mr.  O.  C.  Bridgeman 
with  very  great  care  through  comparison  with  a  standard  calorimetric 
platinum  thermometer.  The  thermometric  resistance  box  was  installed 
in  a  thermostat,  with  every  precaution  to  avoid  parasitic  effects.  It 
was  for  this  final  standardization  that  the  publication  of  the  results  had 
been  temporarily  withheld.  The  final  estimates  agreed  usually  within 
0.001  °  with  the  older  ones,  but  gave  a  somewhat  more  divergent  correc- 
tion at  the  20  °  point.  All  the  readings  were  corrected  to  this  final  plat- 
inum standard  and  are  recorded  below  in  its  terms. 

Various  methods  of  introducing  volatile  liquids  into  the  bomb  were 
tried.  The  old  Berthelot  method  of  soaking  the  volatile  liquid  into  pel- 
lets of  cellulose,  as  well  as  Stohman's  later  method  of  enclosing  the  liquid 
in  glass  bulbs,  which  were  broken  just  before  ignition,  undoubtedly  al- 
lowed some  of  the  vapor  to  evaporate  and  escape  unburned.1  Later 
Stohman,*  suspecting  this,  used  a  small  flask  of  platinum  having  about 
one  cc.  capacity  to  contain  the  liquid  and  over  it  laid  a  weighed  leaf  of 
collodion,  or  some  other  material,  fastened  to  the  neck  by  a  thick  platinum 
ring.  In  1898  Zubow4  modified  this  method  by  placing  the  liquid  in  a 
small  platinum  cup  with  a  protruding  platinum  tube  covered  with  a  plat- 
inum stopper.  The  top  of  the  cup  was  sealed  with  a  film  of  collodion, 
the  substances  to  be  experimented  upon  being  poured  in  by  means  of  a 
funnel.    This  method  seems  to  have  given  good  results,  but  there  is  dan- 

1  Loc.cit. 

*  T.  W.  Richards  and  R.  H.  Jesse,  Jr.,  This  Journal,  3*t  28a  (1910). 

•  /.  prakt.  Chem.,  44,  336  (1891). 

«  /.  Russ.  Pkys.-Chem.  Soc.,  38,  687  (1896);  30,  926  (1898);  33i  708;  35i  815  (1903). 
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ger  of  throwing  some  of  the  liquid  out  of  the  side  tube  without  complete 
combustion.  Later  Roth  and  his  collaborators1  developed  a  method  which 
has  much  in  common  with  Stohman's  and  Zubow's  latest  procedure.  A 
thin  glass  test-tube  was  filled  nearly  to  the  edge  with  the  liquid  to  be 
burned,  closed  by  a  tightly  fitting  gelatine  cap,  and  held  in  a  vertical  posi- 
tion in  a  platinum  dish  by  means  of  a  small  glass  support.  Cotton  thread 
(fastened  between  the  gelatine  and  the  glass  in  such  a  way  as  not  to  be 
moistened  by  the  liquid)  served  for  the  ignition.  It  was  admitted,  how- 
ever, that  with  liquids  having  a  high  vapor  pressure  there  is  danger  of 
blowing  off  the  gelatine  cap,  incompletely  burned.  Precisely  the  same 
objection  applies  to  the  final  methods  of  Stohman  and  Zubow.  Accord- 
ing to  our  experience  with  methyl  alcohol  and  benzene,  if  the  gelatine 
cap  is  fitted  over  the  little  test-tube  tightly  enough  to  prevent  evapora- 
tion, it  is  usually  broken  inwards  when  oxygen  pressure  is  applied.  More- 
over, it  prohibits  exhausting  the  air  from  the  bomb  before  admitting 
oxygen — an  important  precaution  as  regards  completeness  of  combus- 
tion, and  necessary  to  diminish  the  amount  of  nitric  add  formed.  Again, 
the  glass  tube  sometimes  seals  itself  at  the  high  temperature  of  combus- 
tion, and  then  the  sudden  explosion  drives  the  vapor  out  quickly  enough 
to  cause  incomplete  combustion.  Nevertheless,  with  high  boiling 
liquids  the  method,  when  carefully  executed,  will  doubtless  give  good  re- 
sults, as  Roth  has  shown.  We  have  used  it  with  success,  e.  g.,  combus- 
tion No.  62  below;  but  the  amounts  of  nitric  add,  carbon  monoxide  and 
residual  carbon  were  often  large,  and  on  the  whole  we  have  found  it  to 
be  less  satisfactory  than  the  method  of  sealing  the  liquid  in  perfectly 
full,  very  thin,  flattened  glass  bulbs,*  the  method  used  in  almost  all  the 
following  work.  The  ignition  was  effected  by  the  flame  from  a  wdghed 
ring  of  paraffin  encircling  the  inner  rim  of  the  small  platinum  crucible 
containing  the  glass  bulbs.  The  paraffin  itself  was  ignited  by  a  wisp 
of  cotton  wool  wrapped  by  a  short  spiral  of  exceedingly  fine  platinum 
wire  (0.02  mm.  in  diameter)  which  needed  less  than  an  ampere  for  Vi 
second  for  the  purpose.*  Fired  in  this  fashion  little,  if  any,  of  the  volatile 
substance  was  found  to  escape  combustion.  Among  the  most  important 
features  are  the  size  and  shape  of  the  small  platinum  crudble,  which 
should  be  about  21  mm.  diameter  and  26  mm.  high.    The  full  details 

lAnn„  385,  104(1911). 

*  This  method  is  an  improvement  over  the  somewhat  similar  one  independently 
devised  by  Berthelot  and  Delepine,  Ann.  chim.  phys.,  [7]  ax,  289  (1900),  which  we  had 
overlooked  until  after  the  present  work  was  completed. 

•  The  amount  of  extra  heat  thus  communicated  to  the  system  was  computed  in 
various  ways  to  be  less  than  2  calories.  Since  it  was  essentially  constant  (except 
perhaps  where  the  rise  of  temperature  was  only  20)  even  this  small  correction  is  elim- 
inated in  calculation,  occurring  both  with  the  standard  substance  and  with  the  sub- 
stance to  be  determined. 
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may  be  gathered  from  the  papers  already  cited,  and  need  not  be  reitera- 
ted.1 

Attention  in  these  previous  papers  was  called  to  the  fact  that  different 
results  obtained  by  different  experimenters  might  well  be  due  to  lack  of 
completeness  of  combustion.  This  is  especially  true  in  the  case  of  vola- 
tile substances,  such  as  benzene.1  Accordingly  in  many  of  the  present  com- 
bustions very  careful  tests  for  carbon  monoxide  were  made  in  the  residual 
gases,  by  passing  them  slowly  through  the  following  train  of  apparatus: 
two  U-tubes  filled  with  concentrated  potassium  hydroxide  solution  and 
glass  pearls;  a  Liebig  absorption  tube  with  saturated  barium  hydroxide 
solution  in  order  to  make  sure  that  all  the  carbon  dioxide  had  been  ab- 
sorbed in  the  preceding  potash;  a  drying  tube  filled  with  phosphorus 
pentoxide;  a  tube  of  copper  oxide  at  dull  red  heat;  and  finally  another 
tube  of  phosphorus  pentoxide.  The  carbon  dioxide  in  the  gas  emerging 
from  this  apparatus  was  estimated  at  first  gravimetrically  in  a  Liebig's 
potash  bulb,  but  later  by  absorption  in  a  spiral  filled  with  a  known  quan- 
tity of  o.  1  N  barium  hydroxide  solution  which  was  titrated  at  the  con- 
clusion of  the  experiment.  When  the  combustion  had  been  conducted 
in  the  older  ways,  considerable  quantities  of  carbon  monoxide  were  found, 
but  usually  very  little  remained  in  combustions  made  by  the  most  ap- 
proved method. 

When  carbon  monoxide  was  found,  the  corresponding  correction  (2.4 
cat  per  mg.  of  the  gas,  or  0.00090  rise  in  temperature  of  our  calorimetric 
system)  was  added  to  the  observed  thermal  output  of  the  reaction.  Un- 
consumed  carbon  in  the  crucible,  if  any,  was  likewise  weighed,  and  its 
appropriate  correction  (8.1  cal.  per  mg.)  added.  The  thermal  equiva- 
lents of  these  substances  are  larger  in  this  relation  than  is  usually  appre- 
ciated, and  the  corrections  are  occasionally  important.  In  the  case  of 
sugar,  Combustions  Nos.  10  and  16  were  tested  for  carbon  monoxide, 
in  the  case  of  benzoic  acid,  No.  21,  in  the  case  of  naphthalene,  No.  23; 
none  was  found  in  any  one  of  these  4  trials.  With  the  other  sub- 
stances (except  methyl  alcohol)  every  combustion  was  tested.  Usually 
the  combustion  was  complete,  but  in  Nos.  21,  32  and  33  (benzene  ignited 
with  sugar),  44,  45,  56  and  62s  the  amounts  were  important;  in  the  last 
case  (conducted  by  Roth's  method)  as  much  as  6  mg.  of  carbon  monoxide 
were  present. 

Nos.  9  and  16,  showed  traces  of  unburned  carbon;  all  those  with  benzoic 
acid  (Nos.  20,  21  and  22)  left  nearly  a  milligram  of  carbon  apiece.  Naph- 
thalene left  no  carbon  in  any  case,  neither  did  butyl  benzene,   cyclo- 

1  T.  W.  Richards  and  P.  Barry,  loc.  cit.,  pp.  1003-1012,  also  especially  the  pres- 
ent authors/  loc.\cit.t  p.  349. 

*  See  Richards  and  Barry,  loc.  cit.,  p.  1017;  also  Roth  and  Auwers,  loc.  cit.,  p.  162. 

*  Unfortunately  the  other  combustions  of  methyl  alcohol  were  not  tested  for  this 
gas. 
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hexanol,  or  isobutyl  alcohol.  On  the  other  hand,  slight  traces  of 
residual  carbon  or  soot  were  found  in  Nos.  31,  32,  33,  34,  35,  37,  39  (the 
other  experiments  with  benzene  gave  complete  combustion),  41,  42,  43, 
46,  53i  54»  57,  59,  52,  63,  70  and  71.  The  necessary  corrections  in  these 
latter  cases  could  never  have  amounted  to  more  than  0.001  °. 

In  addition  to  the  additive  corrections  corresponding  to  these  usually 
small  quantities  of  unburned  material,  further  corrections  had  to  be  ap- 
plied to  the  results  to  take  account  of  the  considerable  quantity  of  auxiliary 
substance  used  in  ignition,  the  correction  for  stirring  (usually  0.0080), 
the  trace  of  nitric  acid  (usually  about  0.00030)  and  a  further  correction 
for  the  temperature  of  the  protruding  thermometer  stem.  Of  these,  the 
quantity  corresponding  to  the  heat  of  combustion  of  the  auxiliary  sub- 
stance was  by  far  the  greatest.  All  are  added  algebraically  together  in 
the  figures  given  under  the  caption  "Total  Correction' '  in  the  tables 
which  follow.  The  "Observed  Rise  in  Temperature"  in  the  column  pre- 
ceding gives  the  difference  in  thermometric  readings  corrected  for  the 
calibration  corrections  of  the  thermometer.  The  difference  between 
this  observed  rise  and  the  total  correction  in  each  case  gives  the  corrected 
rise  in  temperature  (given  in  the  next  to  the  last  column)  corresponding 
to  the  weight  of  substance  burned;  and  in  the  last  column  of  the  table  is 
given  the  corresponding  rise  in  the  temperature  of  the  calorimeter  (heat 
capacity  2,660.0)  per  gram  of  substance.  For  the  sake  of  saving  space, 
the  names  of  the  auxiliary  substances,  cotton,  paraffin,  beeswax  and 
gelatine  are  usually  abbreviated  as  "cot.,"  "par.,"  "bsw.,"  and  "gel.," 
respectively. 

The  possibility  of  the  residual  presence  of  other  unburned  vapors  of 
compounds  of  carbon  was  also  considered.  Benzene  being  the  most 
likely  substance  to  have  been  incompletely  burned,  the  gases  remaining 
from  a  benzene  combustion  were  tested  for  reducing  vapors  by  bubbling 
through  a  weak  solution  of  potassium  permanganate  made  alkaline  with 
sodium  carbonate.  Moreover,  they  were  tested  for  ozone  by  letting 
them  impinge  on  filter  paper  soaked  in  potassium  iodide  solution  and 
starch.  Both  tests  gave  negative  results.  In  this  connection,  the  ques- 
tion as  to  the  purity  of  the  original  oxygen  may  be  raised.  It  was  tested 
for  halogens,  and  found  to  contain  none.  Since  it  had  been  prepared 
by  the  evaporation  of  liquid  air,  its  chief  impurity  was  argon.  The  pres- 
ence of  any  combustible  substance  in  it  was  unlikely;  if  any  were  present 
its  effect  must  have  been  felt  nearly  equally  with  each  substance,  and,  there- 
fore, eliminated  in  the  calculation. 

The  Source  and  Preparation  of  Materials. 

The  value  of  an  investigation  of  this  sort  depends  largely  on  the  in- 
telligent purification  of  the  materials  binned.  Although  admixture  of 
some  impurities  (e.  g.,  toluene  in  benzene)  makes  very  little  difference  in 
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the  result,  the  admixture  of  others  (especially,  of  course,  water)  makes 
a  very  serious  difference.  Therefore,  space  must  be  given  to  a  descrip- 
tion of  the  sources  or  methods  of  preparation  of  the  13  pure  substances. 

Sucrose. — The  first  specimen  was  prepared  from  a  very  pure  sample  of 
sugar  (designated  "Diamond  A"  by  the  American  Sugar  Refining  Com- 
pany1) through  one  precipitation  from  a  solution  in  50%  alcohol  by  con- 
centrated alcohol.  The  second  preparation  was  the  same  material  re- 
crystallized  twice,  and  the  third,  the  latter  recrystallized  yet  once  more, 
or  3  times  in  all.  Another  sample  (our  No.  4)  was  obtained  from  the 
United  States  Bureau  of  Standards  (their  No.  17).  The  first  3  samples 
were  placed  over  solid  potassium  hydroxide  and  calcium  chloride  in 
order  to  remove  the  water  and  alcohol  and  occasionally  stirred  and  pul- 
verized. They  lost  no  important  further  weight  when  placed  over  quick- 
lime or  phosphorus  pentoxide  in  a  vacuum  desiccator.  For  example, 
about  5  g.  of  sugar  once  recrystallized  and  dried  over  calcium  chloride  and 
potassium  hydroxide  was  placed  in  a  weighing  tube,  and  after  several 
days  over  phosphorus  pentoxide  in  a  sealed  vessel  under  a  pressure  of 
0.005  i*101-  mercury  (measured  on  a  McLeod  gage),  the  weight  was  found 
to  be  the  same  to  within  less  than  o.  1  mg.  Sugar  thus  carefully  dried 
could  be  weighed  in  the  dry  air  of  the  steam-heated  laboratory  without 
important  error.  Even  in  half  an  hour  samples  weighing  2  g.  gained 
only  0.2  or  0.3  mg.  This  would  doubtless  not  be  the  case  in  an 
atmosphere  of  greater  humidity. 

Thus  it  is  seen  that  sugar  may  be  dried  in  a  satisfactory  way  without 
very  elaborate  precautions — a  conclusion  which  is  confirmed  through  some 
very  careful  work  by  Bates  and  R.  F.  Jackson  at  the  United  States  Bureau 
of  Standards,  kindly  furnished  us,  at  the  time,  in  manuscript.  They 
state  that  in  their  experience  the  air-dried  and  pulverized  sample  lost 
in  weight  only  about  o.  01  to  0.02%  at  the  first  drying  operation  and  prac- 
tically nothing  thereafter.  Nevertheless,  we  are  inclined  to  agree  with 
Swientoslawski*  as  to  the  undesirability  of  sugar  for  this  purpose,  for  his 
reasons  numbered  (1)  and  (4). 

Benzoic  Acid  and  Naphthalene. — These  substances  had  been  pre- 
pared with  care  by  the  Bureau  of  Standards  to  serve  as  standards  (B.  of  S. 
Nos.  39  and  38,  respectively).  Their  appearance  was  entirely  satisfac- 
tory, and  neither  left  a  weighable  trace  of  residue  on  evaporation. 

Benzene. — Three  samples  of  benzene  were  used  in  this  work.  The 
first  and  least  pure  was  numbered  4  and  was  prepared  in  the  following 
way.  A  very  pure  commercial  benzene  (warranted  free  from  thiophene 
and  once  crystallized)  after  standing  several  months  over  sulfuric  acid, 
1  This  material  was  obtained  through  the  kindness  of  P.  O.  Murphy,  a  chemist  of 
the  company. 

*  W.  Swientoslawski,  This  Journai,,  39,  2597  (191 7)« 
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was  thoroughly  washed,  allowed  to  remain  over  sodium  for  a  long  time, 
and  then  recrystallized  twice.  The  freezing  point  was  constant  to  within 
about  o.oi°  during  the  complete  solidification  of  the  substance.  After 
further  standing  over  sodium,  this  Sample  4  was  crystallized  once  more 
and  thus  yielded  Sample  3,  which  Showed  no  difference  as  to  heat  of  com- 
bustion. Sample  6  had  been  prepared  synthetically  from  benzoic  acid 
and  later  recrystallized  by  J.  W.  Shipley  5  times.1  The  fourth  and  fifth 
recrystallizations  gave  the  same  freezing  point  to  within  0.001  °  and  this 
point  was  as  high  as  that  of  any  sample  which  Shipley  was  able  to  pre- 
pare, thus  showing  great  purity. 

Toluene. — One  of  the  specimens  of  toluene  was  that  very  carefully 
prepared  by  F.  Barry.  Another  similar  specimen  was  prepared  from 
commercial  toluene,  shaken  with  sulfuric  add  until  it  gave  no  color  to 
the  add,  agitated  with  mercury  until  it  ceased  polluting  a  dean  mer- 
cury surface,  washed  and  repeatedly  distilled.  Both  these  samples 
boiled  at  essentially  the  same  point,  between  100. 30  to  100. 40  under 
normal  pressure. 

Tertiary  Butyl  Benzene. — This  substance  was  prepared  with  great 
care  by  an  assistant  (J.  C.  Howard)  under  the  direction  of  G.  L.  Kelley, 
to  whom  we  are  indebted  for  his  oversight  of  the  work.  We  redistilled 
and  fractionated  a  product  boiling  between  168 . 6°  and  168 . 7  °  (barometer, 
759  mm.).    The  substance  had  a  density  at  20 °  of  0.8671.* 

Decane  (Di-iso-amyl). — This  substance  had  been  prepared  in  19 12  by  a 
prominent  German  firm.  It  was  redistilled  several  times  under  normal  pres- 
sure and  collected  in  the  following  fractions:  Sample  1,  159.2 °  to  159.5 °; 
Sample  2,  159. 50  to  159. 70;  Sample  3,  159. 7°  to  160. i°.  No  difference 
could  be  detected  in  their  heats  of  combustion. 

Methyl  Alcohol. — Very  pure  methyl  alcohol  made  by  Shipley*  for  an 
earlier  investigation  was  used.  It  had  been  prepared  by  the  following 
processes;  (1)  the  preparation  of  pure  methyl  oxalate;  (2)  the  saponifica- 
tion of  the  ester;  (3)  the  fractionation  of  the  liquid  product  until  a  product 
boiling  between  68°  and  70 °  was  obtained;  (4)  treatment  of  this  product 
with  a  little  iodine  and  sodium  hydroxide  to  eliminate  foreign  organic 
matter;  (5)  drying  the  alcohol,  with  potassium  carbonate,  caldum  oxide 
and  pure  sodium;  (5)  fractionation  erf  the  alcohol.  Density  at  20V40, 
0.7923.  Boiling  point,  64.510,  bar.  761.5  mm.  The  combustions 
with  this  substance  were  the  least  satisfactory,  perhaps  because  of  its 
volatility.  Unfortunately  only  one  could  be  analyzed  for  carbon  mon- 
oxide, because  of  lack  of  time. 

Ethyl  Alcohol. — Both  the  samples  of  ethyl  alcohol  described  bdow 
1  Tms  Journal,  36, 1830  (1914). 

•  For  details  see  ibid.,  37,  xooi  (1915)* 

*  Richards  and  Shipley,  ibid.,  381  996  (19x6). 
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were  obtained  through  the  kindness  of  L.  B.  Coombs,1  who  prepared 
them.  Sample  i  was  prepared  from  Squibb's  99.8%  alcohol.  It  was  re- 
fluxed  over  metallic  calcium  for  a  day,  then  fractionated.  B.  p.  78.550- 
78.60°,  bar.,  763.9  mm.  During  distillation,  the  receiver  was 
carefully  protected  from  aqueous  vapor  by  freshly  ignited  lime.  The 
alcohol  was  preserved  in  a  stoppered  bottle  over  sulfuric  acid  in  a  desic- 
cator. Sample  2  was  prepared  in  the  same  way  as  (1).  B.  p.  78.50°, 
bar.  767  mm.  This  material  was  doubtless  less  trustworthy  than  the 
methyl  alcohol. 

Propyl  Alcohol  already  very  pure  was  redistilled  with  the  following 
outcome:  Sample  1,  b.  p.  96.6°-96.7°;  Sample  2,  b.  p.  96.7°-96.9°; 
Sample  3,  b.  p.  96.9°-97.i°  (bar.  757  mm.  in  each  case);  Sample  4, 
all  the  previous  fractions  were  mixed  and  refluxed  with  calcium  for  2 
hours,  b.  p.  96.8°-97.o°,  bar.  766.0  mm. 

Butyl  Alcohol  (Normal). — The  butyl  alcohol  used  was  that  which 
had  been  prepared  long  ago  by  one  of  us  in  collaboration  with  J.  H.  Math- 
ews1 during  work  on  the  latent  heats  of  evaporation.  It  was  redistilled, 
the  greater  part  coming  over  between  ii6.o°-ii6.8°,  bar.  766  mm. 
(Sample  1).  This  distillate  was  then  refluxed  with  calcium  for  2  hours, 
the  greater  part  now  coming  over  at  ii6.3°-ii7.3°,  bar.  765.5  mm. 
(Sample  2).  In  spite  of  the  change  in  the  boiling  point,  the  2  samples 
differed  in  their  heats  of  combustion  by  an  amount  no  greater  than  possi- 
ble experimental  error. 

Isobutyl  Alcohol  was  prepared  from  the  purest  obtainable  German 
materials  by  distillation  after  refluxing  with  calcium.  B.  p.  107. 2  °- 
io7«3°»  bar.  763.4  mm.  This  appeared  to  be  very  pure,  all  distilling 
over  within  the  tenth  of  a  degree. 

Cyclohexanol. — Cyclohexanol  was  prepared  from  a  mixture  of  this 
substance  with  cyclohexanone,  which  had  been  prepared,  with  his  unfail- 
ing courtesy,  by  G.  L.  Kelley  from  phenol  by  reduction  according  to  the 
method  of  Sabatier  and  Senderens.  J.  W.  Shipley  kindly  carried  out  for 
us  the  separation  of  the  ketone  by  means  of  freshly  made  sodium  hydrogen 
sulfite,  and  the  cyclohexanol  thus  obtained  was  further  purified  by  drying 
over  sodium  carbonate,  direct  distillation  and  fractional  crystallization 
in  a  drop-funnel.  The  samples  in  the  combustion  were  (A)  cyclohexanol 
reerystallized  8  times,  (original  m.  p.  21.90),  which  had,  however,  re- 
mained standing  for  several  months  in  an  ordinary  stoppered  bottle.  This 
sample  had  undoubtedly  absorbed  moisture  with  its  characteristic  eager- 
ness, and  its  results  were  a  full  per  cent,  lower  than  the  others.  They  are 
not  recorded  below,  but  showed  how  careful  one  must  be  in  dealing  with 

1  Richards  and  Coomttt,  This  Journal,  37, 1669  (1915)* 
'  Richards  and  Mathews,  ibid.,  33,  863  (191 1). 
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a  substance  so  hygroscopic.  (B)  Cydohexanol  freshly  distilled  from 
sodium,  b.  p.  160.80  (bar.  759  mm.).  (C)  Cydohexanol  obtained  from 
Sample  B  by  crystallization  4  times  in  a  drop-funnel  protected  by  drying 
tubes  from  the  moisture  of  the  air.  (D)  Material  prepared  by  Shipley 
from  Sample  B  by  recrystallization.  The  freezing  point  of  this  last 
sample  indicated  that  the  amount  of  moisture  in  it  must  have  been  less 
than  Q.1%.1  Zubow's  material,  purified  by  fractional  distillation,  had 
almost  the  same  boiling  point  (160. 40  under  751  mm.)  as  ours. 

Cotton  Wool. — The  cotton  used  was  a  good,  dean-looking  sample  of 
absorbent  cotton,  of  the  kind  used  for  surgical  dressings.  Its  heat  of 
combustion  was  found  to  be  4020  cal.  per  g. 

Gelatine  Capsules. — The  gelatine  capsules  (from  a  prominent  Ameri- 
can firm)  were  the  kind  ordinarily  used  to  endose  disagreeable  medicines. 
The  nitric  add  formed  in  the  bomb  per  gram  of  capsule  was  about  o .  00033 
g.    The  heat  of  combustion  was  4160  cal.  per  g. 

Paraffin. — The  samples  of  hard  paraffin  used  for  the  combustions 
were  cut  from  different  parts  of  a  uniform-looking  cake,  so  as  to  obtain  a 
fair  average.    Its  heat  of  combustion  was  found  to  be  112 10  cal.  per  g. 

The  Beeswax  was  the  hard  white  commercial  material,  and  yielded  on 
burning  12660    cal.  per  g.2 

Table  I. 
Rise  of  Temperature  in  Calorimetric  System  (Heat  Capacity  2660.0)  Caused  by  Com- 
bustion of  1,0000  g.  (Weighed  in  Air)  of  Sundry  Substances. 
Sucrose,  Series  I,  Samples  1  and  2. 


Expt. 
No.        Sample. 

3               I 

Weight 

of  sub. 

in  air. 

G. 

2.2006 

Ignition 
material 
in  mg. 

Pinal 
temper- 
ature. 
0  C. 

199 

Obs. 

Rise 

in 

temp. 

°C. 

32727 

Corrected 
Total           rise 
correc-            in 

tion.          temp. 

°C.             °C. 

O.OII3     3.2614 

Rise 

per 

gram. 

•c. 

I.4820 

Cotton* 

7               I 

2 . 2038 

Cotton 

20.0 

32809 

O.OIOS 

32704 

I.4840 

8               I 

29737 

Cotton 

20.3 

44225 

O.OI45 

4.4080 

I.4823 

14               I 

I. 3714 

Cotton  11. 5 

18.4 

2.0598 

O.O242 

2.0356 

1.4843 

15               I 

2.1357 

Cotton  18. 1 

19.6 

32027 

O.O341 

3.1686 

I.4837 

16               I 

2.2620 

Cotton  13.5 

19. 1 

3.3836 

O.O283 

33553 

14833 

17               I 

2.0326 

Cotton  1 1. 7 

19.2 

3040I 

O.0266 

30I35 

I.4826 

6              2 

2.2002 

Cotton 

19.8 

32761 

O.OI43 

3.2618 

I.4825 

Average,  1.4831 
a  In  the  earlier  determinations  of  sugar,  the  wisp  of  cotton  was  weighed  with  the 

sugar,  and  counted  as  sugar  since  their  heats  of  combustion  per  gram  are  very  nearly 

the  same.    In  such  cases  the  weight  of  cotton  is  not  recorded  above. 

Two  combustions,  Nos.  1  and  13,  were  rejected;  the  first  because  it  was  merely 

preliminary,  the  other  because  far  too  much  cotton  was  used.    All  the  remaining  work 

with  sugar  is  given  in  full. 

1  Richards  and  Shipley,  This  Journal,  41,  2008  (191 9). 
These  last  4  heats  of  combustion  are  given  in  our  earlier  paper,  loc.  cit.t  p.  352. 
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Table  I  (continued). 

Expt. 
No. 

Sample. 

Weight 

of  sub. 

in  air. 

G. 

Obs. 
Ignition                             rise 
material          Final           in 
in  mg.            temp.       temp. 

a        ,          op           •  r» 

Total 
correc- 
tion. 
°C. 

Corr. 

rise 
in 

te™P 

Rise 

per 

gram. 

sub. 

°C. 

Sucrose,  Series  II,  Sample  3. 

2 

3 

2.I002 

Cotton             20.3    3.2770 

O.OO92 

32678 

I.4842 

4 

3 

2.IO87 

Cotton              19.8    3.2705 

O.OO91 

32614 

1.4833 

5 

3 

2.1985 

Cotton             20.3    3.2685 

O.OO94 

3.2591 

I.4825 

9 

3 

2.7335 

Cotton             20.2    4.0675 

O.OI44 

4  0531 

I .4828 

IO 

3 

2.2316 

Cotton              19.4    3.3192 

O.OO94 

33098 

I.4830 

11 

3 

2 . 2298 

Cotton             18.9    3.3220 

O.OII6 

3.3104 

I . 4846 

12 

3 

2  . 1 146' 

Cotton              19.6    3.1466 

O.OIO4 

3.1362 
Average, 

I. 4831 

I.4832 

• 

Sucrose,  Series  III,  B.  of  S.  Sample 

18 

4 

1. 8561 

Cotton  6.7       18.5    2.7760 

O.0242 

2.7518 

I.4825 

19 

4 

2.1806 

Cotton  3.5       19.3    3.2641 

O.OI75 

32466 
Average, 

I.4827 

I.4826 

Average  of  18  Combustions, 

I. 4831 

Benzoic  Acid. 

20 

B.  of  S. 

13273 

Cotton  5.2       19. 1    3.1686 

O.OI33 

31553 

2.3773 

21 

B.  of  a 

1. 1830 

Cotton  4.5       19  4    2.8268 

O.OI31 

2.8137 

2.3784 

22 

B.ofS. 

0.9810 

Cotton  5.4      17.9    2.3483 

O.OI50 

23333 

2.3784 

Average,  2.3780 
Average  corrected  for  firing  heat,a  2 .3778 

•  Whenever  the  rise  of  temperature  in  the  calorimeter  was  about  40,  the  heat 
generated  electrically  in  the  platinum  wire  used  for  firing  was  eliminated  from  the  re- 
sult in  latter  calculation;  but  with  a  rise  of  temperature  of  only  20,  half  of  this  firing 
heat  (2  cal.)  is  not  thus  eliminated,  and  must  be  allowed  for  as  above  to  secure  con- 
sistency in  the  results. 

Naphthalene. 
(Two  Series,  with  Diverse  Quantities  and  Different  Final  Temperatures.) 

23  B.ofS.     1. 1226    Cotton    3.5     19.8    4.0779    0.0149    4.0630    3.6193 

24  B.ofS.     1. 1537    Cotton    7.8    20.2    4.1949    0.0220    4.1729    36170 

25  B.ofS.     1. 1002     Cotton    9.5    20.0    4.0062    0.0260    3.9802    3.6177 

26  B.ofS.     1. 1023     Cotton    7.3    20.1    4.0100    0.0220    3.9880    3.6180 


Average  Series  I 

3 

.6180 

27 

B. 

ofS. 

0 

.8286 

Cotton 

8 

2 

19.4 

3 

.0200 

0.0230 

2.9970 

3 

.6170 

28 

B. 

ofS. 

0 

5415 

Cotton 

9 

2 

18. 1 

1 

■9843 

0.0250 

1.9593 

3 

6182 

29 

B.  of  S. 

0 

5183 

Cotton 

11 

5 

179 

1 

.9052 

0.0291 

1. 8761 

3 

6182 

30 

B. 

of  S. 

0 

55" 

Cotton 

10 

1 

18.0 

2 

.0214 

0.0265 

1.0949 

3 

.6198 

Average  Series  II,  3.6186 

Average  of  Series  II  corrected  for  firing  heat,  3.6182 

Total  average  of  Series  I  and  II  corrected,  3. 61 81 
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Tabids  I  (continued). 

Obs.  Corr. 

Ignition  rise  Total  rise  Rise 

material         Pinal  in  correc-  in  per 

Expt.  Weight.  in  mg.  temp.       temp.  tion.  temp.  gram. 

No.       Sample.  G.  , ■ »      •  C.  •  C.  °  C.  •  C.  •  C. 

Benzene. 

31  3        0.6743    Sug.     1430    19. 1  2.7627  0.2165  2.546  3.775 

32  3       0.7166    Sug.     185.0    19.5  2.9835  0.2805  2.703  3.772 

33  4        0.7435    Sug.     212. 1     19.3  3-1340  0.3300  2.804  3771 

34  3        0.6284    Par*       27.2     19.0  2.5090  0.1423  2.367  3.767 

Cot.       13.2 

35  4        0.7738    Bsw.      25.6     19.7    30538    0.1400    2.914      3.766 

Cot.       23.0 

36  4        0.7988    Bsw.      27.0    196    31532    0.1412    3.012      3.771 

Cot.       20.3 

37  4   0.6752  Bsw.   34.8  19.2  2.7283  0.1830  2.545   3.769 

Cot.   24.9 

38  6   0.8438  Par.  1393  20.3  3.7842  0.6128  3.172   3759 

Cot.   10.3 

39  6        0.8106    Par.     103.4    20.1    35083    0.4545    3054      3768 

Cot.        3.0 

Average,  3.769 
Toluene.* 

40  2        0.7982    Bsw.      27.3    19.8    3-1781    0.1236    3.0545    3.827 

Cot.        4.8 

41  2   0.8374  Bsw.   35.2  19.5  3.3488  0.1488  3.2000  3.821 

Cot.    2.6 

42  2        1. 1059    Par.      48.0    20.0    4.0960    0.2170    3.8790    3.818 

Cot        3.x 

43  x        0.9154    Par.      98.2     19.9    3.9230    0.4258    3.4972    3.820 

Cot        3.6 

44  2        0.9986  Par.   95.3  19.8  4.2326  0.4144  3.8172  3.823 

Cot    3.0 

45  3    1.0566  Par.   79.7  20.4  4-3725  0.3348  4.0377  3.821 

Cot    7.9 

Average,  3.822 
•  Determinations  43,  44  and  45  are  those  given  in  This  Journal  39,  353  (191 7). 
The  slightly  different  figures  now  recorded  are  due  to  the  recalibration  of  the  ther- 
mometer.   The  average  of  the  3  remained  unchanged.    Nos.  44  and  45  were  among 
the  worst  of  those  which  left  unburned  CO,  as  detailed  in  the  place  just  cited. 

Tertiary  Butyl  Benzene. 

46  1        1.0024    Par.     119. 8    20.46  4.4589    0.5220    3.937      3927 

Cot        5.1 

47  1    0.8420  Par.  106.8  19.9  3.7806  0.4720  3.929   3.929 

Cot    6.5 

48  1        0.9070    Par.     122.3    20.1    4.0884    0.5276    3.926      3.926 

Cot.        43 

Average,  3.927 
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Table  I  (continued). 


Expt. 
No. 

Sample. 

Weight. 
G. 

Ignition 

material        Pinal 
in  mg.         Temp. 

, .     «C. 

Cyclohexanol. 

Oba. 

Rise 

in 

Temp. 

•c. 

Total 
Correc- 
tion. 
°C. 

Corr. 

Rise 

in 

Temp. 

°C. 

Rise 

per 

gram. 

•c. 

49 

B 

I. 06IO 

Sug.     153 .3    20.2 

37849 

O.2380 

3.5469 

3343 

SO 

B 

O.7824 

Sug.     124.4    18.7 

2.8026 

O.1924 

2.6I02 

3336 

51 

C 

I.0233 

Bsw.     24.6    20.3 

35846 

O.1650 

3.4196 

3-342 

Cot      20.9 
0.8545    Bsw.     47.7     18.9    3.0814    0.2242    2.8572 
Cot.        6.0 


3344 


53 

1 

54 

1 

55 

2 

56 

3 

57 

3 

Average  of  last  two,  3 .  343 

Decane  (Di-iso-amyl). 
0.7436    Par.      88.1     19.8    3.5607    0.3856    3.1751    4.270 

Cot.        36 
0.8176    Par.     111. 3    20.0    3.9931    0.5001    3.4930    4.272 

Cot        97 
0.7839    Par.     in. 4    19.7    3.8341    0.4930    33411    4.262 

Cot        74 
0.8210    Par.     120.0    20.2    4.0252    0.5179    3.5073    4.272 

Cot        8.3 
0.8040    Par.     122.0    19.9    3.9667    0.5351    3.4316    4.268 

Cot        6.2 


58 
59 
60 
61 
62 


Average,  4.269 
Methyl  Alcohol.0 

1.4337    Sug.      95.1     19.7    30344  0.1513  2.883  2. on 

103.3    196    3.0510  0.1587  2.892  2.000 

94  3    20.2    34975  0.1464  3351  1.996 

112. 8    20.3    3.9382  0.1771  3.761  2.009 

17.7     1.5490  0.1020  1.447  2.008 


1 .4462  Sug. 
1.6788  Sug. 
1.8720  Sug. 
0.7207  GeL 
Cot 


430 
18.0 


Average,  2.005 
•  These  combustions  were  on  the  whole  the  least  satisfactory  of  all,  but  they  are 
probably  at  least  as  good  as  other  published  work  concerning  this  substance.    The 
result  is  only  about  0.1  %  less  than  the  usually  accepted  value,  which  depends  chiefly 
on  Thomsen's  results. 

Ethyl  Alcohol 

63  1       0.9749    Par.     102.0    20.1    3.0581    0.451X    2.6070    2.674 

Cot        79 

64  1        1.1711    Par.     ni.o    20.3    3.6156    0.4862    3.1294    2.67a 

Cot        6.4 

65  1   0.8060  Par.  X04.5  19.9  2.8576  0.4606  2.3970  2.675 

Cot    70 

66  2   1.0400  Par.  115. 5  19.6  3.2887  0.5117  2.7770  2.670 

Cot   8.7 

Average,  2.673 
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Table  I  (continued). 


Expt. 
No. 


67 
68 
69 
70 


7i 

72 


Sample. 

3 
3 
4 
4 


Weight. 
G. 


Ignition 
material 
in  mg. 


Obs. 

rise 
Pinal  in 

temp.       temp. 

0  C.  °  C. 


Corr. 

Total  rise  Rise 

correc-  in  per 

Uon.  temp.  gram. 


'  C. 


>C. 


Propyl  Alcohol. 

1. 1434    Par.  128. 1     19.9    4.0190 

Cot.  90 

0.7576    Par.  124.4    19.2    2.8455 

Cot.  10.9 

0.8417  Par.  120.7  19.3  3  0916 

Cot.  12.7 

0.6696  Par.  114. 7  19.8  2.5317 

Cot.  6.5 


Butyl  Alcohol — Normal. 

1  0.7000    Par.     139.0    19. 1     2.8823 

Cot.   10.  o 

2  0.7781  Par.  114. 1  19.4  3.0251 

Cot.    6.0 


o  5649  3.4541  3.021 

0.5522  2.2933  3  027 

0.5424  2.5492  3.022 

0.5048  2.0269  3.027 

Average,  3.024 

j 

0.6126  2.2697  3*242 

0.5010  2.5241  3.244 


Average,  3 .  243 
Isobutyl  Alcohol. 

73  l        0.8628    Par.     113. 2     19.9    3 .2942    0.4999    2.7943    3239 

Cot.        6.5 

74  *        1  0774    Par.     103.7     19  9    3  9423    0.4571    34852    3235 

Cot.        75 

Average,  3 .  237 
Heats  of  Combustion  of  the  Several  Substances. 

As  already  stated,  the  above  results  with  sucrose,  benzoic  acid  and 
naphthalene  were  used  as  standards  in  calculating  the  heats  of  combus- 
tion of  the  other  substances.  The  samples  of  sugar  were  evidently  nearly 
but  not  exactly  alike.  The  two  samples,  1  and  3,  prepared  here,  gave  re- 
sults almost  precisely  identical.  The  average  of  all  the  results  with  each 
standard  substance  was  taken  as  the  value  corresponding  to  that  sub- 
stance. According  to  the  values  furnished  by  the  Bureau  of  Standards, 
the  heat  capacity  of  our  calorimetric  system  in  20 °  calories  is  calculated 
from  the  results  with  these  3  substances  as  follows. 

Rise  of  tempera-  Combustion  Heat  capacity 

ture  per  gram  (in  air).  heat  of  system  in 

Degrees.  (B.  of  S.)  .•  20°  calories. 

Sucrose , 1 .4831  3949  2662 .9 

Benzoic  acid 2.3778  6329  2661.7 

Naphthalene 3.6181  9622  2659.4 

Average,  2661 . 3 
9  Bureau  of  Standards,  Circ.  11,  2nd  Ed.,  16  (1915). 
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In  180  calories  (actually  used  by  us)  this  becomes  2660.0/  which  is 
taken  as  the  heat  capacity  of  our  calorimetric  system  in  calculating  the 
results  for  the  other  substances.  The  individual  averages  upon  which  it 
depends  are  more  divergent  than  is#  desirable,  the  extreme  divergences 
from  the  mean  amounting  to  about  0.07%.  Evidently  naphthalene  in 
our  hands  yielded  a  larger  heat  of  combustion  in  relation  to  sugar  than  it 
did  at  the  Bureau  of  Standards,  although  even  our  value  is  distinctly 
ess  than  that  found  by  some  Europeans.  Benzoic  acid  falls  between  the 
two  others.  Whether  or  not  the  reason  of  the  difference  is  to  be  found  in 
incomplete  combustion  in  some  cases,  we  do  not  attempt  to  decide.  If 
at  any  time  the  discrepancy  is  explained  and  one  or  the  other  of  these 
substances  is  proved  to  be  the  best  standard  of  reference,  the  results 
can  easily  be  calculated  into  that  standard  by  reference  to  the  figures 
just  given.  We  are  inclined  to  think  that  naphthalene  may  be  found 
the  best  substance,  when  its  purification  has  been  perfected  and  its  heat 
of  combustion  certainly  established.2  The  whole  question  of  the  true 
standard  of  reference  is  discussed  at  such  length  in  the  interesting  recent 
papers  by  Swietoslawski8  and  by  Roth,4  as  well  as  in  one  of  the  Harvard 
papers,5  that  further  treatment  at  present  is  unnecessary.  The  establish- 
ment of  a  thoroughly  trustworthy  and  generally  recognized  standard  of 
reference  is  one  of  the  desiderata  of  this  kind  of  work.  The  Bureau  of 
Standards  and  Swietoslawski  have  made  important  advance  in  this  direc- 

1  Sec  Richards  and  Barry,  loc.  cit.,  p.  1016,  Cal.  (180)  -  (Cal.  200)  X  1.0005. 
As  already  stated,  when  there  was  a  40  rise  of  temperature,  no  correction  is  applied 
to  these  figures  for  the  small  amount  of  heat  evolved  electrically  by  the  fine  platinum 
wire  in  firing,  because  this  small  quantity  appears  in  practically  equal  measure  in  each 
combustion,  and  is  eliminated  in  the  later  calculation.  Swietoslawski,  in  recalculating 
Zubow's  results,  used  the  15 °  calorie,  which  is  perhaps  0.07%  greater  than  the  180 
calorie. 

2  Naphthalene  has  a  vapor  pressure  of  0.064  nun*  at  2°°  according  to  Barker 
(Z.  physik.  Chem.,  71, 235  (1910)).  Care  must,  therefore,  be  taken  that  none  evaporates 
after  weighing,  either  outside  or  within  the  bomb.  The  loss  of  one  liter  of  its  vapor  at 
20 °  means  a  loss  of  about  2  cal.  on  burning. 

*  Three  years  ago,  after  our  experimental  work  was  finished,  Swietoslawski  pub- 
lished his  interesting  paper  on  the  use  of  benzoic  acid  as  the  standard  unit  in  the  thermo- 
chemistry of  organic  compounds  (This  Journal,  39,  2595  (1917))-  With  the  general 
conclusions  in  this  article  we  heartily  agree.  Unfortunately  our  own  determinations 
with  benzoic  acid  were  too  few  in  number  to  use  them  alone  as  the  basis  of  our  heat 
capacity  determinations.  Moreover  in  each  of  them  a  correction  had  to  be  made  for 
nearly  a  milligram  of  carbon  remaining  unburned.  Therefore,  for  the  present  the 
average  value  given  above  seems  to  us  the  safest.  Swietoslawski's  very  valuable 
recent  paper,  giving  a  recalculation  of  Zubow's  work  upon  a  satisfactory  basis,  shows 
that  in  general  Zubow's  results  are  reasonably  close  to  ours.  This  paper  appeared 
after  the  present  contribution  was  submitted  for  publication,  and  hence  cannot  be 
considered  in  detail  here.     (This  Journal,  42,  13 12  (1920). 

«  Roth,  v.  Auwers  (and  Wallasch),  loc.  cit.,  pp.  1x3-127,  162. 

*  Richards  and  Barry,  loc.  cit.,  p.  1016. 
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tion,  but  evidently  more  remains  to  be  done,  as  they  themselves  would 
doubtless  agree. 

The  heat  capacity  of  the  calorimetric  system  having  been  thus  deter- 
mined, it  may  be  used  to  calculate  .the  heats  of  combustion  of  the  several 
substances.  The  resulting  values  are  given  below,  not  only  on  the  basis 
of  the  weighings  in  air  (corresponding  to  the  results  given  above  as  well 
as  to  the  values  given  by  the  Bureau  of  Standards),  but  also  upon  the 
vacuum  basis.  Moreover  the  molal  heats  of  combustion  are  recorded 
likewise  in  the  following  table,  both  in  large  calories  and  in  kilojoules, 
the  atomic  weights  used  being  the  present  international  values,  C  « 
12.005,  H  =  1.0076  and  O  =  16.000. 

Tabids  II. 

Heats  of  Combustion  in  Constant  Volume  of  the  Several  Substances,  Including  Re* 

duction  to  Vacuum  Standard.* 

(The  Heat  Capacity  of  the  Calorimetric  System  between  16°  and  20°  is  taken  as 

2660.0,  Cal.  (i8°)/°  C,  its  materials  having  been  weighed  in  air.    4.182  joules  are 

taken  as  equivalent  to  the  18  °  Calorie.) 

Comb,  heat  Heat  of  coin- 

Rise        Comb.  per  1.0000  g.  bustion  per  mol. 

of  temp,     heat  per  (weigh-  (weigh,  in  ▼«.). 

in  cal.      1.0000  g.  ing  sub-  * * » 

system,  (weighings  Den-  stance  in      Mol.  Large  Kilo- 

0  C.  in  air),    sity.    vacuum).       wt.  Cal.  joules. 

Sucrose 14831       3945     1.61       3943    34*23       13494      5643 

Benzoic  acid 2.3778      6325     1.32      6320     122.08        771-55    3227 

Naphthalene 3.6181      9624    0.97      9614    128. 11      1231.6      5131 

Benzene 3-769      10026    0.88    10014      78.076      781.85    3269.7 

Toluene 3.822      10167    0.87    10155      92.095      935-23    39x1.x 

Tertiary  butyl  benzene....  3.927      10446    0.87     10434    134.16      1399.8      5854 
Cyclohexanol,  CsHu(OH)..  3.343        8892    0.96      8882     100.12        889.3      37190 

Di-isoamyl 4.269      11356    0.73    11339    142.22      1612.6      6744.0 

Methyl  alcohol 2.005        5333    o-79      5326      32.035       170.61       7x3.4 

Ethyl  alcohol 2.673        7"0    0.79      7101      46.056      327.04    1367.7 

Propyl  alcohol 3024        8044    0.80      8033      60.075      485.80    2031.6 

Butyl  alcohol 3243        8626    0.81      8615      74.095      638.33    2669.5 

Isobutyl alcohol 3237        8610    0.80      8599      74095      637.14    2664.5 

0  Attention  may  be  called  to  another  very  small  correction,  namely,  the  correc- 
tion for  the  heat  rendered  latent  in  evaporating  water  in  the  bomb  between  160  and 
20°.  In  our  bomb  (containing  375  cc.)  about  1.4  mg.  of  water  must  have  been  evapo- 
rated for  40  rise  in  temperature,  or  for  the  output  of  10700  cal.  Hence,  each  value 
should  be  raised  100  X  0.00x4  X  540/10700  —  0.007%.  This  is  so  small  as  to  be  less 
than  the  experimental  error,  and  is,  therefore,  not  applied  above. 

The  comparison  of  these  results  with  those  of  others  is  interesting  and 
leads  to  the  conclusion  that  the  heats  of  combustion  of  some  of  these  sub- 
stances are  now  known,  at  least  relatively,  with  considerable  accuracy. 
The  best  method  perhaps  of  tracing  the  comparative  values  is  to  state 
the  heat  of  combustion  of  volatile  substances,  such  as  benzene  and  tol- 
uene (which  offer  the  greatest  difficulties)  in  relation  to  some  one  standard 
substance,  such  as  sugar,  which  has  been  the  most  often  used.    Benzene 
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was  found  by  Berthelot1  to  give  out  2 .52  times  as  much  heat  as  sugar, 
gram  for  gram,  on  burning.  Stohmann's*  value,  obtained  in  one  way, 
was  2.5325,  and  in  another  2.5275.  Richards,  Henderson  and  Prevert3 
concluded  that  2.534  was  the  minimum  value,  but  found  that  nitrogen 
in  their  bomb  interfered  with  complete  combustion  and  believed  the  true 
value  to  be  higher.  One  of  us,  in  collaboration  with  R.  H.  Jesse,  Jr.,4 
verifying  this  prediction,  found  the  value  corrected  to  the  vacuum  standard 
2-5382  (almost  identical  with  our  present  value  2.5397,  which  we  believe 
to  be  very  near  the  true  one).  The  later  finding  (in  collaboration  with 
P.  Barry)  of  a  lower  value  2.533/  again  raised  suspicions  of  incomplete 
burning.  At  that  time  no  determinations  of  the  carbon  monoxide  in 
the  residual  gases  were  made;  but  there  can  be  little  question  that  the 
deficiency  in  the  last  named  value  is  due  to  this  cause,  because  our  present 
repetitions  of  the  methods  which  yielded  it  (involving  the  auxiliary  use 
of  sucrose,  combustions  31,  32  and  33)  yielded  results  more  than  0.1% 
too  low  until  corrected  for  the  carbon  monoxide  found  in  the  residual 
gases  (on  the  average  2.5  cc.  per  combustion).  Seemingly  trivial  details 
in  manipulation  may  determine  whether  or  not  the  flame  of  the  burning 
liquid  readies  the  cool  walls  of  the  bomb  in  such  a  way  as  to  have  its 
combustion  partially  inhibited.  The  method  employing  a  ring  of  naphtha- 
lene, used  almost  exclusively  in  the  present  work,  is  doubtless  much  superior 
to  that  in  which  a  small  heap  of  sugar  is  the  auxiliary  substance.  That 
the  trouble  was  due  to  incomplete  burning  of  the  volatile  liquid  and  not 
to  other  faulty  procedure  is  shown  by  the  fact  that  the  results  of  Richards 
and  Barry  on  toluene  (2.5769  times  sugar)  were  almost  identical  with 
the  figures  which  we  have  just  detailed  (2.5754  times  sugar).  The  most 
recent  values  of  Roth  and  von  Auwers6  for  benzene,  10,01 2  ( =*=  2)  per  g.  and  for 
toluene  10,146  (=*=6)  based  upon  their  electrical  calibration  of  the  calori- 
meter as  well  as  upon  the  burning  of  benzoic  acid  (assuming  Fischer  and 
Wrede's7  value  as  correct)  are  apparently  very  near  ours  (which  are,  re- 
spectively, 10,014  and  10,155).  Unfortunately,  the  agreement  is  not 
quite  as  close  as  it  seems,  since  their  calculation  assumes  the  heat  of  com- 
bustion of  a  gram  of  the  standard  benzoic  acid  (weighed  in  vac.)  to  be 

1  M.  Berthelot,  loc.  tit. 

s  Stohmann,  ibid. 

'  Richards,  Henderson  and  Prevert,  Proc.  Am.  Acad.,  42,  573  (1907). 

4  T.  W.  Richards  and  R.  H.  Jesse,  Jr.,  This  Journal,  31,  288  (19x0). 

*  T.  W.  Richards  and  F.  Barry,  loc.  cii. 

*  W.  A.  Roth  and  K.  von  Auwers,  Ann.  chim.,  407,  109  (1914). 

*  Fischer  and  Wrede,  Z.  physik.  Chem.,  75,  81  (1910).  The  very  elaborate  work 
of  W.  Swietoslawski  (/.  Russ.  Phys.-Ckem.  Soc.,  46,  935*75  (19x4))  found  a  value  as 
low  as  6310  for  the  heat  of  combustion  of  benzoic  acid.  His  recommendations  concern- 
ing the  use  of  the  adiabatic  calorimeter  (ibid.,  p.  1284)  are  excellent;  but  more  of  them 
had  been  anticipated  at  Harvard  than  he  seems  to  have  realized. 
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6325.5  cal.,  whereas  ours  takes  this  figure  as  6320.  Reduced  to  our 
standard,  the  results  of  Roth  and  Auwers  become  10003  an^  10137 — 
results  less  than  ours  by  0.11  and  0.18%,  respectively.  Whether  this 
difference  is  due  to  differences  in  the  substances  or  to  incomplete  combus- 
tion in  the  German  work  it  is  impossible  to  say.  The  details  of  the  work 
of  Roth  are  carefully  elaborated  and  it  is  clear  at  least  that  he  got  better 
results  with  his  method  than  we  were  able  to  obtain  until  we  analyzed 
the  residual  gases,  a  step  which  he  did  not  take. 

Further  comparison  of  the  new  results  with  those  of  others,  especially 
in  view  of  the  detailed  discussion  given  by  Roth  in  the  paper  so  often  quoted, 
may  be  omitted. 

The  new  figures  give  another  accurate  basis  for  computing  the  effect 
on  the  heat  of  combustion  of  the  familiar  increment  CH«  of  homologous 
series. 

Tablb  III. 

Increase  in  Combustion  Heat  Due  to  CHi. 

(Substitution  of  CH»  f or  H  in  alcohols  and  side  chains.) 

Difference  between.  Kilojoules. 

Ethyl  alcohol-Methyl  alcohol  =  1368.7 —    713.4  =  654 

Propyl  alcohol-Ethyl  alcohol  =  2031 .6  —  1367.7  ™  654 

Butyl  akohol-Propyl  alcohol  «  2669.5  —  2031 .6  =  638 

Average  of  3  differences  in  alcohols  =■  649 

Ethyl  benzene-Toluene  «=  4555 .0  —  391 1 . 1  «=  644 

Propyl  benzene-Ethyl  benzene  =  5202      —  455  =  647 

Isopropyl  benzene-Ethyl  benzene  «  5206     —  4555  =651 

Tert.  butyl  benzene-Propyl  benzene  —  5854     —  5205  «  652 

Tert.  butyl  benzene-Isopropyl  benzene  «-  5854     —  5206  «  648 

Average  of  5  differences  in  aromatic  substances  =  648 

Evidently  the  addition  of  CH*  produces  on  the  average  an  increase  in 
the  heat  of  combustion  of  648  kilojoules  or  153 .5  Cal. — a  quantity  almost 
identical  with  the  provisional  figures,  644  kilojoules  reported  by  Richards 
and  Jesse1  and  646  reported  by  Richards  and  Barry.*  This  new  value  is 
different  from  that  of  Thomsen,  660  kilojoules  or  158  Cal.,  doubtless  be- 
cause Thomsen's  "universal  burner"  gave  increasingly  too  high  results 
with  decrease  in  volatility. 

The  thermochemical  effect  disclosed  in  the  above  table  refers  to  the  sub- 
stitution of  the  methyl  group  for  hydrogen  attached  to  a  carbon  singly 
bound  to  another:  for  in  the  aromatic  compounds  given,  the  additions  are 
to  the  side  chain.  The  effect  seems  to  be  slightly  different  when  the 
methyl  group  replaces  a  hydrogen  attached  directly  to#the  ring,  as  is  shown 
by  the  following  table — a  table  not  full  enough,  indeed,  to  give  a  certain 

1  Richards  and  Jesse,  he.  cit.t  p.  296. 
*  Richards  and  Barry,  ibid.,  p.  1019. 
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value  to  the  average,  but  nevertheless  serving  as  some  indication  of  the 
differing  effect. 

Tabus  IV. 
Increase  in  Combustion  Heat  Due  to  CHj  Added  to  the  Benzene  Ring, 
Difference  between 

Toluene-Benzene  =  3911.1  — 3269.7  =  641 

Xylene  (0-  or  m-) -Toluene  =  4557     —  391  x       =  646 

Xylene  (^)-Toluene  =  4541      — 391 1      «=  630 

Mesitylene-Xylene  (m)  =  5 191      —4557      -  634 

Average,  638 

Further  conclusions  concerning  the  essential  relations  of  these  to  one 
another  and  to  other  trustworthy  data  of  the  same  kind  are  reserved  for 
a  later  communication. 

We  take  pleasure  in  expressing  our  indebtedness  to  the  Rumford  Fund 
of  the  American  Academy  of  Arts  and  Sciences  for  the  calorimetric  bomb 
employed  and  to  the  Carnegie  Institution  of  Washington  for  much  of 
the  rest  of  the  apparatus. 

Summary. 

This  paper  gives  detailed  figures  for  the  heats  of  combustion  of  the  fol- 
lowing substances  in  i8°-calories  per  gram  (weighed  in  a  vacuum) :  sucrose 
3943,  benzoic  acid  6320,  naphthalene  9614,  benzene  10014,  toluene  10155, 
tertiary  butyl  benzene  10434,  cyclohexanol  8882,  di-iso-amyl  1 1339,  methyl 
alcohol  5326,  ethyl  alcohol  7101,  propyl  alcohol  8033,  butyl  alcohol  8615, 
isobutyl  alcohol  8599. 

It  is  hoped  that  in  several  respects  most  of  these  figures  are  more  trust- 
worthy than  previous  values,  especially  because  more  precaution  was 
taken  than  usual  to  make  sure  that  the  combustion  was  in  each  case 
complete,  and  because  the  substances  were  in  most  cases  very  carefully 
purified  and  always  carefully  dried. 

Cambkido*.  Mass. 
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[Contribution  from  thb  Division  of  Drugs,  Bureau  of  Chemistry,  U.  S.  De- 
partment of  Agriculture.] 

THE  USE  OF  ORGANIC  SOLVENTS  IN  THE  QUANTITATIVE 
SEPARATION  OF  METALS,    m.  THE  SEPARATION  OF 
MAGNESIUM  FROM  SODIUM  AND  POTAS- 
SIUM CHLORIDES. 

By  S.  Palkin. 

Received  June  14,  1920. 

In  a  previous  communication,1  the  author  has  shown  that  sodium  and 
potassium  chlorides  can  be  quantitatively  precipitated  from  an  acidified 
water  solution  by  the  use  of  alcohol  and  ether.  Advantage  was  taken  of 
this  fact  to  effect  a  separation  of  these  alkali  metals  from  their  third  mem- 
ber, lithium,  as  the  chloride  of  the  latter  is  readily  soluble  in  a  mixture 
of  alcohol  and  ether.  Experiments  with  magnesium  chloride  have  shown 
that  this  salt  too  is  soluble  in  an  alcohol-ether  mixture  and  can  be  sepa- 
rated easily  from  the  chlorides  of  sodium  and  potassium,  using  essentially 
the  same  procedure  as  that  outlined  for  the  separation  of  lithium  from 
the  other  alkali  metals. 

The  only  method  on  record,  involving  the  use  of  an  organic  solvent 
for  the  separation  of  magnesium  from  the  alkali  metals,  is  that  of  Gooch 
and  Eddy.*  In  this  method  a  solution  of  ammonia  and  ammonium  car- 
bonate in  alcohol  is  used  to  precipitate  the  magnesium,  while  the  alkali 
chlorides  (except  lithium)  are  determined  in  the  filtrate. 

Like  the  Gooch-Eddy  separation,  the  alcohol-ether  method  herein 
proposed,  makes  it  possible  to  determine  magnesium  and  the  alkalies  in 
the  same  sample,  with  the  additional  advantage  that  the  reagents  used 
are  readily  volatile  on  the  steam  bath  and  the  precipitate  is  that  of  the 
alkali  chlorides  instead  of  magnesium  (as  is  the  case  in  other  methods), 
thus  making  it  possible  to  secure  a  more  rapid  and  direct  determination 
of  the  alkali  metals,  where  that  is  particularly  desired.  The  magnesium 
may  then  be  determined  in  the  filtrate. 

Very  pure  magnesium  chloride  was  prepared  by  further  purification  of 
c.  p.  magnesium  chloride  obtained  in  the  market.  This  was  done  in 
order  to  free  it  from  traces  of  alkali  chlorides  and  other  substances  insolu- 
ble in  alcohol-ether  mixture.  In  like  manner  samples  of  c.  p.  sodium 
chloride  and  potassium  chloride,  respectively,  were  treated  to  remove 
traces  of  magnesium  chloride  and  other  substances  soluble  in  alcohol- 
ether  mixture.  The  method  of  purification  used  was  essentially  the 
method  of  separation  here  described.  Alcoholic  solutions  of  the  pure 
magnesium  chloride  were  prepared  and  an  aliquot  portion  pipetted  off  for 

1  This  Journal,  38,  2336  (1916). 
*  Am.  J.  Science,  25,  444  (1908). 
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each  experiment.    Errors  of  volume  change  due  to  temperature  were 
eliminated  by  making  all  pipetting  at  the  same  temperature. 

A  mixture  of  equal  weights  of  the  pure  dried  sodium  and  potassium 
chlorides  was  used  and  the  required  amount  weighed  out  for  each  experi- 
ment. 

The  following  is  a  table  of  results  obtained  by  the  proposed  method,  using 
various  proportions  of  magnesium  and  alkali  chlorides.    In  some  experi- 
ments values  obtained  in  the  first  precipitation  are  recorded  in  addition 
to  the  value  of  the  total  alkali  chlorides  by  the  two  precipitations. 
Results  Obtained  by  Proposed  Method. 


Weight  NaCl,  KC1. 

Used.  Found. 
Expt.             G.  G. 

I O.5000  O.4996 

2 O.3800  O.3795 

3 O.2500  O.2499 

4 O.5O0O  0.4995 

5 O.3800  O.3801 

6 O.2500  O.2505 

7 O.0500  O.0503 

8 O.5000  0.5005 

9 0.5000  O.5005 

IO 0.5000  0.5000 

II O.4000  0.4006 

12 0.3000  O.3004 

13 O.IOOO  0.1002 

14 0.2500  0.2500 

15 0.5000  0.5000 

16 O.0500  0.0506 

17 0.5000  0.5003 

18 O.2000  0.2001 

19 0.5000  0.5002 

20 0.5000  0.5008 

21 0.5000  0.5005 

22 O.4500  0.4499 

23 0.3800  O.3805 

24 0.2500  0.2509 

25 0.0050  0.0051 


Weight  MgsPtO?. 
due  to  MgClt  solution. 


Used." 
G. 

O.OO7O 

O.I743 
O.3486 
O.O060 
O.I50I 
0.3O02 
O.3004 
O.030O 
O.030O 
O.0300 
O.II47 
0.2294 
O.4587 
O.2293 
O.0229 
O.2748 
O.OO55 

0.0054 
O.0599 

0.0599 
O.I498 
0.0990 
O.2476 
0.4952 
O.4952 


Found. 
G. 

O.OO78 
O.1748 
0.3483 
O.OO67 
O.1500 
O.3017 
O.3006 
O.0307 
O.0302 
O.0304 

O.II57 
Spattered, 

04577 
0.2286 
0.0227 
0.2746 
0.0058 
0.0056 
0.0610 
0.0605 
0.1491 

0.0977 
0.2480 

04955 
0.4960 


Wt.  NaCl,  KC1 

found  by  first 

precipitation 

G. 


O.4960 
O.4965 
0.4990 
0.3989 
O.2978 
O.O970 
O.2477 
0.4947 


O.4983 
O.4950 
0.4945 
O.4474 
0.379I 
O.2476 


•  Calculated  from  blank  determinations. 

Method. 

The  total  chlorides  of  magnesium,  sodium  and  potassium  are  dissolved 
in  a  minimum  amount  of  cold  water  in  a  100-150  cc.  beaker-flask.  About 
1.5  cc.  is  sufficient  for  0.5  g.  of  salt.1  When  all  is  in  solution,  one  drop 
of  cone,  hydrochloric  acid  is  added  and,  gradually,  25  cc.  of  absolute  alco- 
hol, the  alcohol  being  dropped  into  the  center  of  the  beaker  (not  on  the 
1  The  magnesium  chloride  content  should  not  exceed  0.3  g.  and  the  total  chlorides 
0.5  g. 
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sides)  while  rotating.  The  sodium  and  potassium  chlorides  should  pre- 
cipitate in  a  perfectly  uniform  granular  condition.  In  a  similar  manner, 
while  rotating  the  flask,  25  cc.  of  U.  S.  P.  ether  is  added  and  the  mixture 
is  allowed  to  stand  about  5  minutes  or  until  the  precipitate  is  agglome- 
rated and  the  supernatant  liquid  almost  clear.  If  there  is  any  tendency 
for  the  precipitate  to  become  gelatinous,  a  few  cc  of  absolute  alcohol  is 
added  and  the  flask  rotated.  This  tendency  to  gel  occurs  only  when  a 
relatively  large  amount  of  magnesium  chloride  is  present  and  an  excessive 
amount  of  moisture  has  been  introduced. 

The  mixture  is  then  filtered  through  a  weighed  Gooch  crucible  into  a 
150  cc.  Erlenmeyer  flask,  using  a  bell-jar  arrangement  and  permitting  only 
mild  suction,  in  order  to  avoid  sucking  the  precipitate  dry  too  soon.1 
The  beaker-flask  is  thoroughly  washed  with  a  mixture  of  one  part  alco- 
hol and  4  parts  ether,  and  adhering  particles  of  salt  are  removed  with  the 
aid  of  a  rubber-tipped  rod.  The  precipitate  in  the  Gooch  crucible  is  also 
well  washed  and  the  crucible  set  aside. 

The  filtrate  is  evaporated  to  dryness  on  the  steam  bath  (using  air-blast 
if  available).  The  residue  is  taken  up  with  10  cc.  of  absolute  alcohol, 
wanning  if  necessary,  so  that  nearly  everything  passes  into  solution,  and 
one  drop  of  cone,  hydrochloric  acid  is  added.  If  a  slight  film  remains 
on  the  bottom  of  the  flask  and  sides,  it  is  loosened  by  rubbing  with  a  rubber- 
tipped  rod.  A  fine  powder  of  sodium  and  potassium  chloride  (a  few  mg.) 
will  probably  separate.  While  rotating  the  flask  50  cc.  of  U.  S.  P.  ether 
is  added  gradually  and  the  mixture  allowed  to  stand  for  about  20  min- 
utes. This  is  then  filtered  through  the  original  Gooch  crucible  contain- 
ing the  bulk  of  sodium  and  potassium  chlorides,  into  a  tall  beaker  (about 
250  cc.).  The  same  careful  precautions  are  taken  as  outlined  in  the  first 
filtration.  The  crucible  containing  the  sodium  and  potassium  chlorides 
is  dried,  gently  ignited,  cooled  and  weighed. 

Determination  of  the  Magnesium. 

The  filtrate  containing  the  magnesium  chloride  is  evaporated  on  the 
steam  bath  to  dryness,  or  nearly  so,  using  air-blast  if  available.  It  is 
then  taken  up  with  5  to  10  cc.  of  cone,  hydrochloric  acid,  the  requisite 
amount  of  water  and  sodium  hydrogen  phosphate  added  and  the  magne- 
sium determination  made  in  the  usual  way.  The  crystalline  form  of  the 
magnesium  ammonium  phosphate  is  obtained  much  more  readily  if  the 
precipitate  first  formed  with  the  ammonia  is  redissolved  with  hydro- 
chloric acid,  and  then  neutralized  a  second  time  by  the  very  gradual 
addition  of  the  ammonia  with  constant  stirring  until  most  of  the  precipi- 
tate has  formed,  after  which  excess  of  ammonia  is  added. 

1  This  filtration  can  best  be  accomplished  by  using  a  2-hole  rubber  stopper  for  the 
funnel,  and  covering  up  the  second  hole  with  the  finger  while  filtering,  then  releasing  the 
suction  by  removal  of  the  finger  as  soon  as  desired. 
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Summary. 

The  author's  method  for  the  separation  of  lithium  from  the  other  alkali 
metals  has  been  studied  with  the  view  to  its  adaptability  to  the  separa- 
tion of  magnesium  from  these  metals.  With  some  modifications,  the  pro- 
cedure has  been  found  to  be  well  adapted  to  magnesium.  The  method  de- 
pends on  the  progressive  precipitation  of  the  sodium  and  potassium  chlo- 
rides from  a  concentrated  aqueous  solution  by  the  use  of  alcohol  and 
ether  and  is  divided  into  2  stages,  (1)  in  which  all  but  a  few  mg.  is  pre- 
cipitated, and  (2)  in  which  the  last  few*mg.  is  removed  from  solution. 

The  method  has  several  advantages,  viz.,  (1)  it  affords  a  direct  de- 
termination of  the  sodium  and. potassium  chlorides  in  that  they  are  pre- 
cipitated first  (rather  than  after  magnesium  as  in  other  methods),  (2) 
the  reagents  used  are  readily  volatile  organic  solvents,  and  (3)  no  foreign 
base  or  salts  is  introduced  as  a  precipitating  agent. 

Washington,  D.  C. 
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AN  INDIRECT  METHOD  OF  DETERMINING  THE  SPECIFIC 

HEAT  OF  DILUTE  SOLUTIONS,  WITH  PRELIMINARY 

DATA  CONCERNING  HYDROCHLORIC  ACID. 

By  Tbbdorb  W.  Richards  and  Allan  W.  Rows. 

Received  June  16.  1920. 

Method  and  Apparatus. 

The  specific  heat  of  a  dilute  solution  can  be  determined  indirectly  from 
the  difference  in  the  heat  evolved  on  diluting  a  known  concentrated  solu- 
tion to  a  solution  of  the  desired  strength  at  2  different  temperature.1 
This  method  rests  upon  the  familiar  consequence  of  the  first  law  of 
thermodynamics  known  as  Kirchhoff's  Law,  viz.. 

KM-K'M  =  (U'-U)/M  (1) 

In  this  equation  K M  and  K'm  represent,  respective,  the  molal  heat  capaci- 
ties of  the  reacting  substances  and  of  the  products,  and  U  and  U'  the  re- 

1  Berthelot  pointed  this  out  long  ago,  but  did  not  test  it  experimentally  (Mecanique 
chimique,  it  278  (1879)).  Perhaps  the  first  experimental  application  of  the  principle 
has  been  made  by  one  of  us  and  A,  B.  Lamb,  Proc.  Am.  Acad.  40.  675  (1905).  As 
these  authors  pointed  out,  the  process  is  a  very  accurate  one,  the  errors  being  divided 
instead  of  multiplied  by  it.  Tucker's  interesting  work  deals  primarily  with  con- 
centrated solutions  (Phil.  Trans.  [A]  315,319  (1915)).  This  was  published  some  time 
after  the  present  work  (the  publication  of  which  was  much  delayed  by  the  war)  was 
completed.  The  "continuous  flow"  method  used  for  heats,  of  neutralization  by  J.  B. 
Dickson  at  the  suggestion  of  A.  A.  Noyes  and  under  the  direction  of  P.  G.  Keyes  might 
be  used  for  work  of  this  kind,  but  has  not  yet  been  so  employed  (Thesis  submitted  to 
Faculty  of  Mass.  Inst.  Tech.,  1917). 
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spective  total  energy  changes — in  the  case  in  hand,  the  heats  of  dilution — 
at  the  temperatures  B  and  (0  +  A0). 

According  to  this  principle,  when  once  the  heat  capacity  of  a  concen- 
trated solution  has  been  determined,  that  of  any  less  concentrated  solu- 
tion can  be  obtained  merely  by  the  measurement  of  2  heats  of  dilution. 
Hence  the  method  is  highly  convenient,  because  heats  of  dilution  are 
easier  to  determine  than  specific  heats.  The  present  paper  exemplifies 
the  experimental  use  of  the  method,  and  confirms  the  specific  heats  of  a 
number  of  solutions  needed  in  other  work. 

The  appparatus  was  planned  in  such  a  way  that  the  2  liquids  to  be 
mixed  should  be  at  precisely  the  same  temperature  before  mixing.  In 
principle  similar  to  those  employed  in  1905  by  one  of  us,  first  with  the 
help  of  A.  B.  Lamb1  and  later  in  improved  form  with  the  help  of  L.  J. 
Henderson,2  it  embodied  the  further  improvements  which  we  have  al- 
ready described  and  pictured.8  In  this  apparatus  the  concentrated  solu- 
tion was  enclosed  in  an  inner  platinum  receptacle  partly  immersed  beneath 
the  water  in  the  calorimeter;  when  both  liquids  had  attained  exactly  the 
same  temperature,  the  inner  receptacle  was  put  into  communication  with 
the  outer,  and  by  suitable  stirring  the  fluids  were  mixed.  The  thermo- 
chemical  measurement  was  accomplished  adiabatically. 

Several  combinations  of  calorimeter  apparatus  were  necessary  in  order 
to  accommodate  the  varying  proportions  of  liquids.  For  the  main  re- 
ceptacle, either  one  of  two  cylindrical  platinum  cans  was  used;  the  first,  A, 
having  a  capacity  of  1.4  liters  and  the  second,  B,  having  a  capacity 
about  half  of  this  amount.  These  cans  contained  in  each  case  the  water 
to  serve  as  diluent. 

According  to  the  amount  of  concentrated  solution  to  be  diluted,  one 
of  4  inner  receptacles  was  employed.  Each  of  these  inner  receptacles 
answered  in  general  to  the  description  already  given,  but  they  varied  in 
volume  from  0.7  liter  to  0.025  liter.  A  detailed  description  of  each  fol- 
lows. 

a.  This  inner  receptacle  (used  only  with  Can  A)  had  a  capacity  of 
about  0.7  liter,  making  it  possible  to  mix  equal  volumes.  The  great  diffi- 
culty in  this  case  is  to  conduct  the  mixing  in  such  a  way  as  to  cause  the 
temperature  to  rise  regularly  in  all  parts  of  the  calorimeter.  If  this  is  not 
accomplished,  irregular  losses  of  heat  are  bound  to  occur,  no  matter  what 
calorimetric  method  is  used.  Since  the  combination  A  a  was  used  not 
only  in  this  work,  but  also  in  many  determinations  of  the  heat  of  neutral- 

lLoc.  tit. 

*  T.  W.  Richards  and  L.  J.  Henderson,  Proc.  Am.  Acad.,  41,  11  (1905);  Z.  physik. 
Chem.,  52,  560  (1905). 

•  T.  W.  Richards,  A.  W.  Rowe  and  L.  L.  Burgess,  This  Journal,  32,  1180  (1910). 
Tucker's  apparatus  (loc.  cit.)  was  a  modified  form  of  this  arrangement,  embodying  the 
same  idea. 
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ization,  its  manner  of  use  may  be  described  in  full.  It  is  indicated  in 
the  sectional  diagram, 
Fig.  1 .  The  large  plati- 
num calorimeter  can,  A, 
was  placed  within  a 
"submarine"  jacketing 
vessel  (5)  protected  by 
an  annular  air  space 
which  was  maintained 
by  the  use  of  thin  cork 
wedges  at  the  bottom 
and  sides.  A  2-stage 
narrow  platinum  ring- 
stirrer,  0,  alternating 
45  times  per  minute, 
thoroughly  agitated  the 
liquid  without  causing 
appreciable  heating  ef- 
ect.  The  stirrer  was 
suspended  upon  hard 
rubber  rods  of  the 
smallest  possible  diam- 
eter in  order  to  mini- 
mize the  pumping  of 
air  through  the  copper 
tubes  and  consequent 
extraneous  heat 
changes.  Circulation  of 
air  through  the  tube 
was  prevented  by  loose 
plugs  of  cotton  wool 
(not  shown  in  the  dia- 
gram). The  inner  edges 
of  the  stirrer  carried 
several  fine  platinum 
wires  (/)  which  effec- 
tually prevented  its 
catching  on  the  edge  of  *%• 
the  inside  receptacle. 

This  vessel,  which 
contained  the  solution 
to  be  diluted,  was 
mounted  upon  stout 


x. — Adiabatic  thermochemical  apparatus  for  mixing 
equal  volumes  of  liquids.  It  consists  of  a  calorimeter 
A  to  contain  one  of  the  liquids  and  an  inner  vessel  a 
to  contain  the  other,  with  valves  C,  g,  g,  k,  k  for 
communication.  Its  working  is  fully  explained  in  the 
letter  press.  The  small  valves  g,  g,  are  shown  in  the 
greatly  enlarged  detail  in  the  upper  right-hand  comer. 
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platinum  legs  of  L  shape,  the  outer  circumference  of  which  was  that 
of  the  inner  circumference  of  the  calorimeter.  As  is  evident  from 
the  figure,  the  amount  of  lateral  clearance  of  the  calorimeter  stirrer 
was  very  slight,  and  this  centering  device  was  necessary  to  avoid  cramp- 
ing when  in  action.  Three  lugs  at  the  upper  edge  of  the  inner  can  (not 
shown  in  the  diagram)  were  found  to  be  of  assistance  in  preventing  any 
tilting  of  the  inner  receptacle  (a).  The  floor  of  this  latter  was  perforated 
with  3  short  tubes,  one  (Q  of  large  diameter — 1.5  cm. — closed  by  the 
small  rubber  stopper;  and  two  of  small  bore — o.  15  cm. — closed  by  small 
platinum  valves  (g),  all  made  fast  with  beeswax.  The  detail  of  the  smaller 
valves  can  be  seen  to  better  advantage  in  the  greatly  enlarged  detailed 
drawing  in  the  upper  right-hand  corner.  The  platinum  plug  g  rested  in 
the  opening  kh.  Beeswax  (ww),  easily  melted  into  place  with  a  hot  glass 
rod,  cemented  them  together,  making  a  tight  joint  impervious  to  water. 
All  the  valves  were  manipulated  by  means  of  attached  platinum  wires. 
The  small  platinum  baffles  (x,x)  served  to  deflect  the  outflowing  liquid 
from  the  bottom  of  the  calorimeter.  In  addition  to  the  valves  already 
described,  2  more  (kk)  were  placed  in  the  upper  part  of  the  inner  con- 
tainer and  were  of  the  same  size  and  general  description  as  the  large  valve 
in  the  container  floor.  A  2-stage  platinum  stirrer  Q,  alternating  45 
times  per  minute,  agitated  the  contents  of  the  inner  can,  working  in  op- 
position to  that  in  the  outer  vessel  and  producing  a  pumping  effect  in 
the  liquid  when  the  valves  were  open.  The  suspension  was  through  a 
rod  of  hard  rubber  of  minimum  diameter.  Two  carefully  calibrated 
thermometers  (T1T2)  were  at  first  used,  one  in  the  water  in  the  annular 
space  between  the  two  cans,  and  one  in  the  solution  in  the  inner  recep- 
tacle. 

The  external  bath  was  brought  to  within  o.  1  °  of  the  proposed  initial 
temperature,  the  valves  of  the  inner  container  were  then  made  fast,  the 
appropriate  amount  of  water  (about  0.55  liter)  was  placed  in  the  outer 
vessel,  and  the  solution  to  be  diluted  was  placed  in  the  closed  inner  ves- 
sel after  making  sure  that  the  valves  were  all  tight.  The  liquids  in  both 
the  inner  vessel  and  the  outer  vessel  were  weighed  and  the  apparatus 
containing  the  liquids  assembled.  The  stirrers  were  put  in  place,  the 
lugs  arranged,  the  gasket  added,  the  case  cover  put  on,  the  set  screws 
(K)  tightened  and  the  level  of  the  outer  bath  restored  to  the  position 
shown  in  the  drawing.  The  rest  of  the  apparatus  was  then  rapidly  as- 
sembled. The  alternating  stirrers  were  actuated  by  metal  rods  working 
in  guides  which  insured  that  uniformity  of  position  of  the  moving  parts, 
essential  to  their  perfect  functioning. 

In  a  few  minutes  after  the  stirrers  were  set  in  motion,  the  calorimetric 
system  was  thermally  homogeneous — the  temperature  of  the  outside  bath 
being  carefully  regulated  to  accord  with  that  of  the  calorimeter.    Under 
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these  conditions  the  calorimetric  temperature  would  remain  constant 
for  an  indefinite  period.  After  a  10-  to  15 --minute  interval  of  constant 
readings,  the  inner  thermometer,  Tt,  was  carefully  read.  On  an  up- 
stroke of  the  inner  stirrer,  the  small  platinum  valves  were  withdrawn 
and  a  portion  of  the  acid  was  automatically  sucked  up  into  the  inner 
chamber.1  The  pumping  effect  of  the  2  stirrers  now  effected  a  gradual 
mixing  of  the  2  solutions,  which  caused  a  steady  rise  of  temperature  in 
both  the  inner  and  outer  chambers.  So  perfect  was  the  interchange 
and  so  efficient  the  mixing  that  at  no  time  during  an  experiment  was 
there  an  important  difference  in  temperature  (0.020-0. 030 °)  between 
the  inner  and  outer  liquids,2  even  when  a  reaction  involving  a  40  total 
rise  was  concerned.  This  observation  was  further  confirmed  by  raising 
and  lowering  the  thermometers,  these  differences  producing  no  essential 
change  in  their  readings.8  When  the  mixing  had  approached  comple- 
tion and  the  speed  of  change  had  greatly  diminished,  the  large  rubber 
valve  in  the  floor  and,  one  minute  later,  those  in  the  walls  were  opened. 
Complete  equalization  was  speedily  realized,  as  was  indicated  by  constant 
readings  of  the  thermometers.  During  the  change  of  temperature  in 
the  calorimeter,  the  temperature  of  the  jacket  was  correspondingly  altered, 
the  difference  between  the  two  at  no  time  exceeding  a  few  hundredths 
of  a  degree.  After  a  10-  or  15-minute  interval  of  constant  readings,  the 
inner  thermometer  was  again  carefully  read,  the  rise  from  the  initial 
constant  point  constituting  the  value  A*i  or  Afe  of  the  subsequent  computa- 
tions. It  remained  only  to  break  down,  wash,  dry  and  reassemble  the 
apparatus  for  a  new  experiment. 

b.  The  second  dilution  receptacle  has  been  already  described  and  pic- 
tured in  a  previous  article.4  This  contained  about  0.25  liter,  was  wide 
open  at  the  top,  and  had  a  single  small  opening  in  the  bottom.  It  was  sus- 
pended on  3  stout,  platinum  wires,  connected  with  thin  hard-rubber  tubes 
and  rods  above.  The  single  lower  small  opening  was  stopped  by  means 
of  a  small  rubber  stopper;  from  which  a  wire  for  withdrawal  projected 
through  the  cover  of  the  calorimeter,  just  as  with  the  central  orifice  in 
receptacle  a.  The  weighed  quantity  of  concentrated  liquid  in  the  inner 
receptacle  was  stirred  by  a  2-stage  platinum  reciprocating  stirrer,  which 
moved  always  in  the  direction  opposite  to  that  of  the  annular  reciproca- 
ting stirrer  in  the  outer  concentric  vessel.  The  calculated  amount  of 
water  was  placed  in  the  platinum  calorimeter,  that  of  the  solution  in  the 
1  The  apparatus  was  so  designed  that  with  the  originally  computed  amounts  of 
liquid,  the  outer  level  was  slightly  the  higher. 

*  When  this  fact  had  been  thoroughly  established  by  experiment,  the  use  of  the 
second  (outer)  thermometer  (7\)  was  discontinued. 

*  The  difference  in  hydrostatic  pressure  thus  produced  were  not  enough'to  effect 
the  thermometer  readings  by  0.0010. 

4  Richards,  Rowe  and  Burgess,  he.  cit.t  p.  11 79. 
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receptacle  b,  and  the  apparatus  was  assembled  in  the  "submarine"  ves- 
sel exactly  as  in  the  case  of  a.  The  conduct  of  the  determination  did  not 
differ  essentially  from  that  described  under  the  preceding  head,  except 
that,  before  the  conclusion,  the  top  of  the  receptacle  b  was  lowered  beneath 
the  liquid  level  to  insure  complete  mixing. 

c.  The  third  receptacle,  c,  was  a  gold  vessel  similar  in  all  details  ex- 
cept size  and  material  to  the  preceding,  and  contained  about  ioo  cc. 

d.  The  fourth  receptacle,  d,  was  a  small  platinum  container  holding 
about  25  cc.,  similar  to  b  and  c. 

The  heat  capacities  of  these  several  outfits,  with  the  appropriate  stir- 
rers, thermometers,  etc.,  in  the  combinations  employed,  were  as  follows. 
A  a,  19.0;  A  b,  15.4;  A  c,  16. 1;  A  d,  12.4. 
Bb,  11. o;  Be,  11. 7;  Bd,  7.9.    (cal./°C). 

When  the  large  calorimeter,  A,  was  used,  either  with  a,  6,  or  c  as  ac- 
cessory, the  amounts  of  solution  and  water  taken  were  such  that  the  total 
heat  capacity  was  usually  in  the  neighborhood  of  1100  cal./°C;  whenever 
the  small  calorimeter,  B,  was  used,  the  corresponding  figure  was  about 
550  cal./°C.  With  the  former  outfit,  the  solid  parts  of  the  calorimeter 
averaged  about  1.5%  of  the  total  heat  capacity;  with  the  latter  outfit, 
about  2.0%.  That  is  to  say,  the  factor/  (referred  to  later)  is  1 .015  in 
one  case  and  1.02  in  the  other.  These  approximate  values  are  usually 
exact  enough  to  correct  the  actual  values  of  (Afc  —  Aii)  to  the  ideal 
values  which  would  have  been  observed  if  the  calorimeter  had  possessed 
zero  heat  capacity,  as  will  be  seen  more  clearly  soon. 

The  mercury-in-glass  thermometer  used  for  measuring  the  tempera- 
ture changes  had  been  especially  constructed  for  the  purpose  by  an  ex- 
pert. The  bulb  had  a  capacity  of  nearly  4  milliliters,  and  the  scale  (which 
showed  a  range  of  temperature  from  15 . 5  °  to  20 . 8  °)  was  40  cm.  in  length. 
Each  degree  was  divided  into  hundredths  by  fine,  clear  lines,  making  the 
reading  of  0.0005 °  a  matter  of  ease  and  certainty.  The  thermometer 
was  originally  filled  under  an  atmosphere  of  hydrogen  to  obviate  the  possi- 
ble formation  of  a  film  of  oxide.  This  precaution  insured  a  freely  moving 
thread,  which  was  gently  tapped  before  a  reading.  The  scale  was  care- 
fully calibrated  in  the  usual  manner  by  comparison  with  2  normal  ther- 
mometers (Baudin,  Nos.  15200  and  15276).  For  work  of  this  nature, 
where  small  temperature  intervals  are  to  be  measured  at  different  parts 
of  the  scale,  it  is  evident  that  a  large  number  of  adjacent  points  must  be 
determined  if  reasonable  accuracy  is  to  be  secured,  especially  in  those 
parts  of  the  column  which  show  irregularity.  Clearly  the  usual  method 
of  calibrating  thermometers  by  comparison  with  a  standard  at  a  few 
points  only  in  the  scale  may  tend  to  give  misleading  data  for  some  of  the 
intervening  points.    Of  course,  when  (as  in  this  case)  the  temperature 
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intervals  are  small,  a  small  error  in  reading  is  a  large  per  cent,  of  the  whole. 
Although  we  did  our  best  with  the  means  at  our  disposal  to  effect  an  ade- 
quate standardization  at  frequent  intervals  over  the  whole  scale,  we  be- 
lieve this  to  have  been  the  least  satisfactory  part  of  the  work.  The  elec- 
trical methods,  when  properly  outfitted  and  handled  with  elaborate  pre- 
caution, are  better  in  such  cases;  but  at  the  date  of  making  these  deter- 
minations (1912)  we  had  no  electrical  apparatus  which  would  yield  a  de- 
gree of  precision  equal  to  that  of  the  mercury-in-glass  instrument.  The 
description  of  the  general  method  will,  however,  serve  our  main  purpose, 
even  if  the  final  figures  may  ultimately  need  slight  revision. 

The  Data  of  a  Typical  Determination  in  Full. 
A  specimen  series  of  experiments  may  be  given  together  witlj  the  cal- 
culations in  order  to  show  the  magnitude  of  the  quantities  concerned,  the 
method  of  experiment,  and  the  details  of  the  calculation.  The  case  of 
hydrochloric  acid  is  chosen.  The  original  solution  contained  9.174% 
of  pure  hydrogen  chloride  (the  mean  of  2  gravimetric  analyses  giving 
9. 173  and  9. 175,  respectively)  and,  therefore,  has  the  concentration  HC1, 
20.03  H2O.  This  was  diluted  in  2  series  (of  3  experiments  each)  to  the 
concentration  HCI.100H2O,  at  2  different  temperatures. 

Table  I. 

Heat  of  Dilution  of  HC1.2oH,0  to  HCLxooHsO. 

(Heat  Capacity  of  Solid  Parts  of  Calorimeter  -  15.4  Cal./I.) 

At  the  lower  At  the  higher 

temperature.  temperature. 

HClaol.        HtO.  * • >  * • > 

Expt.  G.  G.  fi.  Ah.  fi.  Ais. 

1 225.O     817.3      15.800      +0.249*     20.41      +0.266° 

2 225.O     817.3      15-84°  0.249°     20.49         0.267° 

3 225.O     817.3      15-86°  O.2490     20.47  0.267° 

Average     15.83°    0.2490°      20.46        0.2667 

In  order  to  calculate  from  these  figures  the  specific  heat  of  the  dilute 
solution,  that  of  the  original  more  concentrated  acid  HCI.20H2O  must 
be  known.  This  was  found  by  the  method  described  in  a  preceding 
paper1 — a  definite  weight  of  the  acid  being  raised  in  temperature  by  the 
heat  given  out  by  neutralization  of  a  known  weight  of  pure  dil.  sulfuric 
acid  in  an  enclosed,  sunken  receptacle,  and  the  result  being  compared  with 
a  similar  procedure  with  a  definite  weight  of  pure  water  calculated  to  the 
same  temperature.  The  calorimetric  outfit  had  a  total  heat  capacity 
of  139.09  cal./°C.  in  addition  to  that  of  the  liquid  to  be  determined. 

1  T.  W.  Richards  and  A.  W.  Rowe,  Proc.  Am.  Acad.,  49, 173  (1913) ;  Z.  physik.  Chem. 
841  585  (1913).    See  especially  pp.  190  and  601  respectively. 
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Tak*  n. 

Specific  Heat  of  HCI.20H4O. 

(a)  Averages  of  Experiments  with  Pure  Water.0 

Water  HsSOi 

Average.  G.  O.  k' 

1 450.18  H4.85         30.72         4.225 

2 430.I7         11486         1977         4-234 

Interp 450.18        114.85        20.53        4.228 

(6)  Individual  Experiments  with  the  Acid  Solution. 

HCI.  20HsO.       HsSOt.  Sp.  Ht. 

Expt.  G.  G.  h.  *-*.       HC1.20.03HsO. 

1 503.24  II4.86  20. 360  4. 400°  O.8489 

2 503.26  H4.87  20.I30  4. 4©2°  O.849I 

3 503.25  IX4.85  20.05°  4-4020  O.8492 

4 503.24  II4.86  20.62°  4.398°  O.8485 

5 503.26  114.86  20.27°  4401°  O.8488 

6 50325  1x487  20.54°  4-397°  0.8490 

Average 503.25        114.86        20.33  4-4O0         0.8489* 

*  T.  W.  Richards  and  A.  W.  Rowe,  Proc.  Am.  Acad.,  40,  191  (19x3)* 

*  An  earlier  determination  of  this  quantity  by  a  somewhat  less  satisfactory  method 
{ibid.,  43,  475  (1908)),  gave  the  nearly  identical  value,  0.8488. 

These  6  individual  experiments  evidently  agree  closely.  The  method  of 
calculating  the  values  given  in  the  last  column  is  exemplified  as  follows. 
From  the  interpolated  value  for  water  at  t%  =  20.33 °  a^d  the  average 
data  of  Series  (6),  the  following  equation  gives  the  specific  heat  x  of  the 
more  concentrated  solution: 

(503-25*  +  13909)  4-400  =  (450.18  +  139-09)  4-228  X  1. 0001 
in  which  the  last  factor  takes  account  of  the  fact  that  slightly  less  sulfuric 
acid  was  neutralized  in  Series  (a)  than  in  Series  (6).    Hence,  x  =  0.8489, 
the  specific  heat  of  HCl.20.03  H*0.    Corrected  to  exactly  HCl.20.00  H*0 
this  value  becomes  0.8487. 

The  Calculation  of  the  Result  for  the  Dilute  Solution. 

The  data  are  now  all  at  hand  for  the  calculation  of  the  specific  heat  of 
the  more  dilute  acid,  and  we  may  turn  again  to  the  data  of  Table  I.  To 
assist  in  the  correct  substitution  of  the  several  quantities  in  the  Kirch- 
hoff  equation,  it  is  well  to  define  each  quantity  and  use  a  definite  notation 
throughout,  as  follows. 
U  and  U'        =  heats  of  dilution  of  amounts  employed,  at  lower  and 

higher  temperatures,  respectively. 
l/M  and  I/'m  =  heats  of  dilution  with  molal  amounts,  at  lower  and 

higher  temperatures,  respectively. 
M  =  molal  weight  of  total  solution  (e.  g.9  HCI.  100  HtO  =» 

1838.07). 
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t\  -  0  —  273 .  i  —  centigrade  temperature  after  dilution  at 

lower  temperature. 

fe  =  0  +  A0  —  273. i  =  centrigrade  temperature  after  dilu- 

tion at  higher  temperature.1 

A0  =  h  —  h  =   range  of  temperature  covered  by  Kirchhoff 

equation. 

A/i  =  rise  of  temperature  on  dilution  at  lower  temperature. 

Afe  =  rise  of  temperature  on  dilution  at  upper  temperature. 

/  =  factor  necessary  to  correct  K\  and  K%  for  heat  capacity 

of  calorimeter  vessels. 

V  =*  1 .0005  —  0.00025  (f  —  16)  =  another  factor  taking  ac- 

count of  changing  specific  heat  of  water. 

n  =  number  of  mols  of  reacting  substance  in  experiment. 

K\  and  Kt      =  initial  capacities  of  whole  system  over  the  ranges  A/°i  ahd 
£t°%f  respectively. 

K  =  average  initial  heat  capacity  of  reacting  material  (ex- 

cluding calorimeter)  between  h°  and  d°. 

K'  =  average  final  heat  capacity  of  reacted  material  (excluding 

calorimeter)  between  /i°  and  fe°. 

KM  and  2C'M  =  Kin  and  K'/n  =  corresponding  heat  capacities  of  molal 
quantities. 

Sc  =  specific  heat  of  initial  concentrated  solution. 

S4  =  specific  heat  of  final  dilute  solution. 

(Both  referred  to  water  as  unity  over  the  same  range  of  temperature.) 

(The  atomic  weights  are  those  of    the    current    International    Table. 

HjO  =  18.016;  HC1  =  36.47.) 

The  quantity  of  heat  ([/)  actually  evolved  in  the  calorimeter  on  dilu- 
tion at  h  is  Kx  A/x,  and  that  (t/0  at  i,  is  Kt  Afe.  Hence  the  Kirchhoff  cal- 
culation takes  the  following  exact  form: 

K_K,  =  KiMi-Kl*l  (a) 


now 


or 


Ad 

_  K~ 

-(KiAtt—KiAti)/^0 

Mn 

K 

KtbU  —  KiAtt 

S'~  Mn »= (3) 


d       Mn  MnAS  w 

Another  less  exact  but  often  adequate  and  more  convenient  mode  of 

computing  the  results  may  also  be  given.    As  an  approximation,  Equation 

2  may  be  simplified  by  taking  account  of  the  fact  that  Kx  and  Kt  differ 

1  Since  the  heat  capacities  of  the  factors  of  the  reaction  were  used  in  making  the 
calculation,  the  final  temperature  of  each  dilution  is  that  which  must  be  called  the 
temperature  of  the  experiment  (Richards,  This  Journal,  25,  209  (1903)). 
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(when  A0  =  40)  by  only  about  o.  i%1  and  that  each  is  essentially  equal 
to  Kf.  When  the  deviation  of  o.  1%  is  too  small  to  be  of  any  account, 
the  Kirchhoff  Equation  (2)  may  be  taken  as 

g-g'-^V^  (5) 

which  affords  the  most  convenient  means  of  calculating  the  heat  capacity 
change  from  the  small  rises  of  temperature  observed  on  dilution  at  2 
temperatures.  The  equation  is  not  sufficiently  accurate  in  this  form  if 
A/i,  A/2  or  A0  are  large. 

The  factor  /  was  computed  by,  comparison  of  heat  capacities,  but  it 
may  be  just  as  well  considered  in  relation  to  the  temperature  changes. 
Evidently,  by  multiplying  the  two  At  values  by  this  factor  we  shall  ob- 
tain the  amounts  which  the  temperature  would  have  risen  if  the  calori- 
meter had  been  an  ideal  one,  without  heat  capacity.  The  result  (/A/) 
will  be  entirely  independent  of  the  size  or  nature  of  the  apparatus,  and  will 
hold  for  any  amounts  of  the  two  liquids,  provided  only  that  they  are  in 
the  definite  proportion  corresponding  to  the  given  degree  of  dilution. 

Hence  the  approximate  calculation  with  Equation  5  may  be  carried 
out  at  once  on  a  gram  molecular  basis.  Substituting  the  appropriate 
quantities  of  the  present  case  in  Equation  5,  we  find 

V  V     -  1778.2  X  1. 015  (0.26670—  0.249 °)  . 

^m  —  ^  m  =  7-5 =  6.9  cat./  C 

4-63 

The  molal  heat  capacity  of  KM  of  the  factors  (HCI.20  HjO  +  80  HjO) 
was  396.8  X  0.849  +"  i44I-3  =  1778.2.  Hence  that  of  the  product 
^'m  =  1778.2 — 6.9  =  1771.1.  This  number  is  the  molal  heat  capac- 
ity of  HCI.100H2O.  The  weight  being  1838. 1,  the  specific  heat  of 
HCl.ioo  H20  referred  to  water  over  the  same  range  of  temperature  must 
be  1771.1/1838.1  =  0.9636  =  Sd.  The  error  in  this  result  (caused  by 
the  fact  that  the  changing  specific  heat  of  water  is  not  considered  in  it), 
is  less  than  one  in  the  last  place  of  decimals.  This  error  may  be  corrected 
by  subtracting  from  the  quantity  KM  —  K'Mi  a  small  correction  numer- 
ically equal  to  1/4000  of  KMAtt  which  takes  account  of  the  change  in  the 
specific  heat  of  water  between  h  and  fe. 

The  result  o .  9636  just  given  agrees  well  with  an  earlier  direct  determina- 
tion (0.9634)  of  the  specific  heat  of  this  solution.  The  closeness  of  agree- 
ment is  indeed  partly  accidental  since  the  possible  experimental  error 
might  have  led  to  a  somewhat  wider  divergence. 

Similarly,  an  approximate  but  usually  adequate  method  may  be  used 
for  calculating  t/M  and  U'M  (which  are,  respectively,  equal  to  K\At\/n 
and  K2Ah/n),    The  details  of  K\,  K2  and  n  are  bulky,  and  accordingly  in 

1  The  heat  capacity  of  water  at  160  may  be  taken  as  0.05%  greater  and  that  at 
20°  as  0.05  °  less,  than  the  average  value  over  the  range  16-20°. 
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the  table  for  the  sake  of  economizing  space  KM  alone  is  recorded. 
The  quantity  KM  may  be  reduced  to  its  value  at  any  temperature  (t)  be- 
tween 160  and  200  through  multiplication  by  a  factor  (almost  unity) 
/'  =  1.0005  —  0.00025  (t —  16). l  This  factor  in  most  cases  produces 
so  little  effect  that  it  is  applied  below  only  for  the  sake  of  completeness. 
Data  for  Various  Dilutions  of  Hydrochloric  Acid. 

The  details  concerning  the  manipulation  and  essential  data  of  a  single 
case  having  been  given,  the  outcome  of  a  number  of  experiments  involv- 
ing the  dilution  of  hydrochloric  acid  may  be  very  briefly  detailed. 

Two  fairly  concentrated  solutions  were  used  in  the  dilution  experiment 
with  hydrochloric  acid.2  The  first  (HCI.10H2O)  was  taken  as  0.752,  a 
result  which  depends  chiefly  upon  Thomsen's3  observed  value  0.749 
and  Marignac's  0.7604  giving  the  former  about  twice  the  weight  of  the 
latter.  Sundry  theoretical  considerations  which  need  not  be  detailed 
here  support  this  value.  The  second  hydrochloric  acid  solution  (HCI.20- 
HjO)  was  found  to  have  a  specific  heat  0.849  m  the  experiments  detailed 
in  Table  II.  These  values  for  the  specific  heats  were  used  in  calculating 
the  heat  capacities  of  the  factors  in  the  reaction;  they  need  not  be  known 
very  accurately,  since  the  concentrated  solutions,  as  a  rule,  formed  but 
a  small  part  of  the  total  heat  capacity. 

The  values  A*i  and  Afc  (the  actual  observed  rises  of  temperature  of  the 
calorimeter)  were  each  the  result  of  an  average  of  at  least  2  determina- 
tions, and  sometimes  of  3  or  4,  when  there  seemed  to  be  any  doubt  about 
the  value.  The  experiments  already  given  are  typical.  Apart  from  the 
possible  errors  in  the  standardization  of  the  thermometer,  these  figures 
can  hardly  be  in  error  more  than  0.00050. 

Table  III. 
Observations  Giving  Rise  of  Temperature  on  Dilution  at  Two  Different  Temperatures. 

Calo-  k.  tt—h.         A*i.  Al».  Afe— Ait. 

Factors  in  Reaction.  rimeter.  °  C.         °  C.  °  C.  °  C.  °  C. 

HO.ioHsO  +  15H1O Bb  19.65  1.84  1.5835  16075  0.0240 

HCL10H1O  +  40H1O Ab  1975  2.75  1.0245  1.0550  0.0305 

HCI.10H1O  +  90H1O Ac  1985  3  36  0.5720  0.5975  0.0255 

HCL20H1O  +  8oHsO A  b  19.92  4. 11  0.2490  0.2655  0.0165 

HC1.2oHfO  +  80H1O Ab  20.69  463  0.2490  0.2667  0.0177 

HCI.10H1O -f  190H1O Ac  1983  3-74  0.3053  0.3190  0.0137 

HCI.20H1O  +  180H1O Ab  20.31  4.51  0.1417  0.1520  0.0103 

HCl.ioHtO  +  390H1O Ac  19.88  3.58  0.1595  0.1670  0.0075 

HCI.10H1O  +  79oH,0 Ad  18.19  0.084 

The  results  given  in  this  table  may  be  used  for  calculating  2  different 
but  allied  quantities,  namely  the  heat  of  dilution  on  the  one  hand  and  the 

1  Of  course  this  is  merely  approximate,  the  true  relation  b.ing  curved,  not  linear. 

*  Loc.  cit.,  p.  198. 

*  J.  Thomsen,  "Thermochemische  Untersuchungen,"  1,  p.  38. 
4  Oeuvres  Compl.  2,  238. 
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specific  heat  of  the  dilute  solution  on  the  other  hand.  Considering  the 
exposition  already  given  it  will  be  sufficient  to  give  tables  detailing 
these  results  without  further  explanation.  Immediately  following  is 
the  table  giving  the  molal  heat  of  dilution.  Attention  is  called  to 
the  fact  that  the  values  of  UM  and  U'u  may  be  calculated  not 
only  from  the  fashion  indicated  below,  but  also  from  the  data  given 
according  to  the  equation  l/M  =  Kuf'btu  with  the  sufficient  accuracy 
for  the  present  purpose.  On  this  account  the  detailed  data  for  K%9  K*, 
and  n  need  not  be  given  herewith,  although  they  were  used  in  the  actual 
calculation  of  the  U  values. 

Tabuj  IV. 
Molal  Heat  of  Dilution  of  Hydrochloric  Add. 
*m. 

Factors  in  Reaction.  6B.  (at  18°.) 

HCLioHsO  -f-  15H1O. . .     1 . 84  433 . 1 

HCI.10H1O  +  4oH,0. . .     2 .  75  883  •  5 

HCl.ioH,0  +  ooH,0. . .     3 .36  1784. 3 

HC1.2oH,0  +  8oH,0. . .     4. 11  1778.2 

HC1.2oH,0  +  8oH20. . .     4.63  1778.2 

HCl.ioH,0  +  190H1O..     3.74  35859 

HCI.20H1O  +  180H1O..     4.51  35794 

HCl.ioHtO  +  390H1O. .     3.58  7189. 1 
HCl.ioH,0  +  790HSO. ... 
*  These  values  are  extrapolated. 

Yet  another  table  records  the  steps  in  the  calculation  of  the  specific 
heat  of  the  dilute  solutions  as  follows. 


Cm- 

tfM- 

Atf/A0- 

lAfi/m. 

KtAh/ni. 

(KM— K'm 

)   ^20°. 

70I 

712 

5.9 

7X4 

918.5 

946 

10. 0 

949 

IO36 

108 1 

13.3 

1082 

449.8 

479.0 

7.1 

480 

449.8 

481.4 

6.8 

477 

IIIO 

1 159 

13  1 

1161 

515 

552 

8.2 

549 

1 163 

1217 

15. 1 

1219  . 

I220 

15. 3a 

124741 

Tabus  V. 

Specific  Heat  of  Dilute  Hydrochloric  Acid  of  Several  Concentrations. 

K'm- 

Molal 

Sp.  Heat 

/^M-Heat 

Heat 

Wt. 

Product. 

Cap.  of 

Cap.  of 

Product. 

S«f- 

Factors  in  Reaction. 

Factors. 

Km — k'm. 

Product. 

M. 

Product. 

K'm/M. 

HCl.ioHrf)  +  I5H,0 

433.1 

59 

4273 

486.87 

HCL^HiO 

O.8776 

HCl.ioH,0+4oHsO 

883.5 

10. 0 

8735 

93727 

HC1.5oH,0 

O.9320 

Ha.ioHaO-f-ooH,0 

17843 

133 

I7709 

1838.07 

HCl.iooH,0 

O.9634 

HC1.2oH,0  +  8oH,0 

1778.2 

71 

I770.6 

1838.07 

HCl.iooH»0 

O.9633 

HQ.2oH^)-h8oH^) 

1778.2 

6!8 

I77L2 

1838.07 

HCUooHtO 

O.9636 

HCl.ioH,0  +  iooHtO 

35859 

13. 1 

35714 

363967 

HC1.20oH,0 

O.9812 

HC1.2oH,0  -f-  i8oH,0 

35794 

8.2 

35714 

363967 

HC1.20oH,0 

O.9812 

Ha.ioH,0-f-39oH20 

7189. I 

15. 1 

7174. I 

7242.87 

HC1.40oH^) 

0.9905 

These  values  are  in  remarkably  close  agreement  with  those  found  from 
Marignac's1  formula  for  the  molecular  heat  (K'M)  of  hydrochloric  acid 
solutions,  his  calculated  values  for  the  50,  100  and  200  H20  solutions  be- 
ing, respectively,  874,  1773  and  3572,  whereas  the  values  which  we  find 

1  C.  Marignac,  "Oeuvres  Completes,"  2,  479,  reprinted  from  Bibl.  Univ.  Archives, 
39i  238  (1870). 
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are  873.0,  1771.2,  and  3571.4  (See  Col.  4,  Table  V).  Thomsen's1 
figures  are  in  good  agreement  for  the  more  concentrated  solutions,  but  his 
value  3557  for  HCI.200  H*0  seems  to  be  seriously  in  error. 

An  interesting  check  upon  the  accuracy  of  the  values  if  M  —  #'m  is 
afforded  by  the  several  results  for  HCl.iooHsO  and  HCL200H2O  ob- 
tained in  different  ways.  For  the  more  concentrated  of  these  2  solu- 
tions 3  values  of  the  specific  heat  are  obtained,  0.9634,  0.9633,  0.9636. 
A  direct  determination  of  the  specific  heat  of  this  same  solution  gave 
0.9634.*  The  more  dilute  solution,  namely,  HCI.200H2O,  gave  0.9812, 
whereas  a  direct  determination  of  this  solution  gave  0.9814.' 

This  agreement  is  as  satisfactory  as  could  be  expected  and  leads  one 
to  infer  that  the  last  figure  given  in  the  last  column  of  Table  V  is  not 
likely  to  be  much  in  error.  Taking  account  of  the  possible  causes  of  un- 
certainty, one  may  guess  that  the  specific  heats  are  probably  determined 
within  0.05%. 

Although  the  specific  heats  depending  upon  KM  —  #'M  derived  from 
Afc  —  A/i  are  thus  apparently  trustworthy  within  one  cal./°C.  or  there- 
abouts, the  values  of  the  heats  of  dilution,  are  apparently  not  so  accurate. 
A  comparison  of  two  cases  in  the  last  column  of  Table  IV  points  to  a 
larger  error.  Subtracting  the  mean  (480)  of  the  fourth  and  fifth  figures 
in  that  column  from  the  third  figure  (1081)  we  get  the  value  6oi  for  the 
heat  of  dilution  of  HCl.io  HjO  to  HCI.20  H,0.  On  the  other  hand,  sub- 
tracting the  seventh  figure  (552)  in  that  column  from  the  sixth  (11 59) 
we  get  the  value  607  for  the  same  dilution.  This  is  a  discrepancy  of  nearly 
a  per  cent.  One  possible  explanation  for  the  consistency  of  the  differen- 
tial values  and  the  less  satisfactory  consistency  of  the  single  values  is  to 
be  found  in  the  fact  that  the  experiments  with  the  10H3O  and  2oH*0 
solutions  were  done  at  different  times  and  under  somewhat  different 
conditions  whereas  the  Afe  and  At\  values  in  any  one  case  were  deter- 
mined immediately  after  one  another  in  any  one  instance,  and  all  the  con- 
ditions were  as  nearly  as  possible  identical.  The  chief  cause  of  the  large 
error  of  the  single  values  is,  however,  the  widely  different  effect  of  error 
in  thermometric  reading  or  calibration  on  the  2  results.  An  error  of  o .  001  ° 
in  A*!  with  HCI.200  HjO  would  cause  an  error  of  nearly  4  calories  in  U, 
whereas  it  would  cause  an  error  of  only  one  cal./  °  C.  in  the  case  of  KM — K  'M 
and  but  0.0003  difference  in  the  specific  heat  of  the  dilute  solution  HC1.- 
200  H3O.  Evidently  the  agreement  of  the  results  is,  therefore,  as  good  as 
could  be  expected. 

As  regards  the  relationship  of  the  figures  one  to  another,  attention  may 
1  J.  Thamsen,  "Thermochemische  Untersuchungen,"  x,  39  (1882),  reprinted  from 
Aus.  Pogg.  Ann.,  14a,  337~379  (1871). 

s  Richards  and  Rowe,  Proc.  Am.  Acad.,  49,  173  (1913)- 
*Loc.  cii. 
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be  called  to  the  fact  that  in  every  case  the  heat  of  dilution  increases  with 
rise  of  temperature.  This  signifies  that  in  every  case  the  total  heat 
capacity  of  the  reacting  substances  decreases  during  the  act  of  dilution, 
a  fact  which  was  pointed  out  by  Thomsen1  and  Marignac1  long  ago, 
but  is  worthy  of  reiteration.  Modern  theory,  of  course,  refers  this  de- 
crease of  heat  capacity  to  increase  of  ionization.  The  phenomenon  is 
exactly  opposite  to  that  which  occurs  during  neutralization,  when  the 
total  sum  of  the  heat  capacities  of  acid  and  alkali  (each  containing  ioo 
HjO  per  mol)  increases  by  about  49  cal./t.  when  the  2  ions  H'  and  OH' 
disappear.  The  actual  loss  of  heat  capacity  when  HCl.io  H*0  (perhaps 
40%  ionized)  is  diluted  to  HCI.100  H20  (perhaps  77%  ionized)  is  of  the 
same  order  as  would  be  predicted  from  the  gain  of  heat  capacity  on  neu- 
tralization, although  not  exactly  concordant. 

Another  interesting  circumstance  is  the  fact  that  the  change  of  heat 
capacity  on  dilution  of  such  a  case  as  HO.  10  H2O  bears  an  almost  linear 
relation  to  the  mol-fraction  of  hydrochloric  acid  in  the  diluted  solution, 
when  the  solution  is  dilute.  The  most  convenient  means  of  exhibiting 
this  relationship  is  to  plot  KM  —  K'M  (taken  from  Table  V)  in  relation 

jn  to  the  fraction  of  a 
mol.   of  hydrochloric 
acid  corresponding  to 
a  mol.  of  water.    This 
is  shown  in   the  ac- 
companying diagram, 
Fig.   2.      With   more 
concentrated    s  o  1  u  - 
tions   the  relation  is 
by  no  means  linear, 
because  of  decreasing 
dissociation;3  but  the 
relation  indicated  by 
Fig.  2. — Change  of  heat  capacity  on  dilution  of  HC1.  the    almost     straight 
ioHjO.    Fractions  of  mol  HC1  per  1  mol  HiO  plotted  as  ifae  for  concentrations 
abscissas  (the  amount  of  water  being  that  in  the  final  dilute  ^.x—         up,         w  n 
solution).    Ku  —  K'm  plotted  as  ordinates.  Detween  m.l.25   ±1*U 

and  very  dilute  solu- 
tions falls  within  the  limit  of  experimental  error  of  every  one  of  the  values 
for  KM  —  K'M.  This  diagram  has  the  further  convenience  of  making  pos- 
sible the  computation  of  the  specific  heats  of  any  solution  of  hydrochloric 
1  J.  Thomsen,  "Thermochemische  Untersuchungen/'  z,  39  (1882);  reprinted  from 
Aus.  Pogg.  Ann.,  142,  337*379  (1871). 

*  C.  Marignac,  "Oeuvres  Completes/'  2,  p.  479,  reprinted  from  Bibl.  Univ.  Archives, 
39,  238  (1870). 

*  Tucker  (loc.  cit.)  has  found  a  simple  expression  for  calculating  the  specific  heats  of 
solutions  more  concentrated  than  HCI.15H1O. 


S 
3 


Digitized  by 


Google 


SPECIFIC  HEAT  Otf  DILUTE  SOLUTIONS.  1 635 

add  between  HCI.25H2O  and  infinite  dilution.  All  that  one  has  to  do 
is  to  read  off  on  the  curve  the  value  of  K'  —  K9  which  corresponds  to  the 
particular  solution.  This  value  is  subtracted  from  the  heat  capacity 
162.9  (the  heat  capacity  of  HO.  10 HsO)  and  the  result  added  to  that  of 
the  additional  water.  The  result  is  then  the  heat  capacity  of  the  dilute 
solution,  and  when  divided  by  the  total  molal  weight  of  this  solution 
gives  its  specific  heat.  For  example,  required  the  specific  heat  of  the  solu- 
tion HCI.40  HtO.  K M  —  K'm  is  found  from  the  curve  to  be  9 . 2.  Hence, 
(162.9  +  540.0  —  9-2)/757.o  ■»  0.9164  =  the  calculated  specific  heat 
of  HCI.40  H20. 

Further  theoretical  considerations  bearing  upon  these  figures  will  be 
reserved  for  a  later  communication. 

Many  other  similar  dilution  experiments  have  been  carried  out  by  this 
method  upon  the  following  substances:  nitric  acid,  lithium,  sodium  and 
potassium  hydroxides;  lithium,  sodium,  potassium  and  cesium  chlorides; 
lithium,  sodium,  potassium  and  cesium  nitrates. 

These  results  enable  one  to  calculate  the  specific  heats  of  a  great  variety 
of  solutions  as  well  as  to  calculate  the  change  of  the  heat  of  neutraliza- 
tion with  the  change  of  temperature.  Heats  of  neutralization  them- 
selves have  likewise  been  determined  in  an  extended  investigation,  using 
the  calorimeter  combination  A  a  described  above,  which  proved  itself 
especially  suitable  for  this  work.  These  results  will  be  collated  and 
published  as  soon  as  time  can  be  found  for  the  considerable  task. 

We  take  pleasure  in  acknowledging  our  indebtedness  to  the  Carnegie 
Institution  of  Washington  for  important  financial  assistance  in  this  ex- 
tended and  expensive  investigation. 

Summary. 
In  this  paper  the  indirect  method  of  determining  specific  heats  of  dilute 
solutions  by  measuring  their  heat  of  dilution  at  2  different  tempera- 
tures has  been  carried  into  effect.  By  its  means  the  specific  heats  of  a 
great  number  of  acids,  alkalies  and  salts  have  been  determined  with  a 
degree  of  accuracy  as  regards  the  more  dilute  solutions  of  perhaps  0.05%. 
The  results  for  hydrochloric  acid,  which  alone  are  given  in  this  preliminary 
paper,  are  as  follows:  HCI.10H2O,  0.752;  HCI.20H2O,  0.849  (these 
two  the  basis  of  computation);  HC1.25H20,  0.8776;  HCI.50H2O,  0.9320; 
HCI.100H1O,  0.9634;  HCI.200H2O,  0.9812;  HCI.400H2O,  0.9905. 
The  paper  is  nevertheless  rather  an  indication  of  an  advantageous  method 
than  a  final  contribution.  With  the  experience  gained,  yet  more  accurate 
results  may  be  obtained  in  the  future. 

Cambkido*,  Mass. 
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THE  PREPARATION  OF  IODIC  ACID  AND  ITS  ANHYDRIDE.1 

By  Arthur  B.  Lamb,  William  C.  Bray  and  Walter  J.  Geldard. 

Received  June  25,  1920. 

In  the  work  at  the  American  University  Experiment  Station  on  the 
absorption  of  carbon  monoxide,1  pure,  almost  anhydrous  iodine  pentoxide 
was  needed  both  in  the  analysis  for  carbon  monoxide  and  in  the  prepara- 
tion of  one  of  its  absorbents.*  Since  an  adequate  supply  of  iodine  pent- 
oxide  could  not  be  secured,  it  was  necessary  to  make  in  the  laboratory 
most  of  our  supply  of  this  material.  Moreover,  since  at  one  time  the 
absorbent  containing  it  appeared  to  be  the  best  available  one  for  carbon 
monoxide,  it  was  necessary  to  have  in  readiness  a  satisfactory  method  for 
the  preparation  of  iodine  pentoxide  on  a  large  scale. 

Considerable  quantities  of  iodic  acid  were  prepared  by  the  usual  method 
of  oxidation  of  iodine  with  nitric  acid.  We  soon  discovered,  both  from 
our  own  experiments  and  from  those  carried  on  for  us  elsewhere,  that 
while  this  material  is  perhaps  suitable  for  the  occasional  preparation  of 
small  quantities  in  the  laboratory,  it  is  too  difficult,  wasteful  and  expensive 
for  any  larger  operations.  Two  new  methods  based  on  well-known  reac- 
tions were,  therefore,  worked  out.  Both  of  them  start  with  iodine,  the 
cheapest  available  source  of  the  element,  and  barium  chlorate,  which  is 
available  in  large  quantities  and  is  relatively  inexpensive.  In  the  first 
method  the  iodine  is  directly  oxidized  by  an  acidified  solution  of  barium 
cnlorate,  and  the  resulting  insoluble  barium  iodate  is  transformed  into 
iodic  acid  by  means  of  sulfuric  acid.  In  the  second  method  the  reverse 
procedure  is  followed;  a  solution  of  pure  chloric  acid  is  prepared  from 
barium  chlorate  and  sulfuric  acid,  and  the  iodine  is  oxidized  to  iodic  acid 
by  means  of  it.  The  latter  method  proved  to  be  particularly  satisfactory, 
both  on  account  of  its  simplicity,  ease  and  adaptability  to  large  scale 
operations,  and  also  on  account  of  the  purity  of  its  product.  We  shall 
first  give  a  brief  description  of  the  barium  chlorate  method,  and  then  a 
fuller  description  of  the  chloric  acid  method. 

Barium  Chlorate  Method. — The  two  stages  of  preparation  of  iodic 
acid  by  the  barium  iodate  process  correspond  to  the  following  equations: 
I,  +  Ba(C10,)*  -  Ba(I08)t(solid)  +  CI,  )    (, 

Ba(IOa),(solid)  +  H2SO4  -  BaS04(solid)  +  2HIO,       J 
This  method  is  evidently  a  simplification  of  the  method  of  Millon4  who 
first  oxidized  iodine  with  an  acidified  solution  of  potassium  chlorate,  pre- 
1  Published  by  permission  of  the  Director  of  Chemical  Warfare  Service  and  of  the 
Director  of  the  Bureau  of  Mines. 

*  Lamb,  Bray  and  Frazer,  /.  Ind.  Eng.  Chan.,  12,  213  (1920). 

*  Lamb,  Bray  and  Frazer,  loc.  cit.t  p.  216, 

*  Ann.  chim.  phys.,  [3]  9,  400  (1840). 
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tipitated  barium  iodate  with  barium  chloride,  and  following  Gay  Lussac, 
set  free  iodic  acid  by  means  of  sulfuric  acid. 

While  the  first  step  in  this  process  does  take  place  substantially  in  ac- 
cordance with  the  above  equation,  it  appears  certain  that,  as  in  the  similar 
case  of  potassium  chlorate,  this  equation  does  not  represent  the  real 
mechanism  of  the  reaction.1  A  neutral  solution  of  barium  chlorate  does 
not  react  with  iodine  even  when  the  mixture  is  heated,  but  the  reaction 
can  be  made  to  take  place  quite  rapidly  at  85  °  if  a  small  amount  of  nitric 
acid  or  hydrochloric  acid  is  added.  Moreover,  after  the  reaction  between 
equivalent  amounts  of  iodine  and  barium  chlorate  (with  nitric  acid  as 
inductor)  the  filtrate  is  found  to  contain  a  considerable  quantity  of  hydro- 
chloric acid.  It  is  evident  that  in  addition  to  Reaction  1  the  following 
reaction  takes  place  to  some  extent 

3I*  +  3Ba(C10,),  +  3H*0  -  3Ba(IO,)«  +  HCIO,  +  5HCL  (2a) 
In  experiments  in  which  slightly  less  than  an  equivalent  amount  of  barium 
chlorate  was  used,  the  filtrate  contained  iodic  add  in  addition  to  hydro- 
chloric, the  corresponding  reaction  then  being 

6I2  +  5Ba(C103),  +  6H,0  -  5Ba(I08)t  +  2HIO*  +  10HCI.    (26) 

These  observations  made  only  incidentally  lead  us  to  conclude  that  the 
real  chemical  reaction  involved  is  the  same  as  in  the  chloric  acid  process 
(see  below) ;  that  is,  namely,  an  oxidation  of  iodine  by  chloric  add  or  the 
chlorate  ion  in  acid  solution  and  not  simply  a  replacement  of  the  chlorine 
by  the  iodine.  This  is  in  agreement  with  the  conclusions  of  Michael  and 
Conn*  who  showed  that  the  observations  of  Kaemmerer8  on  which  the 
idea  of  a  direct  replacement  of  one  halogen  by  another  had  been  based 
were  wholly  erroneous,  and  that  all  the  other  evidence  indicated  that  the 
process  was  merdy  one  of  oxidation. 

In  each  of  our  experiments  a  250  g.  portion  of  finely  divided  iodine  was 
taken  and  this  was  usually  treated  with  a  nearly  equivalent  amount  (320 
g.)  of  the  chlorate  Ba(C10j)2H20,  in  one  liter.  When  a  little  add  was 
added  to  start  the  reaction,  and  the  temperature  was  maintained  at  about 
85  °  and  the  mixture  shaken  at  intervals,  the  reaction  proceeded  steadily 
and  all  the  iodine  disappeared  in  about  90  minutes.  In  the  second  and 
later  experiments  of  a  series  the  barium  chlorate  was  dissolved  in  the 
filtrate  from  the  barium  iodate  precipitate;  this  procedure  was  adopted 
in  order  to  prevent  any  loss  of  iodine  by  Reaction  26,  and  because  presence 
of  add  in  the  filtrate  rendered  unnecessary  the  further  addition  of  add 
to  start  the  reaction.  In  the  last  series  of  experiments  the  time  of  reaction 
was  materially  lessened  by  the  use  of  a  50%  excess  of  chlorate,  480  g.  in 
1  See  Bassett,  /.  Chem.  Soc.t  57,  761  (1890);  also  Schloetter,  Z.  anorg.  Chem.,  45, 
270  (1905). 

'  Am.  Chem.  J.,  25,  89  (1901). 
»  /.  prakt.  Chem.,  4,  169  (1870). 
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one  liter,  in  the  first  experiment.  As  this  excess  remained  in  the  filtrate, 
the  usual  amount,  320  g.,  was  dissolved  in  the  filtrate  in  the  second  and 
subsequent  experiments  of  the  series.  An  important  advantage  of  the 
use  of  excess  chlorate  is  that  no  iodine  distilled  into  the  neck  of  the  flask 
during  the  rim,  as  had  been  the  case  in  the  earlier  experiments.  A  prac- 
tically quantitative  yield  of  barium  iodate  was  secured  in  this  way. 

The  second  step  in  the  process  is  not  so  satisfactory.  The  reaction 
between  solid  barium  iodate  and  dil.  sulfuric  acid  is  slow  and  could  not  be 
made  to  take  place  in  a  reasonable  time  even  when  the  solid  was  digested 
with  an  excess  of  the  dil.  sulfuric  acid.  This  difficulty  is  perhaps  in  part 
due  to  the  solubility  of  barium  sulfate  in  iodic  acid  solution.1  If  an 
excess,  or  indeed  if  only  an  equivalent  amount  of  sulfuric  acid  is  used  it  is 
very  difficult  to  remove  the  sulfuric  acid  with  which  the  filtrate  will  be 
contaminated,2  and  the  presence  of  even  a  small  amount  of  sulfuric  acid 
in  the  iodic  add  promotes  decomposition  during  dehydration. 

The  best  method  which  we  have  found  for  purifying  the  iodic  acid  from 
this  impurity  is  recrystallization  from  diluted  nitric  acid.  A  convenient 
quantity  of  iodic  acid,  e.  g.,  300  g.,  is  dissolved  in  an  equal  weight  of  hot 
water;  an  equal  volume  of  cone,  nitric  acid,  sp.  gr.  1.42,  is  added,  and  the 
mixture  is  evaporated  in  a  large  evaporating  dish  without  boiling  for  about 
30  minutes,  until  crystallization  is  fairly  complete,  and  then  allowed  to 
cool.  The  supernatant  liquid  is  drained  off  and  either  evaporated  further 
or  added  to  a  second  solution  of  the  iodic  acid  in  water.  The  crystals  of 
iodic  acid  are  washed  3  times  with  ice-cold  nitric  acid,  sp.  gr.  1.42,  then 
dissolved  in  a  small  volume  of  hot  water  and  the  solution  evaporated  to 
dryness.  This  yields  a  product  practically  free  from  sulfate  and  con- 
taining but  a  trace  of  nitric  acid  which  can  be  removed  if  necessary  by 
repeated  solution  and  evaporation. 

As  a  result  of  the  incompleteness  of  this  second  step  in  the  process  and 
the  losses  incident  to  recrystallization,  no  more  than  85  or  90%  of  the 
theoretical  yield  of  iodic  acid  is  usually  obtained  from  a  definite  weight 
of  iodine. 

The  Chloric  Acid  Method. — While  it  is  known  that  iodine  can  be 
transformed  into  iodic  acid  by  means  of  chloric  acid,3  quantitative  data 
seem  to  be  lacking,  and  it  was  necessary  for  us  to  determine  experimentally 
whether  a  simple,  rapid  and  economical  manufacturing  process  could  be 
developed. 

1  Guichard,  Compt.  rend.,  147,  1306  (1909). 

1  This  agrees  with  the  observation  of  Stas,  who  concludes  that  pure  iodic  acid 
cannot  be  secured  in  this  way,  and  with  the  statements  of  Baxter  (This  Journal,  32, 
1591  (1910)),  who  found  that  11  crystallizations  were  necessary  for  the  complete  elimi- 
nation of  sulfate. 

1  E.  g.t  Friend,  "Text-book  of  Inorganic  Chemistry,"  8,  238  (1915). 


Digitized  by 


Google 


PREPARATION  OP  IODIC  ACID.  1 639 

We  first  assured  ourselves  that  the  preparation  of  pure  chloric  add 
solution  would  present  no  difficulties.  When  to  a  hot  barium  chlorate 
solution  (2  molal  or  less)  an  equivalent  amount  of  hot  sulfuric  acid  solu- 
tion is  added  slowly,  the  barium  sulfate  settles  quickly  and  is  easily  filtered, 
and  a  solution  of  chloric  acid  of  any  desired  concentration  up  to  33%  can 
be  obtained.  In  practice  a  very  slight  excess  of  barium  chlorate  was  used 
in  order  to  ensure  the  absence  of  sulfate  in  the  chloric  acid  solution,  since 
as  has  already  been  mentioned,  a  sulfuric  acid  impurity  in  the  resulting 
iodic  acid  is  harmful.  Small  quantities  of  more  concentrated  solution 
were  obtained  by  evaporation  at  low  temperature  (40  °)  and  reduced 
pressure,  and  one  sample  of  40%  chloric  acid  was  prepared.  The  con- 
centrations were  determined  by  the  Bunsen  distillation  method  with 
cone,  hydrochloric  acid,  the  chlorine  being  passed  into  potassium  iodide 
solution  and  the  iodine  formed  titrated  with  thiosulfate. 

Small  scale  experiments  were  performed  with  chloric  acid  solutions  of 
various  concentrations  to  determine  the  most  satisfactory  conditions  for 
the  oxidation  of  iodine.  10%  chloric  acid  does  not  react  at  room  tem- 
perature, and  after  the  reaction  is  started  by  heating  it  proceeds  rather 
slowly,  even  when  the  mixture  is  heated  nearly  to  boiling;  with  equivalent 
amounts  of  iodine  and  chloric  acid  considerable  iodine  vaporizes  from  the 
heated  mixture.  When  very  concentrated  chloric  acid  (33  to  40%)  is 
used  the  reaction  starts  practically  immediately  at  room  temperature, 
and  proceeds  with  almost  explosive  violence;  it  is  necessary  to  cool  the 
container  with  ice-cold  water  during  the  reaction.  24  to  26%  acid  finally 
was  chosen  as  the  most  suitable  (though  a  somewhat  more  dilute  acid, 
20%,  was  also  satisfactory).  The  reaction  usually  did  not  begin  at  once, 
but  when  once  started  (after  standing  10  or  15  minutes,  or  by  gentle  heat- 
ing) the  iodine  disappeared  in  15  or  20  minutes;  the  reaction  was  very 
rapid  but  cooling  was  unnecessary.  Iodine  fumes  were  not  given  off  during 
the  reaction,  nor  when  the  resulting  solution  was  boiled. 

This  behavior  indicates  an  autocatalytic  reaction.  The  beginning  of 
the  reaction  appears  to  depend  on  the  formation  of  a  little  chlorine,  one  of 
tfie  products  of  the  reaction.  Suddenly  the  evolution  of  chlorine  becomes 
rapid,  the  solution  turns  yellow  and  any  iodine  vapor  in  the  flask  is  replaced 
by  the  heavy  yellow  fumes  of  iodine  trichloride  and  chlorine.  These 
indications  that  the  mechanism  of  the  reaction  is  not  a  simple  replacement 
of  the  chlorine  in  the  chloric  acid  by  iodine  according  to  the  equation 

I2  +  2HCIO,  =  Cl2  +  2HIO3  (3) 

were  corroborated  by  analyses  of  the  final  solution  after  it  had  been 
heated  to  boiling:  large  amounts  of  hydrochloric  acid  and  some  chloric 
acid  were  found,  which  were  smaller  as  the  concentration  of  the  chloric 
acid  used  was  increased.    Since  when  the  mixture  was  boiled  some  hydro- 
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chloric  add  must  have  reacted  with  chloric  or  iodic  acid,  it  is  certain  that 
much  larger  amounts  of  hydrochloric  acid  would  have  been  found  if  the 
solution  had  been  analyzed  after  the  iodine  had  disappeared  but  before  the 
mixture  had  been  boiled.  Evidently  much  of  the  chloric  acid  is  reduced 
to  chloride  during  the  reaction  (cf.  Reaction  2b). 

3I,  +  5HC1Q,  +  3H2O  =  6HIO,  +  5HCI.  (4) 

The  presence  of  hydrochloric  add  in  the  iodic  add  solution  seemed 
likdy  to  prevent  the  devdopment  of  a  quantitative  method,  since  it  was 
known  that  iodic  add  is  reduced  by  hydrochloric  when  a  solution  containing 
the  two  substances  is  evaporated.1 

2HIO,  +  10HCI  -  I2  +  5C1*  +  6H,0.  (5) 

In  fact  the  existing  method  for  recovering  iodic  add  from  such  solutions 
involves  the  removal  of  the  chloride  by  predpitation  as  silver  chloride.2 
However,  Reaction  5  is  reversible  and  rapid;  the  reverse  reaction  is  known 
to  take  place  rapidly  when  suffident  water  is  present,  and  the  direct  re- 
action between  iodic  add  and  hot  cone,  hydrochloric  add,  although  at 
first  rapid,  is  by  no  means  complete.  This  last  point  was  demonstrated 
by  experiments  with  the  Bunsen  distilling  flask:  about  Va  of  the  iodic 
add  remained  unreduced  after  half  of  the  cone,  hydrochloric  add  had  been 
distilled  out  of  the  flask.  We  concluded  that  an  equilibrium  is  established 
fairly  rapidly  between  the  substances  listed  in  Equation  5  (  and  iodine 
trichloride),  and  that  in  the  solution  to  be  evaporated  the  iodic  and  hydro- 
chloric adds  are  so  dilute  that  the  concentration  of  iodine  is  negligibly 
small.  Furthermore,  it  seemed  possible  that  the  presence  of  chloric  add 
in  the  solution  would  maintain  the  iodine  as  iodic  add  even  while  the 
solution  was  evaporated,  and  also  remove  the  chloride  as  chlorine.  This 
idea  proved  to  be  correct,  and  a  3%  excess  of  chloric  acid  (based  on  Reaction 
3)  was  found  to  be  suffident  to  prevent  any  loss  of  iodine.  In  fact,  during 
evaporation  the  net  reaction  is  simply 

5HCI  +  HCIO,  -  3CU  +  3H2O,  (6) 

though  it  is  possible  that  this  reaction  is  catalyzed  by  the  iodic  add  present. 
In  contrast  to  Reaction  5  which  is  rapid  and  reversible,  Reaction  6.  is 
slow  and  under  the  present  conditions  irreversible. 

The  experimental  evidence  was  obtained  by  carefully  investigating 
Reactions  3  and  4.  Preliminary  experiments  with  equivalent  amounts 
of  iodine  and  chloric  add  (based  on  Reaction  3)  had  indicated  a  loss  of 
from  2  to  10%  iodine  in  the  preparation  of  the  iodic  add  solution,  but  in 
these  experiments  the  yidd  of  iodic  add  was  determined  by  the  possibly 
inaccurate  method  of  predpitating  and  wdghing  barium  iodate.  Accord- 
ingly methods  were  devdoped  for  analyzing  the  iodic  add  solution  for 
1  Sodini,  Ber.t  9,  1126  (1876). 
1  Friend,  loc.  cit.t  8,  237  (1915). 
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acid,  iodate,  chlorate  and  chloride;  for  determining  the  amount  of  iodine 
in  the  small  precipitate  of  barium  iodate  formed  (the  chloric  acid  solu- 
tion contained  a  trace  of  barium  chlorate);  and  for  determining  iodine 
and  chlorine  in  the  gas  evolved  during  the  reaction.  In  the  last  case  the 
gas  was  absorbed  in  excess  alkaline  sulfite  solution,  and  the  iodine  and 
chlorine  could  be  present  only  as  iodide  and  chloride,  respectively. 

Analytical  Methods. — The  iodic  acid  solution  and  the  alkaline  sulfite 
solution  were  diluted  to  known  volumes  and  portions  of  each  taken  for 
the  various  determinations.  If  any  barium  iodate  precipitate  formed 
during  the  run,  or  on  cooling  the  resulting  solution,  it  was  collected  on  a 
filter  before  the  solution  was  diluted. 

Acid  was  determined  with  o.i  N  potassium  hydroxide  solution  and 
phenolphthalein. 

Iodate  was  determined  iodimetrically.  That  the  presence  of  chloric 
acid  did  not  interfere  when  the  concentrations  of  sulfuric  acid  and  iodide 
were  low  was  proved  by  test  analyses  with  iodic  acid  alone  and  in  the 
presence  of  an  amount  of  chloric  acid  comparable  to  that  in  the  solutions 
to  be  analyzed.  The  amount  of  barium  iodate  was  determined  by  the 
same  method;  all  of  the  precipitate  was  washed  into  an  iodide  solution 
acidified  with  hydrochloric  acid,  and  an  aliquot  part  of  the  resulting  solu- 
tion was  titrated  with  thiosulf  ate. 

Chlorate,  in  the  absence  of  iodate,  was  determined  by  the  Bunsen  dis- 
tillation method  already  referred  to.  The  iodate  in  the  portion  of  the 
solution  to  be  analyzed  for  chlorate,  was  precipitated  as  barium  iodate; 
the  precipitation  was  found  to  be  practically  complete  only  when  the  solu- 
tion was  neutral  and  nearly  ice-cold.  Barium  chloride  was  used  as  the 
precipitating  agent,  since  nitrate  would  interfere  with  the  chlorate  analysis. 

Chloride,  in  the  absence  of  iodate,  was  determined  by  the  Volhard 
method.  The  method  of  removing  iodate  was  the  same  as  that  described 
in  the  preceding  paragraph,  except  that  barium  nitrate  was  used  instead 
of  barium  chloride.  Chloride  in  the  alkaline  sulfite  solution  was  also 
determined  by  the  Volhard  method  after  the  removal  of  sulfite  and  iodide 
(see  below)  by  means  of  potassium  permanganate;  any  excess  of  perman- 
ganate added  was  removed  by  the  addition  of  a  small  amount  of  a  dilute 
solution  of  stdfurous  acid. 

Iodide  in  the  sulfite  solution  was  tested  for  by  the  permanganate-carbon 
tetrachloride  method  recommended  by  Bray  and  MacKay.1  Test  analyses 
showed  that  the  method  was  applicable  in  the  presence  of  sulfite. 

Experiments  with  24-Gram  Portions  of  Iodine. — Several  experiments 

were  performed  with  24  g.  of  iodine  and  28.5  to  34%  chloric  acid  in  small 

excess,  which  was  5  to  10%  excess  referred  to  Reaction  3.    After  the 

iodine  had  disappeared  the  solution  was  heated  to  boiling  for  several 

1  Bray  and  MacKay,  This  Journal,  32, 1193  (1910). 
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minutes  and  a  slow  current  of  air  passed  through  it  to  cany  the  chlorine 
over  into  the  alkaline  sulfite  solution  contained  in  2  wash  bottles  arranged 
in  series.  Complete  absorption  of  the  chlorine  was  demonstrated  by  the 
fact  that  a  potassium  iodide  solution  beyond  the  sulfite  solution  remained 
colorless.  The  results  in  the  various  experiments  were  concordant,  and 
details  will  be  given  for  only  one  rim. 


Reacting  substances:      Iodine  24.24  g.  99% 

'  0.1891  gram  atoms 

Chloric  acid  61.7  cc.  (28.5%) 

By  analysis 

0.2080  mol  chlorate 

and 

0.201 1  equivalent  acid 

Gram  atoms 

Total  Iodine  recovered :  As  HIOi  in  solution 

0.1830 

In  barium  iodate 

0.0064 

In  sulfite  solution 

0.0000 

0.1894 

-  100.2% 

Total  Chlorine  recovered:  As  HClOi  in  solution 

0.0225 

As  HC1  in  solution 

0.0437  (?) 

In  sulfite  solution 

0.1491 

0.2153 

=  102.2% 
Total  acid  in  Iodic  acid  solution:  0.2371  equivalent 

Increase  in  acid  during  the  run  —  0.2371  —  0.2011  »  0.0360  equivalent. 
Since,  by  Equation  4,  5  mols  HC1  are  formed  when  the  increase  in  acid  is  6  equiv- 
alents, the  calculated  amount  of  HC1  is  0.0300  equivalent. 

The  striking  result  of  this  and  other  runs  is  that  all  the  iodine  used  was 
converted  into  iodic  acid  in  solution,  and  none  was  carried  over  with  the 
chlorine  into  the  alkaline  sulfite  solution. 

In  the  above  experiment  there  was  evidently  an  error  in  the  determina- 
tion of  the  amount  of  hydrochloric  acid  in  the  iodic  acid  solution,  since  in 
another  run  the  amount  of  hydrochloric  acid  calculated  by  means  of 
Equation  4  agreed  fairly  well  with  that  found  by  direct  analysis.1  This 
point  was  not  more  carefully  investigated  because  the  real  purpose  of  the 
experiments  had  been  attained,  viz.,  the  demonstration  of  the  quantitative 
yield  of  iodic  acid  in  solution. 

The  next  question  investigated  was  the  recovery  of  iodic  acid  by  evapora- 
tion in  the  presence  of  the  small  excess  of  chloric  acid.  In  each  of  the 
following  experiments  0.2  of  the  iodic  acid  solution  obtained  in  the  above 
run  was  evaporated  to  dryness;  in  the  first  case  the  residue  was  heated  for 
a  short  time  at  100  °,  in  the  second  case  for  one  hour  in  a  flask  in  a  Crisco 
bath  at  2100.  In  each  case  no  iodine  fumes  were  evolved,  and  the  residue 
was  pure  white  in  color. 

1  This  was  also  shown  by  the  fact  that  the  sum  of  the  separately  determined  acids 
exceeded  the  observed  value  by  001 21  equivalent. 
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HIOi.  HClOi.  HQ. 

Original  solution  (one-fifth)  contained o  .0366  o  .0045  o  .0060  (?)  mols 

Residue  from  the  1st  evaporation  expt.  con- 
tained      0.0371  0.0008  0.0026       mols 

Residue  from  the  2nd  evaporation  expt.  con- 
tained     0.0368  0.00014  0.0000       mols 

These  results  and  others  which  are  not  quoted  demonstrated  conclu- 
sively that  there  is  no  loss  of  iodic  acid  on  evaporation,  that  much  of  the 
hydrochloric  and  chloric  acids  are  removed  by  evaporation  and  heating 
at  100 °,  and  that  all  the  former  is  destroyed  by  heating  at  2100.  Subse- 
quent experiments  showed  that  the  removal  of  the  chloric  acid  is  complete 
during  the  dehydration  process  at  240 °,  which  will  be  described  below. 

Experiments  with  500-Gram  Portions  of  Iodine. — Having  thus 
demonstrated  that  the  process  was  most  satisfactory,  we  proceeded  to 
manufacture  iodic  acid  in  the  laboratory.  500  g.  portions  were  found 
to  be  convenient  and  several  runs  were  made  simultaneously.  In  con- 
nection with  the  first  runs  the  minimum  excess  of  chloric  acid  necessary 
was  found  to  be  about  3%  (based  on  Equation  3).  It  was  not  necessary, 
although  more  convenient,  to  add  this  excess  at  the  beginning  of  the 
experiment,  since  the  danger  of  loss  of  iodine  was  greater  during  the 
evaporation  than  during  the  oxidation  of  the  iodine.  When  less  than  the 
3%  excess  chloric  acid  was  added  the  dark  color  of  free  iodine  appeared 
during  the  evaporation  or  heating;  but  loss  of  iodine  could  then  be  pre- 
vented by  adding  at  once  a  small  amount  of  chloric  acid.  The  concentra- 
tion of  chloric  acid  finally  chosen  was  24  to  26%. 

39  runs  of  this  sort  were  made,  and  the  total  yield  of  powdered  iodic 
anhydride  obtained,  based  on  its  weight  and  the  weight  of  iodine  used, 
was  99-6%- 

The  procedures  used  are  outlined  below. 

Preparation  of  Chloric  Acid. — The  preparation  was  carried  out  in 
large  earthenware  crocks,  and  the  quantities  of  materials  used  depended 
on  the  size  of  the  crocks.  The  proportions  were  as  follows.  625  g.  of 
barium  chlorate  (90%  Ba(C103)s)  was  dissolved  in  one  liter  of  nearly  boiling 
water  and  poured  into  the  crock;  the  barium  sulfate  was  precipitated  by 
slowly  adding,  with  stirring,  the  required  quantity  of  Hot  sulfuric  acid 
solution.  The  latter  solution  was  prepared  by  adding  200  g.  of  H2SO4, 
sp.  gr.  1.84,  to  109  g.  water,  these  quantities  corresponding  to  equal  parts 
by  volume.  It  is  necessary  to  have  a  very  small  excess  of  barium  chlorate 
rather  than  of  sulfuric  acid,  and  the  chloric  acid  solution  should  be  tested 
for  sulfate  and  for  barium  until  the  procedure  is  standardized.  The 
mixture  was  allowed  to  stand  until  the  barium  sulfate  settled  out,  which 
required  at  least  one  hour.  About  %/%  of  the  chloric  acid  solution  could 
then  be  removed  by  decantation  or  by  a  siphon,  but  filtration  of  this 
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solution  was  sometimes  necessary.  Nearly  all  of  the  remaining  acid  was 
separated  from  the  precipitate  by  filtration  through  a  Btichner  funnel 
with  suction.    The  barium  sulfate  can  be  washed  and  saved  if  desired. 

The  acid  solution  was  stored  in  glass-stoppered  bottles.  It  was  prac- 
tically colorless  and  did  not  change  appreciably  in  concentration  in  several 
weeks,  even  when  exposed  to  the  diffused  light  of  the  laboratory.  Acid 
kept  in  an  unstoppered  bottle  in  the  hot  laboratory  increased  in  concen- 
tration due  to  the  loss  of  water  by  evaporation.  Each  sample  of  acid 
was  analyzed  for  chlorate. 

Oxidation  of  the  Iodine. — 500  g.  of  commercial  "resublimed"  iodine 
was  weighed  into  a  3-liter  glass  flask,  and  to  this  was  added  an  amount  of 
chloric  acid  3%  in  excess  of  the  theoretical  amount  (one  mol  of  chlorate 
per  gram  atom  of  iodine).  The  flask  was  connected  with  an  absorption 
train  of  3  wash  bottles  partly  filled  with  a  cold  20%  solution  of  sodium 
hydroxide  (or  with  milk  of  lime  if  bleaching  powder  was  desired  instead 
of  sodium  hypochlorite  solution;  the  latter  was  used  in  another  process 
in  our  laboratory) .  A  slow  current  of  air  was  passed  through  the  apparatus 
after  the  reaction  started.  If  the  mixture  was  heated  to  start  the  reaction 
and  again  when  only  a  small  amount  of  iodine  remained,  a  run  could  be 
completed  in  20  minutes.  When  the  initial  heating  was  omitted  the 
reaction  started  within  10  or  15  minutes. 

The  solution  was  then  cooled,  filtered  to  remove  barium  iodate  or  any 
foreign  matter,  transferred  to  a  large  evaporating  dish,  and  evaporated 
just  to  dryness  with  frequent  stirring.  If  during  the  evaporation  a  yellow- 
brown  color  appeared,  a  small  amount  of  chloric  acid  was  at  once  added. 
The  material  was  heated  in  a  hot-air  oven  at  a  temperature  of  1 50-1 60  ° 
for  3  hours,  and  then  removed  from  the  evaporating  dish  for  more  com- 
plete dehydration. 

Dehydration  of  Iodic  Acid. — In  the  dehydration  process  finally 
adopted  the  coarsely  powdered  dry  material  was  loosely  packed  in  glass 
tubes  30  mm.  in  diameter  and  closed  at  one  end.  The  column  of  iodic 
acid  was  held  in  position  by  glass  wool  at  each  end.  A  thermometer  was 
imbedded  in  the  iodic  acid  to  show  the  actual  temperature  of  the  material. 
Near  the  bottom  of  each  tube  a  small  tube  was  inserted,  through  which  a 
slow  current  of  dry  air  could  be  drawn;  the  air  was  thus  preheated  by 
passing  through  the  length  of  the  oven  before  reaching  the  iodic  acid. 
The  air  was  dried  by  passing  through  a  train  which  consisted  of  a  sulfuric 
acid  bead-tower  and  a  U-tube  containing  phosphorus  pentoxide  and  soda 
lime.  The  rate  of  flow  was  regulated  by  observation  of  the  bubbling 
through  the  acid  tower. 

One  or  more  tubes  were  placed  in  a  horizontal  position  in  a  well  insulated 
horizontal  oven  which  was  uniformly  heated  by  a  number  of  jjas  flames. 
A  constant  temperature  of  235-240  °  was  maintained  for  at  least  3  hours, 
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during  which  time  the  slow  current  of  dry  air  was  drawn  through  the 
material. 

When  material  prepared  by  the  chloric-acid  process  was  dehydrated  in 
this  way  the  product  was  of  a  uniform  white  or  faintly  pink  color,  and 
contained  not  more  than  0.2  or  0.3%  water  (see  below).  The  intensity 
of  the  color  as  it  varies  from  pink  to  violet  is  an  indication  of  the  amount 
of  decomposition  during  dehydration,  due  to  local  overheating  or  to  the 
presence  of  impurities.  It  was  found  that  pure  iodic  anhydride  may  be 
heated  to  250  °  without  the  slightest  liberation  of  iodine. 

The  dehydrated  material  was  ground  in  a  ball  mill  to  pass  an  80-mesh 
screen.  During  this  process  it  absorbed  a  small  amount  of  water  vapor 
from  the  air,  and  the  final  product  contained  0.5  to  0.6%  of  water  vapor. 
As  this  material  is  hygroscopic  it  was  stored  in  sealed  containers. 

Iodic  acid  prepared  by  the  nitric  acid  method  was  not  easily  dehydrated 
without  decomposition.  A  temperature  of  200  °  could  not  be  exceeded,  at 
least  in  the  first  hour  or  two,  and  the  dehydration  was  correspondingly 
less  complete  in  a  3-hour  treatment.  Iodic  acid  contaminated  with 
sulfuric  acid  decomposed  even  more  readily  during  dehydration.  The 
chloric  acid  process  thus  has  a  marked  advantage  over  the  other  processes 
in  this  respect. 

In  agreement  with  the  greater  stability  of  iodic  acid  and  iodic  anhydride 
prepared  in  this  way  is  our  observation  that  it  does  not  decompose  when 
in  the  course  of  the  analysis  for  carbon  monoxide  it  is  heated  with  pure 
air.  Iodic  anhydride,  as  usually  prepared,  when  heated  hot  enough  to 
react  satisfactorily  with  carbon  monoxide,  invariably  gives  a  positive 
blank,  for  which  a  correction  must  be  applied  even  with  the  purest  air. 
This  difficulty,  which  is  the  limiting  factor  in  the  precise  analysis  of  small 
concentrations  of  carbon  monoxide,  can  be  eliminated  by  using  iodic 
anhydride  prepared  in  the  above  way. 

Analysis  of  Iodine  Pentoxide,  Water  Content. — The  water  content 
of  the  iodine  pentoxide  samples  was  determined  by  a  method  devised  by 
Baxter1  depending  on  its  decomposition  by  heat  into  iodine,  oxygen  and 
water  vapor,  the  removal  of  the  iodine  by  means  of  metallic  silver  and  the 
absorption  and  weighing  of  the  water. 

The  silver  used  was  prepared  by  placing  copper  wire  spirals  in  silver 
nitrate  solution.  The  precipitated  silver  was  washed  thoroughly  and 
finally  heated  to  constant  weight  at  a  temperature  of  350-400  °.  As  this 
heating  had  a  tendency  to  clump  the  silver,  it  was  broken  up  and  made 
to  pass  through  a  16-mesh  screen  before  use. 

One  half  of  an  80  cm.  hard,  glass  combustion  tube,  2  cm.  in  diameter, 
was  packed  with  alternate  layers  of  the  silver  and  glass  wool.  This  method 
of  packing  was  adopted  to  prevent  the  formation  of  lumps  of  silver  iodide 
1  This  Journal,  31,  210  (1909)* 
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during  the  analysis.  By  means  of  a  suction  pump,  air,  dried  in  a  train 
consisting  of  sulfuric  acid,  soda  lime  and  phosphorus  pentoxide,  was 
drawn  through  the  apparatus  and  then  through  an  absorption  tube  which 
could  be  conveniently  weighed.  Between  this  tube  and  the  pump  a 
phosphorus  pentoxide  tube  was  inserted  to  prevent  access  of  water  vapor 
through  the  pump.  A  convenient  form  of  absorption  tube  was  a  U-tube 
half  filled  with  pumice  or  glass  beads  moistened  with  sulfuric  acid,  and 
containing  enough  acid  just  to  seal  the  bend. 

The  combusion  tube  containing  the  silver  was  strongly  heated  and  the 
current  of  dry  air  was  passed  until  the  absorption  tube  was  constant  in 
weight.  A  weighed  amount  of  the  iodine  pentoxide  to  be  analyzed,  in  a 
porcelain  boat,  was  introduced  into  the  combustion  tube  in  front  of  the 
silver  packing,  and  this  portion  of  the  tube  was  carefully  heated  until  the 
pentoxide  was  completely  decomposed.  The  current  of  air  brought  the 
iodine  into  contact  with  the  heated  silver  and  swept  the  water  vapor  into 
the  absorption  tube. 

The  accuracy  of  the  method  is  demonstrated  by  the  duplicate  analyses 
of  the  samples  in  the  following  list,  marked  (a)  and  (&). 

1.  Nitric  acid  process,  one  3-hour  dehydration  at  200°. 

(a)  1.10%  HsO,  corresponding  to  21.6%  hydration.1 

(b)  1.13%  HjO,  corresponding  to  22.1%  hydration. 

2.  General  Chemical  Company,  as  received. 

(a)  1.84%  HjO,  corresponding  to  35.9%  hydration. 
(6)  1.83%  HfO,  corresponding  to  36.0%  hydration. 

3.  Chloric  acid  process,  one  dehydration  at  240  °. 

0.31%  HsO,  corresponding  to  6.0%  hydration. 

4.  Ditto,  after  grinding. 

0.55%  HsO,  corresponding  to  10.7%  hydration. 

Many  other  samples  were  analyzed,  but  the  above  results  are  repre- 
sentative. It  is  to  be  noted  that  iodine  pentoxide  as  ordinarily  prepared 
is  far  from  being  completely  dehydrated. 

Other  Analyses  and  Tests  were  made  in  examining  the  various 
samples  of  iodine  pentoxide.  The  iodine  pentoxide  content  was  deter- 
mined iodimetrically:  one  mol  of  iodine  pentoxide  liberates  12  gram 
atoms  of  iodine.  The  free  iodine  content  could  have  been  determined  by 
adding  a  weighed  amount  of  the  sample  to  water,  extracting  the  iodine 
with  carbon  tetrachloride,  and  adding  the  latter  to  a  potassium  iodide 
solution  for  titration  with  thiosulfate;  but  this  analysis  was  not  necessary 
since  the  amount  of  iodine  obtainable  from  a  pink  sample  was  negligible. 
The  non-volatile  matter  was  determined  after  ignition;  it  did  not  exceed 
0.1%,  which  proved  the  absence  of  appreciable  amounts  of  barium  iodate. 
The  test  for  sulfate  was  made  after  precipitation  of  silver  iodate  by  the 
addition  of  silver  nitrate  solution  in  excess.  Nitrate  was  tested  for  by 
1  The  water  is  assumed  to  be  present  as  HI08, 
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the  method  recommended  by  A.  A.  Noyes,1  which  depends  on  the  removal 
of  the  iodate  by  means  of  silver  sulfate,  and  distillation  of  the  filtrate  with 
sulfuric  acid  and  ferrous  sulfate. 

Summary. 

1.  A  simple  and  rapid  method  has  been  developed  for  the  preparation 
of  iodine  pentoxide,  which  depends  on  the  oxidation  of  iodine  to  iodic 
acid  by  means  of  24-26%  chloric  acid  solution,  the  evaporation  of  the 
solution,  and  the  dehydration  of  the  iodic  acid.  The  product  is  pure 
white,  analyzes  practically  100%  oxidizing  value,  and  contains  no  detect- 
able impurities  except  traces  of  water  and  barium  iodate.  It  is  decidedly 
more  stable  towards  heat  than  is  iodic  anhydride  as  ordinarily  prepared, 
and,  therefore*  possesses  decided  advantages  for  use  in  the  analysis  for  small 
quantities  of  carbon  monoxide  in  air.  The  yield  of  pentoxide  from  iodine 
is  almost  theoretical. 

2.  In  the  preparation  a  small  excess  (3%)  of  chloric  acid  is  intentionally 
used;  this  ensures  the  complete  removal  of  the  hydrochloric  acid  formed 
during  the  oxidation  process,  which_otherwise  would  reduce  the  iodic 
acid  during  the  evaporation. 

3.  When  this  small  excess  of  chloric  acid  is  used  the  net  result  of  the 
oxidation  reaction  is  expressed  by  the  equation 

I2  +  2HCIO3  =  2HIO3  +  Cl«. 
The  mechanism  of  this  reaction  undoubtedly  does  not  correspond  to  a 
direct  replacement  of  the  chlorine  by  the  iodine.    The  second  product 
of  the  reaction,  chlorine  gas,  can  be  conveniently  recovered  as  sodium 
hypochlorite  solution  or  bleaching  powder. 

4.  The  chloric  acid  solution  is  made  by  the  direct  action  of  sulfuric  acid 
on  barium  chlorate  solution.  There  is  no  decomposition  of  the  chloric 
acid,  and  the  only  loss  is  the  small  amount  of  solution  absorbed  by  the 
barium  sulfate.  The  by-product,  barium  sulfate,  can  be  recovered  if 
desired. 

5.  The  various  analytical  methods  needed  in  this  investigation  were 
carefully  tested.  Several  of  them,  though  not  absolutely  new,  have  pre- 
viously received  little  attention. 

6.  The  chloric  acid  method,  when  tried  on  a  semi-manufacturing  scale 
presented  no  difficulties. 

7.  Two  other  methods  for  the  preparation  of  iodine  pentoxide  were  used 
in  the  laboratory  but  gave  less  satisfactory  results.  One  of  these  was  the 
conventional  nitric  acid  method,  and  the  other  involved  the  preparation 
of  barium  iodate  and  the  treatment  of  this  difficulty  soluble  substance 
with  sulfuric  acid. 

In  conclusion  we  wish  to  acknowledge  our  indebtedness  to  the  following 
1  A.  A.  Noyes,  "Qualitative  Analysis/'  19x4,  p.  113. 
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members  of  the  Chemical  Warfare  Service  for  their  assistance  in  the 
experimental  work:  A.  W.  Kenney,  C.  L.  Dougherty,  W.  M.  Craig  and 
D.  0.  E.  Peterson. 

Washington,  D.  C. 


[Contribution  from  the  Chemical  Laboratory  op  the  University  of  Caufornia.] 

CONDUCTIVITY  AND  FREQUENCY. 

By  E.  D.  Eastman. 

Received  May  10,  192a 

There  is  reason  to  suppose  that  the  general  form  of  the  conductivity- 
frequency  curve  for  solutions  of  electrolytes  may  correspond  in  type  to 
that  shown  in  Fig.  i.  The  features  of  this  general  curve  are  the  rise,  from 
A  to  B,  to  a  maximum  of  conductivity  as  the  frequency  is  increased  from 
zero,  and  the  subsequent  decrease,  from  B  to  C,  and  asymptotic  approach 
to  zero  conductivity  at  infinite  frequency.  The  necessity  of  the  approach 
to  zero  as  the  frequency  is  indefinitely  increased  is  obvious,  and  the  por- 
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Fig.  1. — Theoretical  form  of  conductivity-frequency  curve. 

tion  of  the  curve  from  B  to  C  requires  little  comment  other  than  to  point 
out  the  possibility  that  certain  resonance  effects  may  make  the  curve  less 
simple  in  this  region  than  the  one  here  shown,  and  that  the  decrease  in 
conductivity  undoubtedly  begins  only  at  frequencies  far  higher  than  those 
ordinarily  used  in  conductivity  measurements.  It  is  in  the  portion  AB 
of  the  curve  that  the  interest  of  the  present  paper  centers,  and  the  basis 
of  the  assumption  of  increase  in  conductivity  in  this  portion  of  the  curve 
may  be  briefly  discussed. 

If  current  theories  are  correct  there  are  present  in  solutions  of  electro- 
lytes numerous  electric  dipoles,  or  multipoles,  consisting  of  molecules  or 
ions  of  solute  in  various  stages  of  dissociation  and  solvation.  Under  the 
influence  of  an  alternating  electric  field  these  polar  molecules  should  all 
be  more  or  less  free  to  take  part  in  oscillatory  rotation  about  their  centers, 
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and  this  rotation  should  contribute  to  the  current  carried  by  the  solution 
and  ordinarily  attributed  exclusively  to  the  linear  motion  of  free  ions. 
Other  effects  due  to  the  alternating  field  may  be  readily  imagined,  but 
these  probably  do  not  affect  conductivities  as  ordinarily  measured.  For 
example,  oscillations,  in  the  direction  of  the  electric  field,  of  the  charged 
parts  of  undissociated  molecules  may  occur,  or  electrons  may  vibrate 
between  atoms  of  the  same  molecule  or  of  different  molecules.  But  the 
forces  opposing  the  external  field  in  such  vibrations  are  no  doubt  elastic 
in  character,  affecting  the  capacity  rather  than  the  conductance  of  the 
solution,  and  the  effects  may,  therefore,  be  compensated  by  the  use  of 
capacities  in  the  external  circuit.  These  considerations  do  not  apply, 
however,  to  the  rotation  of  the  molecules,  the  resistance  to  which  is  prob- 
ably largely  frictional  and  of  the  same  nature  as  the  resistance  to  the 
motion  of  the  ions.  The  magnitude  of  this  rotational  effect,  owing  to  the 
present  imperfect  state  of  knowledge  of  the  structure  of  solutions,  cannot 
be  calculated.  Approximations  which  may  be  made  on  the  basis  of 
various  simple  assumptions  as  to  the  possible  number  and  electrical 
moments  of  the  complexes  involved,  give  i%  of  the  total  current  as  the 
order  of  the  effect  for  N  potassium  chloride  solution  at  iooo  cycles  per 
second. 

On  the  experimental  side  there  is  in  the  literature  no  work  which  defi- 
nitely precludes  a  difference  of  this  magnitude.  The  best  of  the  older 
researches  comparing  direct  and  alternating  current  conductivities  is 
that  of  Sheldon.1  The  average  of  his  final  results  for  various  salts  at 
different  concentrations  shows  good  agreement  between  the  two  methods. 
But  the  possible  constant  errors  in  his  methods  are  such  that  the  agreement 
found  might  well  be  purely  fortuitous.  Again,  the  results  which  have 
been  thus  far  obtained,  in  various  laboratories,  while  far  from  complete 
or  conclusive,  seem  to  indicate  that  at  frequencies  of  the  order  of  one  or 
two  thousand  cycles,  changes  of  conductivity  with  frequency  are  in  general 
quite  small,  i.  e.t  a  portion  of  the  curve  in  Fig.  i  is  horizontal  or  slopes  but 
slightly.  It  does  not  follow,  however,  from  the  approximate  constancy 
of  the  values  obtained  by  measurements  at  these  frequencies,  or  by  extra- 
polation from  lower  frequencies,*  that  the  values  corresponding  to  zero 
frequency  are  identical  with  them.  At  intermediate  frequencies  polariza- 
tion appears  as  a  disturbing  factor,  largely  destroying  the  value  of  the 
results. 

As  it  appears  then  that  a  variation  in  conductivity  with  frequency  may 
theoretically  be  expected  even  at  low  frequencies,  and  as  the  magnitude 

1  Sheldon,  Ann.  Physik,  34, 122  (1888). 

*  Taylor  and  Acree  (This  Journal,  38,  2396  (1916))  suggest  this  method.  If 
only  an  electrode  effect  is  involved,  and  no  real  change  of  conductance  with  frequency, 
the  method  is  perhaps  justified,  though  "extrapolation  to  infinite  frequency"  is  mis- 
leading. 
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of  this  variation  cannot  be  judged  from  existing  data  nor  readily  studied 
by  the  usual  methods,  the  experiments  below  were  undertaken.  Their 
primary  object  was  not  the  study  of  the  effect  in  itself,  though  this  is  of 
some  interest,  but  rather  to  find  whether  the  expected  differences  are 
large  enough  at  ordinary  frequencies  to  affect  calculations  seriously,  such 
as  degree  of  dissociation,  based  on  conductivity  measurements,  or  to 
afford  a  method  of  study  of  the  "structure"  of  solutions  of  electrolytes. 
The  scheme  first  adopted  was  the  measurement  by  a  direct  current  method 
and  comparison  with  alternating  current  values  of  some  of  the  conduc- 
tivities most  accurately  determined  by  Kohlrausch.  This  was  done  with 
N  potassium  chloride  and  with  maximum  conducting  sulfuric  acid.  Later 
a  method  by  which  alternating  and  direct  current  measurements  could  be 
directly  compared  in  the  same  cell  was  tried  with  N  potassium  chloride 
solution  and  with  10  N  lithium  chloride  solution. 

The  Direct  Current  Conductivity  of  Normal  Potassium  Chloride  Solu- 
tion and  of  Maximum  Conducting  Sulfuric  Acid  by 
a  Potentiometric  Method. 

Potassium  chloride  was  selected  for  study  because  of  the  reproducibility 
of  its  solutions,  and  because  of  the  accurate  determination  by  Kohlrausch 
of  its  conductivity,  and  its  consequent  use  as  a  standard  in  conductivity 
work.  It  is  not,  however,  of  the  type  which  would  be  expected  to  show 
the  largest  effect  of  the  kind  considered.  Of  the  other  substances  recom- 
mended by  Kohlrausch  as  standards,  sulfuric  acid  seemed  most  likely  to 
exhibit  a  large  effect,  and  was  chosen  for  this  reason. 

The  method  of  measurement  follows.  The  solution  to  be  studied  is 
placed  in  a  cell  of  the  type  shown  in  Fig.  2.  This  is  connected,  in  series, 
with  a  standard  resistance  and  with  a  source  of  steady  current,  by  means 
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Fig.  2. — Direct  current  conductivity  cell. 

of  non-polarizable  electrodes  dipping  into  the  reservoirs  A,  A.  The 
potential  at  similar  electrodes  in  B,  B,  and  at  the  terminals  of  the  standard 
resistance,  is  then  measured  by  a  potentiometer.  The  "cell  constant"  is 
determined  in  the  same  way,  the  electrolyte  being  replaced  by  mercury. 

The  electrodes  were  of  very  large  reacting  surface.  Calomel  and 
mercurous  sulfate  electrodes  were  used  for  the  potassium  chloride  and 
sulfuric  acid  solutions,  respectively,  the  electrolyte  in  the  cell  differing 
from  that  in  the  electrodes  only  in  that  it  contained  no  dissolved  calomel 
or  mercurous  sulfate.    Both  sets  of  electrodes  were  very  constant.    The 
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correction  to  the  potentiometer  reading,  which  had  to  be  made  because 
the  electrodes  were  not  quite  equivalent  to  each  other,  was  of  the  order  of  a 
few  hundredths  of  one  per  cent,  of  the  reading. 

All  details  affecting  the  accuracy  of  the  results  were  carefully  studied. 
The  resistance  used  were  compared  with  coils  recently  certified  by  the 
Bureau  of  Standards.  The  currents  employed  were  systematically  varied, 
giving  readings  in  widely  different  ranges  of  the  accurate  potentiometers 
which  were  used.  Heating  effects,  and  the  effects  of  impurities  in  all 
materials  were  shown  experimentally  to  have  been  eliminated.  Tem- 
peratures were  constant  to  o.oi  °  and  correct  to  0.02  °.  The  weights  used 
in  preparing  the  solutions  were  compared  with  a  standard  gram. 

The  mean  of  8  series  of  observations  upon  3  independently  prepared 
solutions  gave  5038.3  ohms  as  the  resistance  of  the  cell  containing  N 
potassium  chloride  solution  (71422  g.  of  potassium  chloride  per  1000  g. 
solution)  at  25  °,  the  average  of  the  deviations  of  individual  values  from 
the  mean  being  0.014%.  For  the  sulfuric  acid  solutions  the  corresponding 
values  are  682.63  ohms  and  o.  =*=oi8%,  and  for  mercury  0.054138  ohm  and 
^0.032%.  From  the  definition  of  the  international  ohm,  the  specific  con- 
ductance of  mercury  at  o°  is  1 .0630  X  io4  reciprocal  ohms.  The  tempera- 
ture coefficient  of  resistance  of  mercury  between  o°  and  100  °  has  been 
accurately  determined  by  Jaeger  and  Steinwehr.1  From  their  work  the 
specific  conductance  at  25  °  is  1.03930  X  io4  reciprocal  ohms.  The 
specific  conductance  of  N  potassium  chloride  solution  is  then  calculated 
to  be  0.11168  and  of  the  sulfuric  acid  0.8242  reciprocal  ohm.  The  corre- 
sponding Kohlrausch  values  are  0.11180  and  0.8257  reciprocal  ohm,  which 
are  0.1 1%  and  0.18%,  respectively,  higher  than  the  results  above.  These 
differences  are  in  the  direction  expected,  and  their  magnitude  exceeds  the 
experimental  error,  =±=0.05%,  which  can  be  assigned  to  the  present  work. 

Newbery,*  in  a  paper  which  was  unknown  to  the  writer  until  after  the 
completion  of  this  portion  of  the  work  gives  a  direct  current  measurement 
for  potassium  chloride  which  is  0.7%  higher  than  the  one  here  obtained, 
and  is  apparently  in  error  by  nearly  this  amount.  Because  the  accuracy 
of  Kohlrausch's  work  (though  it  is  believed  to  be  excellent)  is  not  definitely 
known,  a  more  direct  comparison  seemed  desirable  and  was  made  in  the 
experiments  described  below. 

Direct  and  Alternating  Current  Conductivities  by  a  Modified  Bridge 

Method. 

The  principle  of  a  method  by  which  alternating  current  may  be  used 
in  a  cell  of  the  type  described  in  the  preceding  was  suggested  to  the 

1  Jaeger  and  Steinwehr,  Ann.  Physik,  45, 1089  (1914). 

1  Newbery,  J.  Chem.  Soc,  113,  701  (1918).  Newberry's  method  is  similar  in 
principle  to  that  described  above,  except  that  the  cell  constant  is  obtained  from  its 
dimensions,  instead  of  from  its  conductance  when  filled  with  mercury.  The  accuracy 
of  his  results  is  estimated  by  him  as  0.1  %. 
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writer  by  Dr.  R.  F.  Newton.  It  may  best  be  made  dear  by  reference  to 
Fig.  3.  Here  E  and  F  are  the  points  of  connection  to  the  source  of  current, 
a  and  b  are  resistances  of  known  ratio,  and  Rh  R%,  R$  are  variable  known 
resistances.  The  points  A  and  D  correspond  to  the  reservoirs  A,  A,  in 
Fig.  2,  and  the  points  B  and  C  are  the  points  of  connection  to  the  reservoirs 
B,  B  of  Fig.  2.    The  resistance  of  the  part  BC  is  referred  to  as  the  resist- 


Fig.  3. — Modified  bridge. 

ance  of  the  cell,  as  before,  and  called  R.  The  procedure  in  measurement 
is  to  adjust  the  sum  Ri  +  R*  +  R*  so  that  balance  is  obtained  in  the 
telephone  T\.  Still  maintaining  R\  +  R2  +  R*  constant,  R\  and  R2 
are  adjusted  for  sileiice  in  T%,  and  lastly,  maintaining  Rt  +  R*  constant, 
adjustment  of  them  is  made  for  balance  in  T8.  When  this  has  been  done 
the  value  of  R  is  known  from  the  relation 

R  =  a/b  R2. 

The  same  method  is  applicable  with  direct  current,  using  suitable  non- 
polarizable  electrodes,  and  replacing  the  telephones  by  galvanometers. 
In  practical  operation  a  single  telephone  or  galvanometer  with  appropriate 
switches  may  be  used,  and  it  may  also  be  arranged  to  change,  by  the  throw 
of  a  switch,  from  one  type  of  current  to  the  other,  giving  nearly  simulta- 
neous comparisons. 

In  the  actual  set-up,  a  and  b  were  various  combinations  of  a  set  of  stand- 
ardized Curtis  coils.  At  times  a  calibrated  rotary  slide  wire,  with  end 
coils,  was  substituted  for  these  fixed  ratio  coils,  the  sliding  contact  in  this 
case  being  at  £  in  Fig.  3.  The  ratio  a/b  was  widely  varied  in  the  different 
measurements.  R\  and  R*  were  dial  resistances  and  i?2  a  dial  box  of  Curtis 
coils.  It  was  first  arranged  so  that  condensers  could  be  thrown  in  parallel 
with  either  arm  of  the  particular  portion  of  the  bridge  being  balanced,  but 
it  was  later  found  that  the  adjustment  of  a  condenser  in  any  part  of  the 
system,  e.  g.,  in  parallel  with  Rz  or  CD,  sufficed  to  sharpen  the  minima  in 
balancing  the  other  portions.  Alternating  current  of  approximately 
1000  cycles  was  obtained  from  a  Siemens-Schuchert  alternator,  the  external 
circuit  being  tuned  with  suitable  capacities.  The  necessary  shielding  and 
grounding  was  provided.    A  hot  wire  milliammeter  and  a  direct  current 
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milliammeter  served  to  indicate  the  currents  employed,  though  the  alter- 
nating currents  were  too  small  to  be  accurately  measured  by  the  instru- 
ment used. 

The  alternating  current  in  the  cell  was  reduced  to  the  lowest  value 
consistent  with  sharp  minima.  It  was  on  continously  during  the  measure- 
ments, the  heating  effect  being  estimated  by  doubling  the  current  in  the 
cell.  The  correction,  to  be  added  to  the  resistance  found  for  the  lower 
current  is  then  7s  of  the  difference  between  the  resistances  at  the  higher 
and  at  the  lower  currents.  This  correction  was  negligible  in  several 
instances,  was  about  0.01%  in  many,  and  did  not  exceed  0.03%  in  any  of 
the  measurements. 

The  direct  currents  varied  between  0.02  and  0.5  milliampere,  and  being 
on  momentarily  only  were  without  appreciable  heating  effect.  As  the 
galvanometer  circuit  was  always  closed,  deflections  being  noted  when  the 
main  current  was  passed  through  the  bridge,  "parasitic"  effects  were 
eliminated.  In  balancing,  the  first  deflection  of  the  galvanometer  was 
used,  since  the  polarizing  effect  of  the  main  current,  in  spite  of  the  calomel 
electrodes,  caused  a  change  in  the  apparent  resistance  of  the  whole  cell 
(through  of  course  not  in  R).  Though  this  reversal  of  direction  of  throw 
of  the  galvanometer  appeared  quickly,  there  was  no  difficulty  experienced 
in  making  settings  with  the  required  accuracy. 

The  thermostat  was  an  oil  bath  constant  to  0.005  °,  the  temperature  of 
which  was  read  on  a  Beckmann  thermometer  which  had  been  compared 
with  3  standard  Baudin  thermometers. 

The  mean  of  the  15  alternating  current  observations  which  were  made 
using  N  potassium  chloride  solution  gives  5033.7  ohms  as  the  cell  resist- 
ance, the  average  deviation  of  individual  results  from  the  mean  being 
0.02%.  Between  each  pair  of  alternating  current  measurements,  a  direct 
current  measurement  on  the  same  solution  was  taken,  the  resulting  value 
of  the  resistance  being  5037.1  ohms,  =*=  0.015%.  The  latter  it  is  seen  is  in 
agreement  with  the  result  previously  obtained. 

Direct  Comparison  of  Alternating  and  Direct  Current  Conductivities 
of  Potassium  Chloride  and  Lithium  Chloride  Solutions. 

The  individual  measurement  above  were  in  general  more  or  less  inde- 
pendent, involving  numerous  settings  of  different  resistances,  etc.  To 
eliminate  as  many  variable  factors  as  possible  a  few  measurements  were 
made,  in  which  all  preliminary  adjustments  were  determined  before  the 
final  readings  were  taken.  For  example,  with  nearly  correct  settings  of 
the  resistances,  the  slide  wire  would  be  adjusted  for  balance,  the  settings 
of  Ru  Rt  and  R9  accurately  made  as  desribed  above,  and  the  slide  wire 
setting  again  made,  all  with  alternating  current.  Changing  immediately 
to  direct  current,  the  new  setting  of  the  wire  and  minor  adjustments,  all 
in  the  unit  dials,  of  the  resistances  could  be  quickly  made. 
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The  difference,  direct  minus  alternating  current  resistance,  found  by 
this  method  in  a  series  of  4  measurements  with  N  potassium  chloride 
solution  varied  between  0.004  and  0.058%,  the  average  being  0.028%. 
In  a  set  of  6  experiments  with  10  N  lithium  chloride,  in  which  the  bath 
temperature  was  constant  to  0.002  °  and  heating  effects  were  negligible, 
one  negative  deviation  of  0.012%  was  obtained,  the  remainder  falling 
between  +0.014  and  +0.039%,  the  average  of  all  being  +0.018%.  Tests 
of  the  same  method  of  comparison  using  metallic  resistances  of  the  same 
magnitude  and  approximately  equivalent  capacity  in  place  of  the  elec- 
trolytic cell  showed  agreement  by  the  two  methods  to  0.004%,  the  direct 
current  resistance  being  apparently  larger  by  this  amount  than  the  alter- 
nating. 

Discussion. 

The  numerical  results  of  the  preceding  absolute  measurements  are 
collected  and  compared  with  those  of  Kohlrausch  in  Table  I. 

Tabus  I. 
Conductivities  at  25  °. 
Solution  Method  Conductivity 

N  KC1  D.  C.  Potentiometric  o .  1 1 168 

N  KC1  D.  C.  Modified  Bridge  o .  1 1 1 70 

N  KC1  A.  C.  Modified  Bridge  o .  1 1 1 77 

iVKCl  Value  of  Kohlrausch  0.11180 

Max.  Cond.  HtS04  D.  C.  Potentiometric  o  .8242 

Max.  Cond.  H1SO4  Value  of  Kohlrausch  o  .8257 

The  agreement  of  the  Kohlrausch  values  with  all  the  others  in  the  table 
is  probably  within  the  combined  experimental  error  of  the  2  sets  of  results. 
The  divergence  of  0.068%  between  the  alternating  and  direct  current 
values  obtained  in  this  work  cannot,  however,  all  be  ascribed  to  the 
accidental  error,  =*=o.o2%  in  each  measurement.  After  allowing  for  these 
chance  errors  the  difference  of  about  0.03%  which  remains  between  the 
2  values  is  of  the  same  order  as  that  found  in  the  most  direct  comparisons 
which  could  be  made,  and  is  in  the  direction  anticipated.  The  differences 
found  in  the  direct  comparisons  are,  therefore,  believed  to  show  the  order 
of  magnitude  of  a  real  effect,  which  is  however  too  small  to  be  of  conse- 
quence in  any  ordinary  measurements  or  calculations,  and  too  small  to 
be  accurately  determined  with  the  facilities  available  in  this  work. 

The  failure  of  the  difference  experimentally  f ound  to  equal  in  magnitude 
that  given  by  the  rough  calculation  referred  to  in  the  introduction  cannot 
be  definitely  "localized"  in  the  failure  of  any  one  of  the  assumptions 
involved  regarding  the  number  and  moments  of  the  polar  aggregates 
pictured.  The  results,  therefore,  do  not  offer  any  evidence  as  to  the  state 
of  electrolytes  in  solution.  Considered  in  conjunction  with  the  results  of 
Sheldon,  whose  conclusion  from  a  large  number  of  less  accurate  experi- 
ments may  be  regarded  as  verified  by  the  few  more  precise  measurements 
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described  here,  they  indicate  that  the  effect  is  too  small  at  all  concentra- 
tions to  permit  a  study  of  this  question,  at  least  at  low  frequencies.  The 
frequency  at  which  the  assumed  maximum  (B  in  Pig.  1)  occurs  is  not 
known.  If  it  can  be  located  and  if  the  effect  there  is  appreciably  larger 
than  at  1000  cycles,  a  study  of  the  change  of  the  effect  with  concentration 
might  contribute  definite  evidence  concerning  dissociation. 

The  accuracy  of  the  absolute  conductivities  given  above  is  of  the  order 
of  0.05%,  which  is  probably  about  that  of  the  measurements  of  Kohlrausch. 
That  true  conductivities  of  great  accuracy  are  not  often  required  is  prob- 
ably responsible  for  the  fact  that  the  experiments  of  Kohlrausch  with 
potassium  chloride,  and  other  standard  solutions,  have  not  been  repeated, 
introducing  the  more  recent  refinements  of  technique.  The  desirability 
of  such  a  repetition  has  nevertheless  been  suggested  by  several  authors. 
It  seems  in  order  to  point  out  in  this  connection  that  if  such  a  work  is 
undertaken  it  should,  for  the  sake  of  added  definiteness,  be  paralleled  with 
direct  current  measurements  made  with  the  high  precision  of  which  they 
are  capable. 

Summary. 

In  this  paper  it  is  suggested  that  the  conductivity  of  solutions  of  electro- 
lytes should  be  smaller  at  zero  frequency  than  at  any  frequency  in  a  cer- 
tain range  (of  unknown  limit)  immediately  above  zero.  Various  measure- 
ments made  to  test  this  idea  are  described.  It  is  concluded  that  the 
difference  between  direct  current  conductivities  and  those  at  1000  cycles 
does  not  exceed  0.02-0.03%  in  the  cases  studied,  but  is  in  the  expected 
direction.  Incidentally,  the  conductivity  of  N  potassium  chloride  at 
25  °  given  by  Kohlrausch  is  confirmed,  within  0.1%,  by  the  measurements 
made  here. 

BSftKSLST,  CAL. 


NOTE. 
The  Use  of  Potassium  Hydrogen  Phthalate  as  a  Standard  in  Alkali- 
metry.— In  2  recent  papers  Professor  Hendrixson  has  shown  the  ad- 
vantage of  potassium  hydrogen  phthalate  as  a  standard  in  alkalimetry.1 
Since  this  substance  has  been  in  use  in  my  laboratory  for  15  years  (I 
advocated  its  use  as  a  standard  first  in  a  paper  read  before  the  New  York 
Section  of  the  American  Chemical  Society,  on  January  8,  1904,  and  later 
in  a  published  article  in  1915,2  it  is  gratifying  even  at  this  late  date  to  have 
its  merits  recognized. 

*  This  Joukal,  37,  2352  (1915)  and  42,  724  (1920).  In  the  former  my  original 
paper  is  referred  to,  but  in  the  latter,  undoubtedly  by  an  oversight,  this  has  not  been 
done.  Fatten,  Johnson  and  Mains  (ibid.,  40,  1156  (1918))  quote  almost  verbatim 
from  my  article  without  acknowledgment. 

1  J.  Ind.  Eng.  Chem.,  7,  29  (1915) 
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However,  for  the  benefit  of  any  who  are  using,  or  may  consider  using 
this  substance,  I  would  call  attention  to  an  advisable  precaution  in  its 
preparation.  A  saturated  solution  of  the  acid  phthalate  on  chilling  will 
deposit  crystals  of  a  more  acid  salt,  having  the  formula,  2KHCSH4O4. 
C8HeC>4.  These  crystals  are  in  the  form  of  prismatic  needles,  easily 
distinguished  under  the  microscope  from  the  6-sided  orthorhombic  plates 
of  the  salt,  KHC8H4O4.  A  contamination  of  the  acid  phthalate  with  this 
"triphthalate"  would  be  fatal  for  its  use  as  a  standard,  but  the  formation 
of  the  latter  can  be  entirely  avoided  by  crystallization  at  temperatures 
above  20 °. 

The  writer  hopes  soon  to  present  the  results  of  a  detailed  chemical  and 
crystallographic  study  of  the  acid  phthalates,  which  has  proved  interesting 
in  various  ways.  F.  D.  Dodgb. 

Brooklyn,  N.  Y. 


[Contribution  prom  thb  Chbmical  Laboratory  ok  Brown  University.] 

THE  ACTION  OF  ACETIC  ANHYDRIDE  ON  ALPHA  NAPHTHYL 

PROPIOLIC  ACID.1 

By  Byron  L.  Wbst. 

Received  February  7,  1920. 

Introduction. 

Over  twenty  years  ago,  Michael  and  Bucher*  found  that  phenyl 
propiolic  acid,  when  treated  with  acetic  anhydride,  yields  a-phenyl- 
naphthalene-2,3-dicarboxylic  anhydride.  This  compound  was  unex- 
pected, and  its  identity  was  unknown  for  almost  2  years.  In  a  previous 
research8  they  found  that  acetic  anhydride  reacts  with  acetylene  di- 
carboxylic  acid  to  form  the  anhydride  of  acetoxyl-maleic  acid;  and  on 
treating  this  anhydride  with  water,  they  obtained  oxalacetic  acid.  If 
acetic  anhydride  would  act  on  phenyl  propiolic  acid  in  an  analogous 
manner,  the  anhydride  of  /3-acetoxyl-cinnamic  acid  would  be  formed, 
and  this  compound,  on  treatment  with  water,  would  yield  /3-hydroxy- 
cinnamic  acid. 

Their  explanation  of  the  unexpected  formation  of  the  a-phenyl- 
naphthalene  derivative  may  be  best  explained  by  the  following  formulas. 

1  This  is  an  abstract  of  a  thesis  submitted  in  partial  fulfillment  of  the  require- 
ments for  the  degree  of  Doctor  of  Philosophy  in  Brown  University  by  the  holder  of  the 
Morgan  Edwards  Fellowship  founded  by  the  Philadelphia  Alumni  of  Brown  Uni- 
versity. The  investigation  was  conducted  in  the  Chemical  Laboratory  of  Brown  Uni- 
versity at  the  suggestion  and  under  the  personal  direction  of  Professor  John  E.  Bucher. 
The  author  wishes  to  express  his  gratitude  to  Doctor  William  Williams  Keen,  President 
of  the  Philadelphia  Alumni,  for  his  constant  and  helpful  interest  and  encouragement. 

*  Michael  and  Bucher,  Am.  Chem.  J.,  20,  89  (1898). 

»  Ber.,  28,  251 1  (1895). 
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It  will  be  seen  that  their  explanation  is  based  on  the  fact  that  the  ortho 
hydrogen  atom  of  the  first  molecule  of  the  phenyl  propiolic  acid  wanders 
to  the  0-carbon  atom  of  the  same  molecule.  The  0-carbon  atom  of  the 
second  molecule  unites  with  the  ortho  carbon  atom  of  the  first  molecule 
from  which  the  hydrogen  wandered,  and  the  2  a-carbon  atoms  of  the  side 
chains  unite  to  complete  the  naphthalene  ring. 

This  reaction  has  been  found  to  hold  for  phenyl  propiolic  acids  in  general, 
and  the  following  substituted  phenyl  propiolic  acids  polymerize  with  the 
above  treatment  to  their  corresponding  a-phenyl-naphthalene-2,3-di- 
carboxylic  anhydrides:  0-chloro-,  0-bromo-,  w-nitro-,  p-chloro-,  p-bromo-, 
p-iodo-,  p -methoxy-,  p -methyl-,  and  a  number  of  other  phenyl  propiolic 
acids.  It  has  been  further  shown  by  Holt1  that  symmetrical  tribromo- 
phenyl  propiolic  acid  is  not  condensed  to  a  naphthalene  derivative  by  the 
action  of  acetic  anhydride,  the  anhydride  of  the  bromo  acid  only  being 
formed.  The  reason  for  this  is  apparently  that  the  2  ortho  bromine 
atoms  are  held  too  firmly  for  either  to  wander  from  the  nucleus,  as  would 
be  necessary  if  a  similar  condensation  took  place.  However,  Foote1  was 
unable  to  obtain  any  condensation  product  from  0-anthraquinoyl  propiolic 
acid  where  there  were  2  hydrogen  atoms  on  the  nucleus.  He  explained 
the  result  by  showing  that  his  acid  decomposed  at  135  °. 


The  purpose  of  this  investigation  has  been  to  determine  whether  this 
interesting  condensation,  which  seems  general  for  propiolic  acids  of  the 
phenyl  series,  could  be  extended  to  the  naphthalene  series  as  well.    If 
1  Unpublished  researches.  '  ......_ 
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an  analogous  condensation  should  take  place,  the  product  would  be  an 
a-naphthyl-phenanthrene  di-carboxylic  anhydride,  as  shown  by  the  pre- 
ceding formulas. 

Previous  Methods  of  Preparing  a-Naphthyl  Propiolic  Acid. 

A  new  and  satisfactory  method  for  obtaining  a-naphthyl  propiolic 
acid  from  the  present  limited  supplies  of  chemicals  was  first  worked  out. 
The  action  of  acetic  anhydride  on  this  acid  was  then  investigated.  In  a 
manner  analogous  to  that  of  Glaser1  who  prepared  phenyl  propiolic  acid 
by  treating  potassium  phenyl  acetylene  with  carbon  dioxide  under  pres- 
sure, Leroy2  prepared  a-naphthyl  propiolic  acid  with  poor  and  uncertain 
yields  from  potassium  naphthyl  acetylene  and  carbon  dioxide.  How- 
ever, just  as  in  the  phenyl  series,  this  method  did  not  seem  to  us  feasible 
for  obtaining  the  acid  in  large  quantities.  Moreover,  there  is  room  for 
doubt  as  to  whether  Leroy  ever  obtained  an  absolutely  pure  acid  un- 
contaminated  by  its  jS-isomer.  He  prepared  his  a-naphthyl  ketone 
(from  which  he  obtained  his  acetylene  derivative)  by  the  method  of  Claus 
and  Feist,8  and  Pampel  and  Schmidt.4  In  thfc  method  acetyl  chloride 
and  naphthalene  are  condensed  with  aluminum  chloride.  In  1889, 
Muller  and  Pechman6  performed  this  same  Freidel  and  Crafts  reaction 
and  obtained  a  ketone  that  differed  widely  in  properties  from  that  de- 
scribed in  either  of  the  2  articles  published;  they  called  their  product  the 
0-ketone.  Claus  and  Terstegen6  attempted  to  explain  the  differences 
and  said  that  the  experiment  at  higher  temperatures  gave  an  a-  and  at 
lower  temperatures  a  0-ketone.  In  1896,  however,  5  years  after  Leroy's 
article  on  the  propiolic  acid  preparation,  was  published  Rousset7  stated 
that  none  of  these  authors  had  succeeded  in  isolating  the  ketones  and  ob- 
taining them  pure.  He  found  it  necessary  to  form  their  picrates  in  order 
to  separate  the  2  isomers. 

Bucher8  prepared  many  of  the  propiolic  acids  mentioned  previously 
from  the  corresponding  cinnamic  adds.  They  made  the  cinnamic 
ester  dibromide  and  heated  the  latter  with  alcoholic  potash.  The 
value  of  this  method  depends  on  the  ease  with  which  the  correspond- 
ing aldehydes  can  be  obtained  from  which  the  cinnamic  acids  are  pre- 
pared by  means  of  the  Perkins  synthesis.  However,  a  satisfactory 
method  of  preparation  for  a-naphthaldehyde  was  not  available.  Methyl 
naphthalene  cannot  be  obtained  without  great  expense.     Furthermore, 

1  Ann.,  X54»  140  (1870). 

•  Leroy,  Bull.  soc.  chim.,  [3]  7,  644  (1891). 

•  Claus  and  Feist,  Ber.t  19,  3180  (1886). 

4  Pampel  and  Schmidt,  ibid.,  19,  2898  (1886). 

•  Muller  and  Pechman,  ibid.,  22,  2561  (1889). 

•  Claus  and  Terstegen,  /.  prakt.  Chem.,  50,  517  (1894). 
7  Rousset,  Bull.  soc.  chim.,  (3]  17,  58  (1896). 

•  Bucher,  Am.  Chem.  J.,  32,  ai2  (i$io). 
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Scherler1  in  attempting  to  halogenate  the  side  chain,  found  that  the 
chlorine  or  bromine  atoms  are  just  as  liable  to  replace  the  hydrogens  on  the 
ring  as  those  on  the  side  chain. 

The  usual  method  for  obtaining  aldehydes  which  involves  heating  the 
calcium  salt  of  a-naphthoic  acid  with  calcium  formate,  yields  mostly 
naphthalene  and  only  faint  traces  of  the  aldehyde.2  Gatterman  and 
MafFezzoli*  have  prepared  a-naphthaldehyde  by  use  of  the  Grignard 
reaction  from  magnesium  bromo-naphthalene  and  an  excess  of  formic 
ester.  Owing  to  the  difficulties  involved  and  because  of  a  desire  to  use 
only  comparatively  inexpensive  and  easily  obtainable  materials,  this 
method  has  not  been  used.  Rousset4  obtained  a-naphthaldehyde  from 
the  corresponding  naphthyl-glyoxylic  acid.  In  obtaining  this  acid  he 
had  to  separate  the  a-  and  0-isomers,  and  this  proved  difficult. 

The  best  known  method  for  obtaining  a-naphthaldehyde  has  been 
described  by  Brandis6  as  a  long,  tedious  "time-consuming  process"  with 
poor  yields.  It  is  that  of  Bamberger  and  Lodter6  and  consists  of  the 
reduction  of  the  thioamide  to  the  methyl  amine  and  the  subsequent 
changing  of  this  product  to  the  naphthyl-methyl  alcohol  which  in  turn  is 
oxidized  to  the  aldehyde. 

It  appeared,  therefore,  the  problem  was  to  be  solved  either  by  (i)  de- 
vising a  method  for  obtaining  a-naphthyl  propiolic  acid  without  the  use 
of  the  aldehyde  as  a  starting  point,  or  by  (2)  discovering  more  efficient 
means  for  the  preparation  of  a-naphthaldehyde. 

Considerable  time  and  effort  was  spent  on  the  first  of  these  2  possi- 
bilities in  an  attempt  to  prepare  the  propiolic  acid  from  a-naphthyl 
acetic  ester.  This  work  was  discontinued  because  of  the  success  of  the 
following  method. 

New  Method  for  Obtaining  a-Naphthaldehyde. — Guereschi7  prepared 
benzyl  alcohol  by  reducing  benzamid  in  a  hydrochloric  acid  and  water 
containing  ether  solution.  Later  Hutchinson*  prepared  o-toluyl  alcohol 
in  an  analogous  manner  from  o-toluic  amide,  using  15%  alcohol  instead 
of  ether.  His  yield  was  40-45%.  In  this  laboratory,  Barnard  in  in- 
vestigating Guereschi's  work,  increased  the  latter's  yield  from  31.5% 
to  56%  by  the  use  of  95%  alcohol. 

a-Naphthoic  amide  is  very  readily  prepared,  as  is  well  known,  and  its 

1  Scherler,  Ber.,  24%  39*7  (1891). 

*  Bamberger  aad  Lodter,  ibid.,  ax,  259  (1888). 

*  Gatterman  and  Maffezzoli,  ibid.,  36,  4x5a  (1903). 
4  Rousset,  BuU.  soc.  chim.,  [3]  17,  313  (1896). 

*  Brandis,  Ber.,  aa,  3153  (1889). 

*  Bamberger  and  Lodter,  ibid.,  ax,  339  (1888). 
7  Guereschi,  ibid.,  7,  146a  (1874). 

*  HutcbmsoQ,  ibU.,H*  *75  (1891). 
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several  methods  will  be  discussed  later.    The  most  feasible  was  that  of 
Hoffman1  who  obtained  it  directly  from  the  nitrite. 

By  use  of  a  mechanical  stirrer,  a-naphthamide  was  successfully  reduced 
m  95%  alcohol  solution  with  4%  sodium  amalgam  and  commercial  hydro- 
chloric acid  to  a-naphthyl-methyl  alcohol  and  yields  of  70%  obtained 
with  several  100  g.  lots. 

The  alcohol  was  readily  oxidized  to  the  aldehyde  by  the  use  of  sodium 
dichromate  and  dil.  sulfuric  add  following  a  method  similar  to  that  of 
Bamberger  and  Lodter.2 

Perkin's  well  known  synthesis  was  used  by  Brandis8  and  Lugli4  and 
Rousset8  to  obtain  the  acrylic  acid.  The  yields  at  best  were  only  45  to 
50%  of  the  theory  after  50  to  60  hours  heating  and  the  product  was  ex- 
ceedingly difficult  to  purify.  The  malonic  acid  synthesis  used  by 
Knoevenagel6  on  benzaldehyde  to  obtain  benzal  malonic  acid  and  from  it 
the  cinnamic  acid  gave  much  better  results.  The  reaction  completed 
itself  in  a  few  hours  and  gave  a  comparatively  very  pure  product.  The 
method  consists  of  heating  one  molecule  of  a-naphthaldehyde  and  one 
molecule  of  malonic  acid  with  2  molecules  of  an  8%  alcoholic  ammonia 
solution 

CioH7CHO  +  HtC.CO^NH*  CwHrCH  -  C.CC^NH4 

I  =  I  +  H,0 

(XWH4  CCfcNH* 

On  acidification  the  naphthal  malonic  acid  was  readily  changed  to  the 

acrylic  acid  on  heating. 

C10H7CH  =  C.CO.H  C0H7CH  -  CHCOiH  +  CO* 

I 
CO*H 

From  this  compound  the  method  of  Michael  and  Bucher  was  success- 
fully used  to  obtain  the  a-naphthyl  propiolic  acid.  The  acrylic  ester 
dibromide  was  readily  made  and  the  subsequent  treatment  with  alcoholic 
potash  (3  molecules)  yielded  the  a-naphthyl  propiolic  acid. 

The  whole  synthesis  follows 

CHtOH 
H  SCfcNa  CN  CONH,  J 

cx>co-eo-eo-o^ 

1  Hoffman,  Compt.  rend.,  66, 486  (1868). 
*Loc.cit. 

•  Brandis,  Ber.,  22,  2153  (1889). 

4  Lugli,  Gan.  chim.  ital.,  xx,  393  (1881). 

•  Rousset,  Bull.  soc.  chim.,  [3]  *7r  8»3  («8$6). 

•  Knoevenagel,  Ber.,  31,  2604  (1898),  .,,.,,. 
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CHO  HCBr  —  HCBrCCOiH     C  ss  CCCfcH 

CH  -  CHCO,H 


co-cc-co 


This  synthesis  proved  very  interesting,  for  the  pure  halogen-free 
propiolic  acid  was  obtained  by  forming  of  the  more  soluble  ammonium 
salt  by  means  of  ammonium  carbonate.  A  final  recrystallization  from 
carbon  tetrachloride  yielded  the  product  pure  in  well-formed  needles. 

The  next  step,  after  the  acid  had  been  obtained  and  identified,  was  to 
boil  it  with  acetic  anhydride  in  a  manner  similar  to  that  of  Michael  and 
Bucher.  The  possible  outcome  has  been  briefly  reviewed  and  the  results 
of  the  experiments  are  reserved  until  the  explanation  of  the  experimental 
part  and  the  final  conclusion. 

Experimental  Part. 

Sodium  Salt  of  a-Naphthalene  Sulfonic  Acid. — Commercial  naph- 
thalene was  used  in  forming  the  a-sulfonic  acid.  The  standard  method 
of  preparation  need  not  here  be  described.  The  sulfonation  was  carried 
out  below  60  °  and  any  0-isomer  was  removed  when  the  calcium  salt  was 
made.  Treating  this  with  sodium  carbonate  readily  yielded  the  sodium 
salt  of  a-naphthalene  sulfonic  acid. 

Alpha  Naphtho  Nitrile.1 — Fifty  g.  of  potassium  cyanide  was  first 
finely  ground  and  then  mixed  and  intimately  ground  with  ioo  g.  of 
pulverized  sodium  a-naphthalene  sulfonate  which  had  been  dried  at 
200  °.  The  whole  charge  was  placed  in  an  iron  retort  and  slowly  distilled 
by  heating  gradually  and  increasing  the  heat  toward  the  end  to  a  dull  red. 
Yields  averaged  55-57  g.  of  crude  nitrile.  Several  hundred  g.  was  ob- 
tained by  repeating  this  experiment. 

Purification  of  the  Nitrile. — Attempts  to  obtain  pure  naphthoic  amide 
directly  from  the  crude  nitrile  yielded  an  impure  product  discolored  by  a 
tarry  substance,  the  solubility  of  which  in  alcohol  was  about  the  same  as 
the  amide  itself.  This  impurity  is  fluorescent  in  alcohol.  As  is  well 
known,  one  of  the  chief  impurities  in  this  crude  nitrile  is  naphthalene 
which  is  readily  volatile  in  steam  at  100  °,  while  the  nitrile  is  practically 
non-volatile  at  this  temperature.  Consequently,  200  g.  of  the  impure 
nitrile  was  distilled  with  steam  until  the  odor  of  naphthalene  was  no 
longer  discernible  in  the  distillate.  The  temperature  of  the  steam  was 
raised  by  means  of  a  superheater  and  the  nitrile  was  readily  distilled  at 
195 °  to  2000,  coming  over  with  an  equal  volume  of  water,  as  a  slightly 
yellow  oil  which  when  cooled  with  ice  water  soon  solidified  to  a  white 
cake.  At  the  end  of  the  distillation  a  more  difficultly  volatile  substance 
solidified  in  the  condenser.  This  was  discarded  with  the  residue  in  the 
1  Mere  and  Mflhlhauscr,  Ber.,  3,  709  (1870). 


Digitized  by  VjOOQIC 


1 662  BYRON  L.   WBST. 

flask.  The  pure  nitrile  thus  obtained  melted  at  37-38  °.  Yield,  154  g. 
a-Naphthamide.  (1)  Hydrogen  Peroxide  Method. — Analogous  to  the 
method  of  Radnozewski1  who  prepared  benzamide  from  benzo-nitrile  in 
quantitative  yields  by  the  use  of  alkaline  hydrogen  peroxide,  2.5  g.  of  the 
nitrile  was  added  to  a  3%  solution  of  hydrogen  peroxide  made  alkaline 
with  caustic  soda.  The  temperature  was  maintained  at  40  °  and  on 
vigorous  shaking  the  oily  drops  soon  solidified.  The  amide,  recrystallized 
from  alcohol,  showed  the  yield  to  be  practically  quantitative.  How- 
ever, for  preparation  on  a  large  scale,  because  of  the  expense  of  the  proc- 
ess and  the  difficulty  of  keeping  the  amide  formed  from  occluding  un- 
changed nitrile,  this  method  was  not  used.  The  yield  was  quantitative. 
M.  p.  202  °. 

(2)  Sodium  Hydroxide  Method,  C10H7CN  +  H,0  -  C10H7CONH,.— 
Forty  g.  of  sodium  hydroxide  was  dissolved  in  400  cc.  of  95%  alcohol 
and  filtered  into  a  flask  containing  150  g.  of  pure  a-naphtho-nitrile.  The 
flask  was  provided  with  a  return  condenser,  heated  for  l/%  hour  and  cooled. 
The  large  crop  of  crystals  of  amide  which  resulted  was  filtered  off  and 
washed  with  alcohol.  The  filtrate  was  again  boiled  for  l/t  hour  as  before, 
and  a  second  crop  of  crystals  was  obtained.  The  process  was  repeated 
a  third  time.  After  a  thorough  washing  with  water  to  remove  all  sodium 
naphthoate,  the  amide  existed  as  pure  white  glassy  needles.  Yield, 
100  g.;  m.  p.  203 °  (unoorr.). 

The  filtrates  and  washings  were  combined  and  from  them  the  theoretical 
quantity  of  a-naphthoic  acid  not  obtained  as  amide  was  recovered. 

(3)  Amide  from  Acid, 

Q0H7COOH  +  PCU  -  C10H7COCI  +  POCU  +  HC1 
C10H7COCI  +  2NH,  -  C10H7CONH,  +  NH4CI. 

Seventy-five  g.  of  naphthoic  acid  was  dissolved  in  375  g.  of  carbon 
tetrachloride  in  a  flask  provided  with  a  return  condenser.  To  this  was 
added,  in  small  quantities,  91  g.  of  phosphorus  pentachloride.  After  the 
last  addition,  the  flask  was  heated  on  a  water-bath  until  no  more  hydrogen 
chloride  was  evolved.  The  product  was  then  cooled  with  ice  and  saturated 
with  dry  ammonia.  Finally  an  excess  of  ammonium  hydroxide  (sp.  gr. 
0.9)  was  added  and  the  carbon  tetrachloride  was  recovered  by  distillation. 
The  amide  was  filtered  off  and  washed  with  water  and  a  little  alcohol. 
Yield  of  pure  white  amide,  50  g. 

From  the  filtrate,  the  unchanged  acid  was  recovered. 

a-Naphthyl-methyl  Alcohol, 


>CONH,  +  4H    -     \       y>CH,OH  +  NH« 
1  Radnozewski,  Per.,  18,  3$$  (1885). 
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Eighty-three  g.  of  a-naphthamide  was  dissolved  in  1500  g.  of  95% 
alcohol  in  a  large  battery  jar.  To  this  57.6  cc.  of  28%  hydrochloric 
acid  was  added,  theoretically  the  amount  necessary  to  form  the  hydro- 
chloride of  the  amide.  The  apparatus  was  provided  with  a  mechanical 
stirrer.  It  was  found  to  be  very  important  to  have  this  stirrer  project 
almost  to  the  bottom  of  the  jar  in  order  that  the  mercury  and  the  liquid 
amalgam  subsequently  present  might  be  thoroughly  stirred  up  and  the 
most  efficient  contact  with  the  solution  obtained. 

4500  g.  of  a  4%  sodium  amalgam  was  added  gradually  at  the  rate  of 
100  g.  every  15  minutes.  Bach  hundred  g.  of  amalgam  was  accompanied 
by  the  addition  of  20.5  cc.  of  28%  hydrochloric  acid.  This  was  a  molec- 
ular equivalent  of  the  amount  of  amalgam  and  kept  the  acidity  of  the 
solution  almost  constant.    980  cc.  of  28%  hydrochloric  acid  was  required. 

After  the  last  addition  had  been  made,  the  stirring  was  allowed  to  con- 
tinue for  30  to  45  minutes.  The  solution  was  next  made  alkaline  with 
caustic  soda,  filtered  from  sodium  chloride  and  mercury  and  the  ethyl 
alcohol  was  distilled  off  on  a  water  bath.  On  the  surface  of  the  liquid  in 
the  flask  the  crude  a-naphthyl-methyl  alcohol  appeared  as  a  light  brown 
oil  which  soon  solidified  on  cooling.  The  readily  soluble  naphthyl- 
methyl  alcohol  was  easily  separated  from  unchanged  amide  and  other 
impurities  by  grinding  up  this  cake  in  a  mortar  with  a  little  ether  and 
filtering.  The  ether  was  distilled  off  and  the  crude  a-naphthyl-methyl 
alcohol  was  obtained.    Yield,  46  g.,  63%.    M.  p.  58-60 °. 

Thirty-two  g.  of  amide  was  recovered,  m.  p.  188  °.  When  recrystallized 
the  m.  p.  was  202  °. 

Distillation. — Distilled  at  10  mm.  pressure,  the  boiling  point  was  1930 
and  the  distillate  was  a  clear,  almost  colorless  oil  which  solidified  to  pure 
white  needles  on  cooling.  M.  p.  57-600.  Bamberger  and  Lodter1  gave 
m.  p.  59.5  °  and  b.  p.  301  °  at  715  mm. 

a-Naphthaldehyde.5 — After  the  last  traces  of  ether,  alcohol  and  water 
had  been  removed  by  distillation  in  vacuo  on  a  water  bath,  44  g.  of  the 
crude  a-naphthyl-methyl  alcohol  was  suspended  in  330  cc.  of  20%  sul- 
furic acid.  10%  of  impurities  was  allowed  for  in  calculating  for  the 
amount  of  sodium  dichromate  to  be  used  which  thus  was  found  to  be 
25  g.  This  was  dissolved  in  330  cc.  of  water.  The  flask  was  vigorously 
shaken  to  form  an  emulsion  of  the  aromatic  alcohol  in  the  acid,  and  the 
dichromate  solution  was  added  a  few  cc.  at  a  time.  Bamberger  and 
Lodter  added  the  solid  dichromate,  but  this  method  did  not  work  as  well 
and  gave  lower  yields.  As  the  oxidation  progresses,  a  very  characteristic, 
penetrating  aldehyde-like  odor  is  emitted.  After  the  last  addition  of  the 
dichromate  solution,  the  contents  of  the  flask  is  quickly  cooled  and  washed 

lLoc.cit. 

1  Bamberger  and  Lodter,  he.  cit. 
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out  and  extracted  with  ether.  After  washing  the  extract  with  sodium 
carbonate  solution  and  finally  with  water,  the  ether  was  distilled  off  and 
the  product  cooled.  It  was  immediately  stirred  up  with  a  freshly  pre- 
pared saturated  solution  of  sodium  hydrogen  sulfite  and  suddenly  solidified 
to  a  yellowish  cake.  An  excess  of  bisulfite  solution  was  next  added  and  the 
cake  was  stirred  up  to  the  form  of  a  paste  which  was  kept  in  the  refrigerator 
overnight. 

This  aldehyde  addition  product  was  filtered  and  washed  with  alcohol 
and  ether,  and  finally  was  ground  up  with  ether  in  a  mortar  and  washed 
and  filtered  again.  It  was  then  dried  in  vacuo.  Yield,  36  g.  of  addition 
product  plus  some  sodium  hydrogen  sulfite,  or  17  g.  of  aldehyde,  equivalent 
to  42%. 

Oxidation  to  Naphthoic  Acid. — A  small  quantity  of  the  addition  product 
was  dissolved  in  water  and  treated  with  sodium  carbonate  solution.  The 
product  was  then  extracted  with  ether,  which  on  evaporation  yielded  an 
oil  that  had  a  characteristic,  penetrating,  aldehyde-like  odor.  After 
standing  exposed  to  the  air,  it  soon  lost  its  odor  and  crystallized.  These 
crystals  readily  dissolved  in  sodium  carbonate  solution,  and  on  acidifying 
the  solution,  were  thrown  out  as  a  white  precipitate.  M.  p.  158  °.  Pure 
a-naphthoic  acid  melts  at  1600. 

a-Naphthyl-acrylic  Acid.  (1)  Perkin's  Synthesis.1 — The  usual  Perkin's 
synthesis  as  described  in  the  literature  was  tried  and  various  amounts  of 
potassium  acetate  and  acetic  anhydride  were  used,  with  no  improvement 
in  the  yield.  Long  heating  (50H30  hours)  was  necessary  and  the  product 
obtained  was  difficultly  purified  from  tarry  impurities.    Yield,  45%. 

(2)  a-Naphthyl-mahnic  Acid  Method, 

co-v  ■  co~~ 

The  aldehyde  itself  was  prepared  from  the  addition  product  by  dis- 
solving 12.5  g.  of  the  bisulfite  compound  in  water  (and  filtering  if  any 
remained  undissolved).  The  solution  was  then  treated  with  an  excess 
of  sodium  carbonate  solution  and  finally  was  extracted  with  ether.  *  After 
being  washed  with  water,  the  ether  extract  was  placed  in  a  tared  flask 
from  which  the  ether  was  distilled  off  on  a  boiling-water  bath  and  last 
traces  removed  in  vacuo,  which  would  leave  the  aldehyde  free  from  any 
dissolved  water  or  alcohol.  After  cooling,  the  flask  was  weighed  and 
to  the  aldehyde  (69)  was  added  6  g.  of  malonic  acid.  24.4  cc.  of  8% 
alcoholic  ammonia  was  then  added  to  the  mixture  slowly.    The  flask 

1  Brandts,  Ber.,  2a,  2153  (1889);  Lugli,  Gazz.  Mm.  ital.,  11,  393  (1881);  Rousset, 
Bull.  soc.  ehim.,  [3]  17,  813  (1896). 
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was  cooled  and  vigorously  shaken  and  soon  the  mixture  became  a  crystal- 
line paste.  The  flask  was  now  provided  with  a  return  condenser  and  was 
heated  on  a  water  bath  for  30  minutes,  when  all  the  crystals  went  into 
solution.  Then  the  alcohol  was  distilled  off  and  the  last  traces  removed 
in  vacuo.    The  product  now  existed  as  a  slightly  yellow  cake. 

Save  for  a  slight  amount  of  tar,  this  solid  was  almost  entirely  soluble 
in  water  containing  strong  ammonia.  A  benzene  extraction  readily  left 
the  water  solution  clear  after  a  filtration  through  a  water-moistened  filter 
paper. 

The  acid,  precipitated  with  an  excess  of  dil.  sulfuric  acid,  filtered  and 
washed  free  from  mineral  acid,  was  a  white  solid.  The  filtrate  was 
evaporated  to  recover  the  slight  amount  of  the  acid  which  had  shown 
itself  to  be  slightly  soluble  in  water. 

Yield,  4.9  g.,  m.  p.  185-187  °  with  the  evolution  of  carbon  dioxide. 

0.2762  g.  of  acid  was  titrated  and  required  0.0797  g.  of  sodium  hy- 
droxide. This  value  would  indicate  a  molecular  weight  of  278  for  a 
dibasic  acid  or  139  for  a  mono-basic  acid.  Naphthyl-malonic  acid  has  a 
molecular  weight  of  242,  while  that  of  naphthyl-acrylic  acid  is  198.  The 
obtained  value  would  be  correct  for  65%  malonic  and  35%  acrylic  acids. 

a~Naphthyl-acrylic  Acid. — 4.1  g.  of  the  a-naphthyl-acrylic  malonic  acid 

OCT-  00 

mixture  was  heated  on  an  oil  bath  at  2100  to  2150  for  one  hour.  The 
product  entirely  melted  at  1900  with  the  evolution  of  a  gas  which  gave 
a  test  for  carbon  dioxide.  The  residue  soon  crystallized  on  cooling  and 
was  a  slightly  colored  mass  of  well  formed  needles  that  melted  at  209- 
2120.  Beautiful  needles  sublimed  and  clung  to  the  neck  of  the  flask. 
These  melted  at  207.5  °-  Yield,  3.54  g.  From  the  aldehyde  this  is  a  55.6% 
yield,  a  great  improvement  over  Perkin's  synthesis  when  the  purity  of 
the  product  is  considered. 

Oxidation  of  the  Acrylic  Acid. — To  a  cold  sodium  carbonate  solution 
of  a  small  amount  of  the  acrylic  acid,  dil.  potassium  permanganate  solu- 
tion was  added  and  was  immediately  decolorized.  An  excess  was  added 
and  the  test-tube  was  heated.  The  distinct  odor  of  a-naphthaldehyde 
was  very  noticeable.  When  extracted  with  ether,  an  oily  residue  was  left 
on  evaporation  of  the  ether.  Saturated  sodium  hydrogen  sulfite  solution 
formed  an  addition  product  with  this  oil.  After  standing  in  the  air  the  oil 
soon  lost  its  aldehyde-like  odor,  and  crystals  were  formed  which  dissolved 
in  dil.  sodium  carbonate  solution  and  were  reprecipitated  on  acidifying 
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the  solution.  This  oxidation  reaction  of  acrylic  acids  to  lower  aldehydes 
seems  to  be  general  for  aromatic  acrylic  acids. 

a-Naphthyl-acrylic  Ester. — 3.54  g.  of  a-naphthyl-acrylic  acid  was 
added  to  a  flask  containing  a  mixture  of  36  g.  of  absolute  alcohol  and  4  cc. 
of  cone,  sulfuric  acid  (sp.  gr.  1.84).  The  flask  was  provided  with  a  return 
condenser  and  was  heated  for  8  hours  on  a  water  bath.  One-half  of  the 
alcohol  was  then  distilled  off  and  the  product  was  poured  over  finely 
ground  ice  to  which  had  been  added  a  solution  of  sodium  carbonate  just 
sufficient  to  neutralize  both  acids  at  the  start  of  the  esterification.  The 
ester  was  quickly  extracted  with  ether,  washed  with  a  little  water  and 
placed  in  a  tared  flask  from  which  the  ether  was  distilled  and  the  last 
traces  of  alcohol  and  water  removed  in  vacuo  by  heating  on  a  water  bath. 
The  ester  was  a  slightly  brown  viscous  oil.    Yield,  3.54  g.,  or  89%. 

The  unchanged  acrylic  acid  was  recovered. 

a-Naphthyl-a,0-dibromo-acrylic  Ester, 

CH  -  CHCOiCHs  C?*   .  ^rC.COiCH|. 

I  1  ur    xi 

+Br, 

To  a  flask  containing  3.54  g.  of  the  acrylic  ester  10  cc.  of  carbon  di- 
sulfide was  added.  25.05  g.  of  a  10%  bromine  solution  in  carbon  di- 
sulfide was  added  from  a  dropping  funnel  while  the  flask  was  being 
vigorously  shaken.  The  bromination  was  conducted  in  the  sunlight  and 
was  hastened  by  the  acid  of  a  concave  mirror.  As  each  drop  of  the 
bromine  solution  struck  the  surface,  it  was  almost  immediately  de- 
colorized. The  flask  was  allowed  to  stand  in  the  sunlight  after  all  of  the 
bromine  had  been  added.  Then  the  carbon  disulfide  was  distilled  off 
and  was  only  slightly  pink  colored  from  the  trace  of  unchanged  bromine. 
The  ester  dibromide  soon  solidified  on  standing. 

a-Naphthyl-propiolic  Acid, 
Br.H 
C10H7C      .  CCO2H5  +  3KOH  -  CioHtC  ■ 

H.Br  CCOjK  +  C*H6OH  +  aKBr  +  2H2O. 

5.7  g.  of  the  ester  dibromide  was  dissolved  in  45  cc.  of  95%  alcohol 
and  15.6  cc.  of  a  15.9%  alcoholic  potash  was  added.  This  made  the 
alkali  concentration  about  4%.  The  flask  was  provided  with  a  return 
condenser  and  was  heated  6  hours  on  a  steam  bath.  The  alcohol  was  then 
distilled  off  and  the  product  was  evaporated  to  dryness.  It  was  next 
taken  up  in  a  little  water,  which  dissolved  almost  all  of  it  but  a  small 
amount  of  tar.  A  benzene  or  carbon  disulfide  extraction  left  the  solution 
entirely  clear.    To  get  rid  of  any  dissolved  solvent,  the  solution  was 


Digitized  by 


Google 


ACETIC  ANHYDRIDE  AND  NAPHTHYL  PROPIOUC  ACID.  1 667 

warmed.  Before  acidifying,  it  was  cooled  with  ice  and  then  was  made 
strongly  acid  with  20%  sulfuric  acid.  The  propiolic  acid  came  down  as  a 
brownish  oil,  which  on  standing  solidified  to  a  porous,  brittle  solid.  This 
when  filtered  and  dried,  did  not  show  itself  to  be  halogen  free. 

The  filtrate  was  tested  with  silver  nitrate  and  nitric  acid  and  gave  an 
abundant  precipitate  of  silver  bromide,  which  showed  that  bromine  had 
been  removed  in  the  reaction. 

Purification. — The  solid  was  ground  up  with  solid  ammonium  carbonate 
and  the  mixture  was  treated  with  a  little  water.  The  greater  part  went 
into  solution  and  was  filtered  from  a  small  amount  of  sticky  substance 
through  3  thicknesses  of  filter  paper.  On  precipitation,  the  acid  came 
down  as  flakes,  quite  solid.  Yield  2.4  g.,  or  85%.  Still,  it  was  not 
totally  halogen-free  as  indicated  by  the  Beilstein  copper-gauze  test. 
One  crystallization  from  carbon  tetrachloride,  however,  gave  an  acid 
absolutely  halogen-free.  M.  p.,  133-134 °.  A  second  recrystallization 
gave  a  m.  p.  of  134-135  °.  After  having  been  recrystallized  from  carbon 
tetrachloride  and  twice  from  carbon  disulfide  the  m.  p.  was  138-139  °. 
However,  a  portion  of  the  same  lot,  exposed  to  air  and  light,  melted  at 
I34"~I35°  with  decomposition.  0.062  g.  neutralized  2.85  cc.  of  sodium 
hydroxide  solution  (1  cc.  =  0.004444  g.)  corresponding  to  a  molecular 
weight  of  196. 

Properties. — Slightly  yellowish  white,  well-formed  microscopic  needles 
from  carbon  tetrachloride  in  which  it  is  very  soluble  hot  and  only  sparingly 
soluble  cold.    It  is  very  soluble  in  carbon  disulfide. 

Oxidation  with  Potassium  Permanganate. — The  following  test  was  per- 
formed to  distinguish  this  acid  from  the  acrylic  acid.  Dil.  potassium 
permanganate  solution  was  immediately  decolorized  when  added  to  a  cold 
sodium  carbonate  solution  of  the  pure  propiolic  acid.  This  shows  it  to  be 
unsaturated.  An  excess  of  permanganate  was  added  and  the  tube  was 
heated.  No  odor  of  aldehyde  could  be  detected^whatsoever,  nor  did  an 
ether  extraction  remove  anything  from^the  solution.  The  propiolic  acid 
showed  itself  to  differ  in_this  respect^as^well  as  in  itsjnelting  point  from 
the  acrylic  acid. 

Action  of  Acetic  Anhydride  on  the  Propiolic  Acid. 

One-half  g.  of  the  propiolic  acid  was  heated  with  2  cc.  of  acetic  an- 
hydride and  immediately  went  into  solution.  It  was  boiled  on  a  return 
condenser  for  5  hours.  The  solution  was  then  evaporated  to  V*  its  volume 
by  distilling  off  the  acetic  anhydride  under  diminished  pressure.  On 
cooling,  the  whole  solidified  to  burr-shaped  clusters  of  needles  which, 
when  pressed  out  on  a  porous  plate  and  washed  with  glacial  acetic  acid, 
were  pure  white  and  melted  at  207-209  °.  This  compound  showed  itself 
to  be  saturated  in  that  it  would  not  reduce  potassium  permanganate  in 
cold  solution. 
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Sodium  Salt  of  the  Condensation  Product. — Attempts  to  dissolve  this 
product  in  sodium  hydroxide  were  attended  with  great  difficulties.  Even 
long  boiling  failed  to  have  any  appreciably  noticeable  effect  on  it.  The 
adding  of  a  few  drops  of  95%  alcohol  served  2  purposes:  it  first  dissolved 
a  small  amount  of  the  compound  so  that  it  could  come  into  more  intimate 
contact  with  the  alkali;  then  too,  it  helped  completely  to  salt  out  the 
sodium  salt  which  appeared  as  a  white  solid. 

This  sodium  salt  differed  widely  from  any  that  had  been  met  with  in 
the  whole  series.  First,  it  was  exceedingly  insoluble;  and  then  after  being 
dissolved  after  long  boiling  in  water,  it  would  not  reduce  potassium  per- 
manganate in  cold  solution. 

From  the  theory  already  advanced,  it  is  to  be  supposed  that  a  condensa- 
tion had  taken  place  analogous  to  that  of  the  phenyl-propiolic  acid  series, 
and  that  2  molecules  of  a-naphthyl-propiolic  acid  had  condensed  to  form 
an  8-a-naphthyl-phenanthrene-6,7-dicarboxylic  anhydride  as  follows. 


^C<OtHm 


+HgO 


Proof  of  the  Di-ortho  Anhydride  Condition, 
x.  Baeyer's  Phthalein  Reaction. — When  a  few  crystals  of  the  condensa- 
tion product  were  heated  with  phenol  and  a  few  drops  of  cone,  sulfuric 
acid,  the  resulting  product  was  an  indicator — red  in  alkaline  solution  and 
colorless  in  acid  solution. 


o*b 


2.  Baeyer's  Fluorescein  Test. — A  small  amount  of  the  condensation 
product  was  heated  with  resorcinol  and  sulfuric  acid  for  a  few  minutes. 
The  product,  on  being  poured  on  water  made  alkaline  with  sodium  hy- 
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droxide,  showed  a  very  deep,  reddish-green  fluorescence.    The  reaction 
was  in  all  probability  as  follows. 


From  all  these  tests  and  the  extensive  work  of  Michael  and  Bucher, 
it  seems  reasonable  to  suppose  that  the  new  product  is  8-a-naphthyl-6,7- 
phenanthrene-dicarboxylic  anhydride. 

Summary. 

I.  It  has  been  shown  that  a-naphthyl-propiolic  acid  can  be  prepared 
efficiently,  satisfactorily,  without  great  expense  and  in  good  yields,  from 
commercial  naphthalene  as  a  starting  point. 

II.  Incidentally,  a  satisfactory  method  has  been  found  for  obtaining 
a-naphthaldehyde,  which  has  long  been  a  most  difficult  compound  to 
prepare. 

III.  It  is  of  further  interest  that  the  treatment  of  saturated  a,0-di- 
bromo-naphthyl  propionic  ester  with  alcoholic  potash  readily  removes 
both  molecules  of  hydrogen  bromide  to  form  the  propiolic  acid,  which  is 
obtained  halogen-free  with  very  good  yields  by  the  use  of  ammonium 
carbonate.  In  the  case  of  the  analogous  preparation  of  phenyl-propiolic 
acid,  it  is  exceedingly  difficult  to  remove  the  second  molecule  of  hydrogen 
bromide. 

IV.  Finally,  it  has  been  shown  that  the  action  of  acetic  anhydride  on 
a-naphthyl-propiolic  acid  produces  a  new  compound  that  is  saturated 
and  has  properties  entirely  different  from  the  propiolic  acid,  and  that  the 
polymerization  has  probably  produced  an  8-a-naphthyl-6,7-phenanthrene- 
dicarboxylic  anhydride. 

Jackson  Laboratory,  Du  Pont  Co. 
WiuizifaToif,  Dm*. 
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[Contribution  from  the  Fsdsral  Polytechnic  Institute,  Zurich,  Switzerland.] 

PSEUDO-MUSCARINE  ("SYNTHETIC  MUSCARINE.") 

By  Albert  B.  Weinraoen. 

Received  March  26,  1920. 

Muscarine  is  a  very  powerful  base  occurring  in  the  fly-agaric,  (Amanita 
muscaria).  A  very  small  amount  stops  a  frog's  heart  in  diastole,  an  action 
which  can  be  blocked  or  promptly  relieved  by  atropine.  In  the  fungus, 
the  base  is  associated  with  choline,  and  since  muscarine  differs  from 
choline  merely  by  one  additional  atom  of  oxygen,  Harnack1  gave  it  the 
formula  of  the  choline  derivative,  OHN(CHa)sCH2CH(OH)j.  As  a 
matter  of  fact,  by  evaporating  choline  with  nitric  acid,  Schmiedeberg 
and  Harnack1  soon  after  obtained  a  base  (synthetic  or  pseudo-muscarine) 
which  stopped  the  heart  in  a  similar  manner  to  muscarine.  This  seemed 
to  prove  the  supposition  that  natural  muscarine  and  the  oxidation  product 
of  choline  are  identical. 

However,  Boehm*  and  Honda4  and  H.  Meyer5  showed  that  there  are 
differences  between  the  pharmacological  actions  of  the  natural  and  the 
synthetic  base,  the  most  marked  difference  being  that  the  latter  has  a 
distinct  curare  action  upon  the  motor  nerve  terminations  which  the  natural 
base  lacks  entirely.  With  a  view  towards  a  solution  of  this  discrepancy, 
numerous  investigations  have  concerned  themselves* with  the  compound 
obtained  by  evaporating  choline  with  nitric  acid.  The  compound  was 
generally  examined  and  described  in  the  shape  of  the  chloroplatinate  itself. 

Schmiedeberg  and  Harnack6  thus  obtained  the  chloroplatinate  of 
"synthetic  muscarine"  to  which  they  gave  the  formula  (ClN(CHj)8CHr- 
CH(OH)2)2PtCl4,  and  when  using  more  dilute  acid,  a  by-product  which 
they  looked  upon  as  nitro-oxyethyl-dimethylamine. 

Nothnagel6  isolated  the  same  "synthetic  muscarine"  as  Schmiedeberg 
and  Harnack,  and  as  a  by-product  obtained  the  nitrous  acid  ester  of 
choline,  (ClNCCHaJjCHaCftONO^PtCU.  When  using  more  dilute  acid 
he  obtained  a  by-product  agreeing  in  many  respects  with  that  of  Schmiede- 
berg and  Harnack. 

Schmidt  and  Wagner7  found  only  the  nitrous  acid  ester  of  choline. 

Boehm*  formulated  his  chloroplatinate  of  "synthetic  muscarine"  as 
Schmiedeberg  and  Harnack  did  theirs.  This  formula  was  furthermore 
corroborated  or  accepted  by  numerous  other  investigators.8 

1  Harnack,  Arch.  exp.  Path.  Pharm.,  4,  168  (1876). 
1  Schmiedeberg  and  Harnack,  ibid.,  6,  101  (1877). 

•  Boehm,  ibid.,  19,  87  (1885). 

4  Honda,  ibid.t  65,  454  (191 1);  64*  72  (19x0). 

'  Nothnagel  and  H.  Meyer,  Arch.  Pharm.,  331,  261  (1893);  Ber.,  26,  804  (1893). 

•  Loc.  cit. 

7  Schmidt  and  Wagner,  Ann.  Chcm.,  337,  37  (1904). 

8  Boehm,  Honda,  Nothnagel  and  Meyer,  loc.  cit.    See  also  later  references  to 
Fuehner,  Harmsen,  Straub,  Walter  and  Schott. 
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The  problem  was  reinvestigated  in  1914  by  A.  J.  Ewins1  and  H.  H.  Dale* 
Ewins  found  but  one  chloroplatinate,  i.  e.,  that  of  the  nitrous  acid  ester 
of  choline,  (ClN(CH8)3CH2CHaONO)aPtCl4.  By  a  critical  examination 
of  the  analytical  data,  Ewins  showed  that  the  "synthetic  muscarine" 
of  former  investigators  had  all  consisted  of  the  nitrous  acid  ester  of  choline. 
Dale  showed  that  the  nitrous  acid  ester  of  choline  exhibits  precisely  those 
pharmacological  properties  which  previous  investigators  had  ascribed 
to  "synthetic  muscarine."  Ewins  concludes  that  the  action  of  cone, 
nitric  acid  upon  choline  in  all  cases  leads  to  the  formation  of  but  one  com- 
pound, the  nitrous  acid  ester  of  choline. 

My  own  investigation  was  originally  based  upon  the  supposition  that 
"synthetic  muscarine"  might  indeed  be  identical  with  the  natural  base, 
and  that  the  additional  curare-action  and  other  divergences  of  the  syn- 
thetic product  might  be  due  to  the  presence  of  active  by-products.  Some 
support  had  been  lent  to  this  supposition  by  the  fact  that  I  had  previously 
isolated  even  trimethylamine  from  the  products  when  preparing  "syn- 
thetic muscarine,"  and,  therefore,  suspected  the  presence  of  intermediate 
decomposition  products  as  well.  In  this  paper  are  submitted  the  data 
of  the  most  typical  of  a  series  of  attempts  with  the  above-mentioned 
action  of  nitric  acid  upon  choline. 

Experimental. 

Pure  choline  chloroplatinate  was  prepared  from  the  choline  of  egg 
lecithine,  and  from  choline  obtained  by  the  method  of  Renshaw.8  The 
characteristic  6-sided  crystals  contained  by  analysis  31.57  and  31.62% 
of  platinum,  respectively,  as  compared  with  the  calculated  31.65%. 

Sample  I. 

Here,  as  well  as  with  the  following  samples,  choline  chloroplatinate  was 
treated  with  nitric  acid  according  to  the  original  directions  of  Schmiede- 
berg  and  Harnack.  The  chloroplatinate  (5.5  g.)  was  dissolved  in  nitric 
add  (sp.  gr.  1.4)  on  the  water  bath  and  then  evaporated  to  dryness  on 
the  sand  bath.  The  resultant  product  was  extracted  successively  with 
alcohol  and  several  times  with  small  amounts  of  cold  water  (these  ex- 
tracts being  preserved  for  subsequent  examination).  The  undissolved 
portion  was  fractionally  recrystallized  from  hot  water. 

First  Fraction  (24  g.). — This,  the  least  soluble  fraction  of  chloro- 
platinate, crystallized  in  the  shape  of  very  minute  octahedra  and  the 
combination  of  octahedron  and  cube.  These  small  crystals  could  in 
no  way  be  obtained  larger.  At  times  the  octahedra  intergrew  end-to-end 
forming  chains  or  large  aggregates,  generally  in  the  shape  of  4  papal 
crosses  joined  concentrically  at  right  angles.  By  altering  the  concen- 
1  A.  J.  Ewins,  Biochem.  J.%  8,  209  (1914). 

*  H.  H.  Dale,  7.  Pharm.  expt.  Therap.,  6, 147  (1914). 

*  Reosbaw,  This  Journal,  3a,  128  (1910). 
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tration,  etc.,  the  aggregates  could  be  converted  into  the  small  separate 
octahedra  and  vice  versa.  The  salt  was  anhydrous.  It  melted  with 
decomposition  at  234  °  (bath  200  °).  One  part  dissolves  in  103  parts  of 
water  at  20  °.  The  chloroplatinate  gave  a  distinct  nitroso  reaction  (dark 
blue)  with  diphenylamine  and  sulfuric  acid,  and  the  chloride  gave  the 
Liebermann  reaction. 

Subs,  (vacuum  dried),  0.1853,  0.2199,  0.2125:  Pt,  0.0534,  0.0637,  0.0613.  Subs. 
0.1628,  0.1688:  AgCl,  0.2060,  0.2130. 

Cak.  for  (ClN(CH,)tCH,CH,ONO)tPtCU:  Pt,  28.92;  CI,  3157.  Found:  Pt, 
28.81,  28.98,  28.83;  CI,  31-30,  31-28. 

This  was  evidently  the  chloroplatinate  of  the  nitrous  acid  ester  of  choline 
as  described  by  Ewins.1 

The  salt  is  anhydrous  and  loses  weight  neither  in  vacuum  over  sulfuric 
acid  nor  when  heated  to  ioo°.  The  loss  of  weight  occurring  above  100 ° 
is  evidently  due  to  decomposition.  A  sample  of  o.  1450  g.  kept  at  130- 
1400  lost  2.75%  in  2  hours,  3.51%  in  5  hours,  8.41%  in  8  hours,  and 
12.62%  when  heated  to  150 °. 

The  Hydrochloride. — Several  grams  of  chloroplatinate  was  decom- 
posed with  potassium  chloride,  and  the  hydrochloride  extracted  with 
alcohol.  It  is  best  recrystallized  by  adding  ether  to  a  hot  concentrated 
alcoholic  solution  until  the  solution  just  begins  to  cloud.  Upon  cooling, 
the  hydrochloride  crystallized  in  clear,  transparent,  small  prismatic 
needles  and  prisms  which  melted  at  165  °,  and  contained  2H2O.  It  gave 
the  nitroso  reaction. 

Subs.,  0.1 153,  0.1380:  AgCl,  0.0808,  0.0964.    Found:  CI,  17.39,  17.28. 
Calc  for  C1N(CH,),CH,CH,0N0:2H20:  CI,  17.34;  H,0,  17.60. 

The  water  of  crystallization  cannot  be  determined  directly,  seeing  that 
it  is  given  off  slowly  and  only  at  temperatures  approaching  the  melting 
point,  whereas  at  such  temperatures  the  hydrochloride  also  splits  off 
chlorine,  viz., 

0.1206  g.  vac.  dry,  dried  1  hr.  at  1300  lost  0.0000  g. 
0.1206  g.  vac.  dry,  dried  1  hr.  at  1600  lost  0.0106  g.  =    8.79%. 
0.1206  g.  vac.  dry,  dried  3  hr.  at  1600  lost  0.0247  g.  =  20.53%. 
0.1206  g.  vac.  dry,  dried  6  hr.  at  1600  lost  0.0302  g.  «■  25.04%. 

The  residue  then  gave  0.0447  &•  AgCl,  t.  e.,  9. 18%  CI.  It  will  be  noted 
that  the  loss  of  weight  at  160  °  plus  the  chlorine  left  in  the  residue  prac- 
tically amount  to  the  sum  of  chlorine  plus  water  of  crystallization  re- 
quired by  the  formula  of  the  hydrochloride. 

The  Aurichloride.— This  crystallized  from  very  dil.  hydrochloric 
acid  in  small,  pointed  flakes. 

Subs.,  0.1756,  0.1867:  Au.  0.0732,  0.0784. 

Calc.  for  ClN(CHi)tCHiCHiONO^uCU:  Au;  41.71.    Found:  41.68,  41.98,  41.71. 

The  Free  Base. — The  base  Was  prepared  by  decomposing  its  phos- 
lLoc.cit.  "  .... 
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photungstate.  It  represented  a  clear,  faintly  yellowish  oil  with  a  dis- 
tinctly basic  odor;  it  was  hygroscopic;  it  rapidly  absorbed  carbon  dioxide 
from  the  air;  it  is  soluble  in  water  and  in  alcohol,  but  insoluble  in  ether. 
When  kept  in  vacuum  over  sulfuric  acid,  it  crystallized  in  short,  broad 
needles  and  in  spear-shaped  crystals  which  tended  to  join  4  concentrically 
at  right  angles.  The  base  gave  a  distinct  nitroso  reaction  with  diphenyl- 
amine  and  sulfuric  acid. 

The  Sulfate  and  the  Perchlorate  — The  former  crystallized  from 
water  in  hair-like  crystals,  the  latter  in  thin,  transparent  flakes. 

The  Second,  Third  and  Fourth  Fractions  (x  g.). — These  3  fractions  of 
chloroplatinate  proved  to  be  identical  with  the  first  fraction. 

Subs.,  0.2092, 0.2659, 0.2726:  Pt,  0.0602, 0.0770, 0.0785. 
Found:  Pt,  28.77,  28.97,  28.80. 

The  Fifth  Fraction  (04  g.). — This  chloroplatinate  crystallized  in 
small,  well-defined,  clear-cut,  4-,  5-  and  6-sided  plates  and  in  3-cornered 
prisms.  The  crystals  were  orange-red,  transparent  and  glistening,  and 
did  not  effloresce  in  a  vacuum  over  sulfuric  acid.  M.  p.  204-205  °  with- 
out charring  but  with  voluminous  orange  foam.  The  salt  gave  an  in- 
tense nitroso  reaction  with  diphenylamine  and  sulfuric  acid. 

Subs.,  0.1332,  0.1x21:  Pt,  0.0385,  0.0324.    Found:  Pt,  28.83,  28.90. 

Although  the  platinum  content  practically  agrees  with  that  of  the  nitrous 
acid  ester  of  choline  (see  first  4  fractions),  the  distinct  differences  in  crystal 
forms,  pharmacological  properties  (see  Summary),  and  other  properties 
disprove  such  identity.  This  compound  was  probably  identical  with  the 
nitro-oxyethyl-dimethylamine  isolated  by  Schmiedeberg  and  Harnack.1 
((CHO^NCaCftONOa)^^^  requires  28.79%  Pt. 

The  Sixth  Fraction  (0.7  g.). — This,  the  last  fraction,  consisted  entirely 
of  trimethylamine  chloroplatinate.  It  crystallized  in  what  at  first  seemed 
to  be  medium-sized  octahedron-cube  combinations,  but  after  some  time 
could  be  recognized  as  thick  5-  and  6-sided  plates  and  combinations  rer 
sembling  the  octahedron-cube  type.  It  melted  with  decomposition  at 
235  °,  and  was  thus  in  all  respects  identical  with  trimethylamine  chloro- 
platinate prepared  for  the  sake  of  direct  comparison.  This  chloro- 
platinate did  not  give  a  reaction,  with  diphenylamine  and  sulfuric  acid, 
and  split  off  trimethylamine  when  treated  with  alkali. 
.  Subs.,  o.f  777, 0.2682:  Pt,  0.0657, 0.0988. 
Calc  for  ((CH»)iN)iHtPtCle:  Pt,  36.97-    Pound:  36.97.  36.84. 

The  Alcoholic  Extraction. — The  extracts  resulting  at  the  outset  when 
the  product  of  the  reaction  was  washed  with  alcohol  and  with  cold  water 
were  examined.  The  aqueous  extract  contained  only  unchanged  choline 
chloroplatinate  (o .  2  g.).  The  alcoholic  extract  furnished  o .  5  g.  of  chloro- 
platinate which  crystallized' from  water  in  small  plates,  some  pointed, 
1  Loc  tit.  •    .*.»*.' _.'  •.  .    .».  .  •  ♦•.*•>••  —. 
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some  oblong  witn  indentations  on  the  2  shorter  sides,  some  almond-shaped* 
and  some  like  miniature  arrow-heads.  When  recrystallized,  it  at  times 
represented  short  prisms  and  prismatic  needles  and  at  times  wedge- 
shaped  flakes.  It  melted  without  charring  at  1860.  The  chloroplatinate 
thus  differs  distinctly  from  that  of  the  nitrous  acid  ester  of  choline  and 
from  that  isolated  in  the  fifth  fraction. 

Subs.,  0.2283,  0.1347:  Ptf  0.0656,  0.0385.    Pound:  Pt,  28.73,  28.60. 
It  gave  a  distinct  nitroso  reaction  with  diphenylamine  and  sulfuric  acid. 
As  noted,  only  a  very  small  amount  of  this  compound  was  isolated. 

Sample  II. 

Choline  chloroplatinate  was  here  treated  with  nitric  acid  as  described 
in  the  case  of  Sample  I,  the  sole  difference  being  that  it  was  evaporated 
with  the  acid  5  times  instead  of  only  once. 

The  First  and  Second  Fractions. — The  chloroplatinate  of  these 
fractions  crystallized  from  water  in  cubes  and  short  prisms,  which  could 
at  times  be  converted  into  small  {dates,  large  striated  flakes,  and  spear- 
shaped  forms.  It  was  anhydrous  and  melted  with  decompositions  at 
208  °. 

Subs.,  0.1368,  0.1312,  0.1724:  Pt,  0.041 1,  0.0393,  0.0515. 
Found:  Pt,  29.97,  29.93,  29.88. 

It  will  be  noted  that  this  chloroplatinate  differs  distinctly  from  that 
of  the  nitrous  acid  ester  of  choline  as  well  as  from  that  obtained  in  the  re- 
maining fractions  of  Sample  I.  The  platinum  contents,  as  a  matter  of 
fact,  agrees  very  well  with  Schmiedeberg  and  Harnack's  muscarine  formula- 
tion, viz.,  (C1N(CHs)aCHtCH(OH)j)sPtCl4,  which  requires  30.15%. 

The  Third  and  Fourth  Fractions. — This  chloroplatinate  crystallized 
from  water  in  very  clear-cut,  transparent,  4-,  and  6-sided  plates  which 
effloresced  in  a  vacuum  over  sulfuric  acid.  It  will  be  noted  that  the 
chloroplatinate  obtained  in  the  fifth  fraction  of  Sample  I  crystallized  in 
plates  which  although  very  similar  did  not  effloresce.  The  chloroplatinate 
gave  a  distinct  nitroso  reaction  with  diphenylamine  and  sulfuric  acid.  It 
melted  without  charring  at  204  °.  The  exact  nature  of  this  compound 
could  not  be  determined. 

Subs.,  (3)  0.1463,  (4)  0.1130:  Pt,  (3)  0.0414,  (4)  0.0320.    Pound:  Pt,  (3)  28.30. 
(4)  28.33. 

The  Fifth,  Sixth,  and  Seventh  Fractions. — These  fractions,  represent- 
ing by  far  the  greatest  portion  of  compound  here  obtained,  consisted  of 
trimethylamine  chloroplatinate. 

Subs.,  (5)  0.1598.  (6)  0.1454.  (7)  0.1216:  Pt,  (5)  0.0588,  (6)  0.0534.  (7)  0,044*- 
Found:  Pt,  (5)  36.81,  (6)  36.71.  (7)  36.9a. 

Sample  III. 

Here  5  g.  of  choline  chloroplatinate  was  treated  with  nitric  acid  pre- 
cisely as  described  in  the  case  of  Sample  I. 
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The  First,  Second,  and  Third  Fractions. — These  yielded  3.4  g.  choline 
nitrous  acid  ester  chloroplatinate  (see  Sample  I,  first  fraction). 

The  Fourth  and  Fifth  Fractions.— These  yielded  1.3  g.  of  a  chloro- 
platinate crystallizing  from  water  in  oddly-shaped  aggregates  formed 
exactly  like  miniature  bird  feathers,  no  matter  how  often  recrystallized. 
The  compound  gave  the  nitroso  reaction  with  diphenylamine  and  sul- 
furic acid.    It  melted  with  decomposition  at  207  °. 

Subs.,  (4)  0.1711.  (4)  0.1881,  (5)  0.1566:  Pt,  (4)  00568,  (4)  0.0625*  (5)  0.0556. 
Found:  Pt  (4)  3320,  (4)  33.24.  (s)  33-I4- 
The  amount  of  this  compound  did  not  suffice  for  a  definite  chemical 
characterization,  but  it  will  be  noted  that  the  value  found  agrees  for 
the  nitrous  add  ester  of  amino-ethyl  alcohol  (see  Summary),  viz.,  (NHj- 
CH3CHsONO)sHsPtCU,  which  requires  33.10%  of  platinum. 

The  alcoholic  extraction  yielded  a  very  small  amount  of  the  same  com- 
pound as  the  alcoholic  extraction  in  the  case  of  Sample  I. 
Subs.,  0.1088:  Pt,  0.0313.    Found:  28.77* 
Sample  IV. 
Choline  chloroplatinate  was  here  treated  with  nitric  acid  precisely  as 
in  the  case  of  Sample  I. 

The  first  4  fractions  yielded  choline  nitrous  acid  ester  chloroplatinate 
(see  Sample  I,  first  fraction). 

Subs.,  0.1789:  Pt,  0.0417.    Found:  Pt,  28.87. 
The  fifth  and  last  fraction  consisted  exclusively  of  trimethylamine 
chloroplatinate. 

Subs.,  0.1866:  Pt,  0.0687.    Found:  Pt,  36.81. 
No  further  compound  could  be  isolated  in  this  attempt. 

Sample  V. 
Here  the  nitrous  acid  ester  of  choline  was  obtained  by  the  direct  action 
of  nitrous  anhydride  gas  upon  the  free  base  choline  suspended  in  dry 
chloroform.    Upon  evaporation  at  low  temperature  there  was  obtained 
a  clear  oily  residue,  which  was  dissolved  in  dil.  hydrochloric  acid  and 
freed  from  traces  of  insoluble  wax-like  by-products  by  filtration.    The 
chloroplatinate  obtained  from  the  filtrate  was  fractionally  recrystallized. 
The  first  2  fractions  (about  10%  yield)  consisted  of  the  chloroplatinate 
of  the  nitrous  acid  ester  of  choline  (see  Sample  I,  first  fraction). 
Subs.,  0.16x4:  Pt,  0.0568.    Found:  28.99. 
All  subsequent  fractions  yielded  unchanged  choline  chloroplatinate. 
Subs.,  0.2800,  0.1207:  Pt,  0.0885,  0.0381. 
Calc.  for  (ClN(CEU)tCH»CH,OH)»PtCl4:  Pt,  31.65.    Found:  3162,  31.57. 

It  appears  that  the  yield  of  choline  nitrous  acid  ester  by  this  method 
is  at  all  times  comparatively  very  small. 
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Summary. 

These  results  show  that  the  action  of  nitric  acid  upon  choline  chloro- 
platinate  according  to  the  original  directions  of  Schmiedeberg  and  Har- 
nack  does  not  produce  a  single  new  compound,  but  that  the  product 
generally  contains  several  new  compounds  as  by-products.  Further- 
more,  even  small  unintentional  variations  in  the  reaction  cause  a 
variation  in  the  product  resulting;  and  finally  a  deviation  even 
merely  to  the  extent  illustrated  by  Sample  II  of  this  investigation  can 
cause  the  formation  of  quite  a  different  main  product.  Considering 
these  facts,  it  would  seem  that  many  of  the  numerous  exact  qualitative 
and  quantitative  pharmacological  examinations  of  "synthetic  muscarine" 
thus  prepared  from  choline  (among  these  Honda,1  Harmsen,2  Boehm,1 
Fuehner,*  Straub,4  Meyer1  Walter,6  Schott,8  etc.),  should  be  consid- 
ered with  these  facts  in  mind. 

In  the  majority  of  cases,  to  be  sure,  when  the  original  directions  for  the 
reaction  are  observed  (Samples  I,  III  and  IV),  the  greater  portion  of  the 
resultant  product  consists  of  the  nitrous  acid  ester  of  choline.  One  cc. 
containing  chloroplatinate  equivalent  to  0.8  mg.  of  the  hydrochloride 
of  this  compound  stopped  the  heart  of  a  frog  (subcutaneously;  frog  38  g.) 
in  diastole  within  13  minutes.  The  arrest  was  momentarily  relieved  by 
atropine.  This  was  found  to  be  the  minimum  dose  for  complete  arrest 
Boehm1  and  Honda1  quote  0.5  to  1.5  mg.  as  the  dose  for  "synthetic 
muscarine." 

In  addition  to  trimethylamine,  there  was  isolated  a  secondary  decom- 
position product  (fifth  fraction  of  Sample  I),  which  was  probably  nitro- 
oxyethyl-dimethylamine.  This  compound  was  without  influence  upon 
the  rate  of  the  frog  heart.  One  cc.  containing  chloroplatinate  equivalent 
to  one  mg.  of  hydrochloride  of  this  compound  (subcutaneously;  frog  40  g.) 
did  not  affect  the  heart  of  a  frog  except  that  it  showed  a  very  slight  and 
merely  very  temporary  decrease  of  its  rate.  The  successive  injection  of 
6  additional  mg.  showed  absolutely  no  influence  upon  the  rate  which 
had  again  become  normal,  whereas,  as  has  been  noted,  as  little  as  0.8 
mg.  of  choline  nitrous  acid  ester  suffice  to  stop  the  heart. 

Another  secondary  decomposition  product  (fourth  and  fifth  fractions 
of  Sample  III)  seemed  to  be  the  nitrous  acid  ester  of  amino-ethyl  alco- 
hol, NHsCHaCHjONO.  Seeing  that  choline  is  readily  formed  by  methyla- 
ting  amino-ethyl  alcohol,7  it  seems  but  natural  that  the  reverse  process 

1  hoc.  cit. 

2  Harmsen,  Arch.  expL  Path,  Pharm.,  50,  361. 
1  Fuehner,  ibid.,  59,  179  (1906);  61,  p.  283. 

4  Straub,  Pflueger's  Arch.,  119,  127  (1907);  no,  492  (1905)* 
8  Walter,  ibid.,  78,  597  (1899). 

•  Schott,  Arch.  expt.  Path.  Pharm.,  65,  239  (1911). 

*  Trier,  Z.  physiol.  Chem.,  8o,  409  (1912).  '         '        *       .  ••*• 


Digitized  by  VjOOQIC 


PSEUDO-MUSCARINE.  1677 

might  readily  be  induced  by  nitric  acid  in  this  instance.  One  cc.  contain- 
ing chloroplatinate  equivalent  to  one  mg.  of  the  hydrochloride  of  this 
compound  merely  succeeded  in  decreasing  the  rate  of  a  frog's  heart  (sub- 
cutaneously;  frog  41  g.)  from  40  to  32  per  minute  at  the  end  of  half  an 
hour.  The  successive  injection  of  8  additional  mg.  merely  decreased 
the  rate  to  24  per  minute.  Finally  an  attempt  was  made  to  stop  this 
heart  by  injecting  choline  nitrous  acid  ester,  of  which  0.8  mg.  normally 
suffice  to  stop  a  frog's  heart.  With  this  heart  the  injection  of  0.8 
mg.  merely  decreased  the  rate  from  24  to  16;  additional  1 .6  mg.  further- 
more decreased  it  to  12,  and  this  rate  could  not  be  further  decreased 
even  by  2  additional  injections  of  1.6  mg.  each.  The  heart  thus  con- 
tinued at  the  rate  of  12  beats  per  minute  even  after  5.6  mg.  of  choline 
nitrous  acid  ester  had  been  injected.  The  compound  evidently  had  an 
action  antagonistic  to  the  muscarine  action  of  choline  nitrous  acid  ester. 
The  test  was  repeated  with  similar  results. 

A  further  by-product  was  isolated  from  the  alcoholic  extracts  (Samples 
I  and  II).  The  platinum  contents  were  very  similar  to  those  of  choline, 
nitrous  acid,  ester,  chloroplatinate,  but  the  crystal  forms,  melting  points, 
etc.,  disprove  such  identity.  The  nature  of  this  compound  could  not  be 
established. 

By  deviating  from  the  original  directions  as  illustrated  by  Sample  II, 
the  formation  of  the  nitrous  acid  ester  of  choline  was  circumvented  en- 
tirely. The  main  product  here  (first  and  second  fractions)  agreed  in 
platinum  contents  with  the  requirements  of  Harnack's  muscarine  for- 
mula, (OH)N(CH3)3CH2CH(OH)2.  Seeing  that  the  greater  portion  of 
choline  was  decomposed  to  trimethylamine,  the  yield  of  base  was  very 
small. 

As  an  additional  product  there  was  in  this  case  (third  and  fourth  frac- 
tions, Sample  II)  obtained  a  chloroplatinate  which  differed  from  all  the 
by-products  so  far  obtained.  In  spite  of  great  similarity,  it  differs 
(efflorescence  and  platinum  contents)  also  from  the  chloroplatinate  of  the 
fifth  fraction  of  Sample  I.  One  cc.  containing  chloroplatinate  equivalent 
to  one  mg.  of  the  hydrochloride  of  this  compound  (subcutaneously;  frog 
36  g.)  had  no  influence  upon  the  rate  of  a  frog's  heart.  Similarly,  the  suc- 
cessive injection  of  4  additional  mg.  had  practically  no  effect,  whereas 
the  final  injection  of  one  mg.  of  choline  nitrous  acid  ester  quickly  brought 
diastolic  arrest,  thus  showing  that  there  was  here  no  antagonism,  as 
opposed  to  the  compound  of  the  fourth  fraction  of  Sample  III. 

In  Sample  V  it  was  shown  that  choline  nitrous  acid  ester  can  be  ob- 
tained by  the  interaction  of  nitrous  acid  anhydride  and  the  base  choline, 
but  that  the  yield  by  this  method  is  very  small. 

It  may  be  noted  that  the  chloroplatinate  of  the  first  and  second  frac- 
tions of  Sample  II,  although  agreeing  therewith  tolerably,  well  as  Regards 
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platinum  contents,  differ  distinctly  from  the  chloroplatinate  of  natural 
muscarine  in  crystal  forms,  the  latter  crystallizing  in  octahedra  which 
have  no  definite  melting  point.1 


[Contribution  prom  the  Division  op  Agricultural  Biochemistry,  Minnesota 
Agricultural  Experiment  Station.] 

THE  COLORIMETRIC  ESTIMATION  OF  TYROSINE  BY  THE 
METHOD  OF  FOLIN  AND  DENIS.' 

By  Ross  Aiken  Gortner  and  George  E.  Holm. 

Received  April  12,  1920. 

Folin  and  Macallum,*  in  1912,  noted  that  uric  acid  and  phenols  pro- 
duced a  deep  blue  color  in  solutions  of  phosphotungstic  acid  when  alkali 
was  subsequently  added.  This  observation  was  rapidly  followed  by  a 
paper  by  Folin  and  Denis4  in  which  they  give  detailed  directions  for  the 
preparation  of  2  reagents,  one  of  which  contains  phosphotungstic  acid 
and  the  other  both  phosphotungstic  and  phosphomolybdic  acids.  The 
former  reacts  with  uric  acid  but  not  with  monohydric  phenols  including 
tyrosine,  while  the  latter  reagent  produces  a  beautiful  blue  color  with 
phenol  solutions,  the  reaction,  according  to  Folin  and  Denis,  being  un- 
mistakably positive  with  1  part  of  tyrosine  in  1,000,000  parts  of  water. 

In  a  third  paper  Folin  and  Denis6  apply  the  phenol  reagent  to  the  colon- 
metric  estimation  of  tyrosine  in  proteins,  without,  however,  reporting 
any  careful  quantitative  study  of  the  reagent  when  pure  tyrosine  was 
used.  In  all  some  27  proteins  were  tested  for  tyrosine  content  by  the 
new  reagent  and  in  every  instance  more  tyrosine  was  found  than  was  re- 
corded in  the  literature  from  gravimetric  determinations.  The  average 
percentage  of  tyrosine  found  was  5 .065%  by  the  colorimetric  method  and 
2-647%  by  the  gravimetric  method  for  the  20  proteins  where  both  fig- 
ures are  available.  Folin  and  Denis  express  their  belief  that  tyrosine 
is  the  only  component  of  the  proteins  which  reacts  with  the  phenol  re- 
agent and  that  the  colorimetric  method  gives  an  accurate  measure  of  the 
amount  of  tyrosine  present. 

Shortly  after  Folin's  paper  appeared  Abderhalden  and  Fuchs*  and 
Abderhalden7  stated  that  tryptophane,  oxytryptophane  and  oxyproline 

1  A.  J.  Ewins,  Biochem.  J.,  8,  209  (1914). 

*  Published  with  the  approval  of  the  Director  as  Paper  No.  203,  Journal  Series  of  the 
Minnesota  Agricultural  Experiment  Station.  Presented  before  the  Division  of  Bio- 
logical Chemistry  at  the  Spring  Meeting  of  the  American  Chemical  Society,  St.  Louis, 
April  12-16,  1920. 

1  /.  Biol.  Chern.,  xx,  265-6  (1912). 

4  Ibid.,  12,  239-243  (1912). 

6  Ibid.,  12,  245-251  (1912). 

e  Z.  physiol.  Chem.,  83,  4$8  (1913)- 

7  Ibid.,  85,  91  (1913)1 
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likewise  gave  the  blue  color  with  Folin's  phenol  reagent  and  that,  if  these 
amino  acids  were  present,  reliable  tyrosine  values  could  not  be  obtained. 

Only  recently  Johns  and  Jones1  have  reviewed  the  previous  work. 
They  point  out  that  Abderhalden's  criticism  is  based  on  qualitative  tests. 
Consequently  they  proceed  to  make  a  quantitative  study  of  the  behavior 
of  tryptophane.    They  state: 

"It  is  true  that  tryptophane  gives  a  blue  color  with  the  reagent  of  Folin  and  Denis, 
but  the  intensity  of  the  color  is  much  less  than  that  given  by  an  equivalent  weight  of 
tyrosine.  It  is  well  known  that  tryptophane  is  decomposed  by  acid  hydrolysis.  To 
ascertain  whether  this  decomposition  is  complete  and  that  the  decomposition  products 
do  not  give  a  color  with  the  reagent  of  Folin  and  Denis,  the  following  experiment  was 
made:  5%  of  tryptophane  was  added  to  0.5  g.  of  kafirin,  and  the  mixture  was  boiled 
with  20%  hydrochloric  add  for  12  hours.  The  tyrosine  in  the  hydrolysate  was  estimated 
by  the  method  of  Folin  and  Denis  and  was  found  to  be  4.36%.  A  hydrolysis  of  kafirin, 
performed  under  similar  conditions  without  the  addition  of  tryptophane,  gave  4.84% 
of  tyrosine.  Hence  the  tryptophane  was  completely  decomposed  and  its  decomposition 
products  gave  no  blue  color  with  the  reagent  of  Folin  and  Denis.  It  is  also  to  be  ex- 
pected that  oxytryptophane,  if  present,  would  be  decomposed  by  acid  hydrolysis, 
since  the  presence  of  the  hydroxyl  group  would  probably  render  it  less  stable  than 
tryptophane.  A  sample  of  gelatin  to  which  tryptophane  had  been  added  was  also 
hydrolyzed.  The  blue  color  obtained  with  the  reagent  of  Folin  and  Denis  was  of  the 
same  intensity  as  that  obtained  by  a  control  hydrolysis  where  no  tryptophane  was  added. 
The  faint  blue  color  obtained  from  the  hydrolysate  of  the  gelatin  was  probably  due  to 
tyrosine  since  the  gelatin  gave  a  distinct  test  for  tyrosine  with  Millon's  reagent. 

Abderhalden  states  that  J-oxyproline  gives  a  blue  color  with  the  reagent  of  Folin 
and  Denis.  On  the  other  hand,  Folin  and  Denis  obtained  only  a  faint  blue  color  from 
the  hydrolysate  of  gelatin  which  contains  3  to  6  %  of  oxyproline.  This  color  was 
probably  due  to  tyrosine.  We  tested  a  number  of  high-grade  samples  of  gelatin  and 
did  not  find  one  that  did  not  respond  to  the  test  for  tyrosine  with  Millon's  reagent. 
Even  gelatin  prepared  from  carefully  cleaned  cartilaginous  rings  of  ox  trachea  gave  a 
decided  test  for  tyrosine." 

Johns  and  Jones,  therefore,  conclude  that  reliable  values  for  the  tyrosine 
content  of  a  protein  can  be  obtained  by  the  use  of  Folin's  phenol  reagent. 

We  recently  desired  to  estimate  the  amount  of  tyrosine  remaining  in  a 
series  of  mixtures  of  pure  amino  acids  which  had  been  boiled  for  some 
time  in  the  presence  of  hydrochloric  acid,  and  in  some  instances  in  the 
presence  of  formaldehyde.  Tyrosine  was  present  in  3  of  the  mixtures, 
tryptophane  was  present  in  2,  while  in  one  neither  tyrosine  nor  trypto- 
phane was  present.1  The  samples  in  which  the  "tyrosine"  content  was 
measured  were  the  solutions  of  the  "bases"  and  the  "filtrate  from  the 
bases"  as  separated  by  Van  Slyke's  method.8 
In  certain  of  the  experiments  our  method  of  work  was  such  that  all 

1  J.  Biol.  Ckem.,  36,  310-322  (1918). 

*  For  a  composition  of  the  mixture  see  Gortner  and  Holm,  "The  Origin  of  the 
Humin  Formed  by  the  Acid  Hydrolysis  of  Proteins.  V,"  This  Journal,  4a,  821-27 
(1920). 

1  /.  Biol.  Chern.,  xo,  15-55  (1911). 
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tyrosine  had  been  removed  from  the  soutions  before  testing  with  the  phenol 
reagent.1  What  was  our  surprise,  therefore,  to  find  that  both  the  "bases" 
and  the  "filtrate  from  the  bases"  gave,  in  every  instance,  a  blue  color 
with  Folin's  phenol  reagent,  this  being  the  case  even  in  the  mixture  where 
no  tyrosine  was  present.  We  accordingly  felt  justified  in  regarding  the 
color  developed  in  this  last  instance  as  a  "blank"  and  by  subtracting 
the  value  of  the  color  developed  in  the  "blank"  from  the  remaining  ex- 
periments of  the  series  we  found  that  practically  100%  of  the  tyrosine 
added  was  present  in  those  solutions  to  which  tyrosine  but  no  aldehyde 
had  been  added,  while  in  corresponding  solutions  to  which  aldehyde 
had  been  added  no  tyrosine  remained.  The  added  aldehyde,  therefore, 
had  quantitatively  removed  ioo  mg.  of  tyrosine,  or  at  least  changed  it  so 
that  it  no  longer  gave  a  color  with  the  phenol  reagent,  but  besides  the 
tyrosine  there  was  still  some  compound  present  in  each  solution  which 
reacted  with  the  phenol  reagent  but  which  was  not  tyrosine.  We  there- 
fore decided  to  make  a  careful  quantitative  study  of  the  effect  of  various 
amino  acids,  and  of  various  other  factors  upon  the  development  of  the 
blue  color  in  solutions  containing  the  phenol  reagent. 

Experimental. 
The  Reagent. — A  large  quantity  of  Folin's  phenol  reagent  was  pre- 
pared exactly  as  outlined  by  Folin  and  Denis.8  ioo  g.  of  sodium  tungstate, 
20  g.  of  phosphomolybdic  acid,  and  50  cc.  of  85%  phosphoric  acid  were 
added  to  750  cc.  of  distilled  water  and  the  mixture  was  refluxed  for  2 
hours  and  then  diluted  to  one  liter.  Folin  and  Denis'3  directions  for  the 
use  of  this  reagent  in  the  quantitative  estimation  of  tyrosine  in  proteins 
are  as  follows. 

"One  gram  of  the  dry  protein  is  accurately  weighed  out  and  transferred  to  a  500-cc. 
Kjeldahl  flask,  25  cc.  of  20%  hydrochloric  acid  is  then  added,  the  flask  closed  by  means 
of  a  Hopkins  condenser  made  from  a  large  test-tube,  and  the  contents  of  the  flask  boiled 
for  twelve  hours  over  a  microburner.  At  the  end  of  this  time  the  flame  is  removed,  the 
contents  of  the  flask  transferred  on  cooling  to  a  100  cc.  volumetric  flask  and  made  up 
to  volume.  One  or  two  cubic  centimeters  of  this  solution  are  then  transferred  to  a 
ioo-cc.  volumetric  flask,  5  cc.  of  the  tyrosine  reagent  added,  and  after  five  minutes, 
25  cc.  of  a  saturated  solution  of  sodium  carbonate,  and  the  mixture  then  made  up  to 
volume  with  cold  tap  water.  The  maximum  color  develops  in  about  ten  minutes. 
Therefore,  the  reading  should  not  be  made  before  this  time  has  elapsed.  Fading  is 
very  slow  in  the  presence  of  the  large  excess  of  reagent  used.  As  nearly  at  the  same 
time  as  possible  a  standard  is  prepared  by  treating  1  mgm.  of  pure  tyrosine  with  5  cc. 
of  the  phosphotungstic-phosphomolybdic  reagent,  then  adding  25  cc.  of  saturated 
sodium  carbonate  solution  and  making  up  to  volume.  The  color  comparison  is  made 
by  means  of  a  Duboscq  colorimeter,  the  standard  solution  being  placed  at  20  mm. 

1  The  tyrosine  had  been  combined  with  formaldehyde  to  form  "soluble  humin." 
See  Gortner  and  Holm,  loc.  cit. 

*  J.  Biol.  Chem.,  12,  239-43  (191 2) 
1  Ibid.,  12,  245-251  (1912). 
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As  a  standard  solution,  we  use  a  solution  of  pure  tyrosine  in  decinormal  hydrochloric 
acid  which  is  made  of  such  a  concentration  that  5  cc.  contain  1  mgm.  of  tyrosine." 

We  have  followed  these  directions  with  the  following  exceptions.  (1) 
Distilled  water  was  used  in  ever  instance  instead  of  tap  water.  (2)  10 
cc.  of  the  reagent  was  used  instead  of  the  5  cc.  recommended  by  Folin 
and  Denis.  The  reasons  for  this  variation  will  be  given  later.  (3)  All 
readings  were  made  with  a  Kober  colorimeter,  carefully  adjusted  and 
standardized. 

Qualitative  Tests  on  Amino  Acids. — Our  first  tests  were  purely 
qualitative  and  we  obtained,  using  50  mg.  of  the  amino  acid,  deep  blue 
solutions  from  tyrosine,  tryptophane,  arginine,  lysine  hydrochloride  and 
proline;  light  blue  solutions  from  phenyl  alanine,  cystine,  histidine  and 
alanine;  and  pale  blue  solutions  from  serine  (synth.)  and  valine,  while 
leucine,  glycine,  aspartic  acid  and  glutamic  acid  gave  no  color.  We 
were  aware  that  our  arginine  and  proline  were  not  absolutely  pure  and  to 
date  we  have  failed  to  obtain  these  amino  acids  in  such  a  degree  of  purity 
that  we  fell  justified  in  accepting  the  color  values  as  final.  We  may  say, 
however,  that  as  purification  has  proceeded  the  color-producing  power 
has,  in  some  measure,  decreased,  indicating  that  at  least  a  part  of  the  color- 
producing  power  may  have  been  due  to  an  impurity.  Likewise,  our  lysine 
dihydrochloride,  while  apparently  pure,  had  been  prepared  from  the 
picrate  so  that  even  though  it  gave  no  Millon's  test,  we  have  omitted  this 
amino  acid  from  our  final  studies.  By  careful  manipulation  we  obtained 
a  Millon's  reaction  with  the  phenylalanine  and  alanine  so  that  their  re- 
action was  probably  due,  in  part  at  least,  to  traces  of  tyrosine. 

Preliminary  Quantitative  Experiments. — The  qualitative  experiments 
were  repeated  using  100  mg.  of  each  amino  acid.  In  these  experiments 
only  5  cc.  of  Folin  and  Denis*  reagent  was  used.  The  color  values  were 
read  against  a  standard  of  one  mg.  of  tyrosine  +  5  cc.  of  the  reagent. 
The  results  are  shown  in  Table  I.  This  table  is  of  value  only  in  indicating 
that  amino  acids  analyzing  100%  pure  by  our  accepted  methods  of  analysis 
may  actually  contain  as  much  as  1%  (as  in  the  case  of  phenylalanine  iso- 
lated from  protein)  of  some  other  amino  acid.1 

The  table  also  indicated  that  any  interference  of  the  other  amino  acids 
with  a  tyrosine  determination  would  be  practically  negligible.  However, 
we  could  detect  no  tyrosine  in  our  tryptophane  preparation.  Inasmuch 
as  we  had  available  7  samples  of  typtophane  which  had  been  prepared  by 
various  workers  at  different  times,  we  decided  to  see  whether  the  color 
was  due  to  tryptophane  itself  or  to  a  tyrosine  contamination,  since  it 
appeared  improbable  that  all  samples  would  be  contaminated  to  an  equal 

1  The  high  values  for  arginine  and  proline  are  ignored  because,  as  stated  above,  we 
knew  that  these  ammo  acids  were  somewhat  impure.  The  color  values  for  tryptophane, 
as  will  be  shown  later,  are  not  due  to  an  impurity  but  to  the  tryptophane  itself. 
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Tablb  I. 

The  Color  Equivalent  of  the  Various  Amino  Acids  Tested,     (ioo  mg.  of  amino  acid 

+  5  cc.  of  Folin  and  Denis1  Reagent  to  ioo  cc.  Volume.) 

Color  intensity  equivalent 
Amino  acid.  to  mg.  tyrosine.1 

Tryptophane 2.5 

Arginine 1 .48 

Proline 1 .40 

Phenyl  alanine 1.17 

Phenyl  alanine  (synth.) 0.075 

Alanine 0.60 

Alanine  (synth.) None 

Cystine 0.21 

Histidine  dihydrochloride 0.16 

Serine  (synth.) 0.15 

Valine 0.085 

Glycine Trace 

Leucine None 

Glutamic  acid None 

Aspartic  acid None 

1  See  statement  in  text  regarding  these  color  values. 

degree.  In  this  new  experiment  we  used  quantities  of  tryptophane  vary- 
ing from  20  to  50  mg.  with  amounts  of  phenol  reagent  varying  from  2.5 
to  5  cc.  The  resulting  solutions  were  made  to  a  volume  corresponding 
to  a  concentration  of  one  mg.  of  the  tryptophane  in  each  cc.  of  final  vol- 
ume.   The  results  are  shown  in  Table  II. 

Tabls  II. 
Color  Value  of  Different  Samples  of  Tryptophane  Under  Various  Experimental 

Conditions. 

Color  value. 
Tryptophane.  Vol.  reagent.  Pinal  vol.        100  mg.  tryptophane 

Sample.  Mg.  Cc.  Cc.  ■■  mg.  tyrosine. 

1  50  2.5  50  2.5 

2  25  2.5  25  4.71 

3  20  2.5  20  6.09 

4  50  50  50  4.83 

5  50  50  50  480 

6  50  50  50  5.09 

7  50  50  50  4-97 

It  will  be  noted  that  Samples  2,  4,  5,  6  and  7  gave  almost  identical  color 
values ■,  thai  Sample  1,  which  gave  only  half  of  the  color  value,  contained  only 
Vs  os  much  phenol  reagent,  and  that  Sample  3,  which  had  25%  excess  of 
reagent,  gave  24.8%  more  color.  In  other  words,  all  samples  were  ap- 
parently identical  and  the  color  developed  was  dependent  on  a  ratio  of 
amino  acid  to  the  phenol  reagent.  By  doubling  the  amount  of  reagent  the 
color  increased  approximately  100%.  This  suggested  a  quantitative 
study  of  the  effect  ,of  concentration  of  the  amino  acid  on  the  color  pro- 
duced when  all  other  factors,  such  as  volume  of  reagent,  final  volume, 
etc.,  were  kept  constant. 
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The  effect  of  concentration  of  reactive  substance  upon  color  depth.  Inso- 
far as  we  are  aware,  no  study  of  the  relation  of  color  intensity  to  concen- 
tration of  reactive  substance  has  been  made,  although  the  phenol  reagent 
has  been  used  by  various  workers.  Folin  and  Denis1  state,  "two  cubic 
centimeters  will  give  the  maximum  color  with  i  mg.  of  tyrosine  or  uric 
acid/'  but  give  no  data  to  show  exact  relations  between  color  and  concen- 
tration of  reagents. 

We  have,  therefore,  measured  the  depth  of  color  produced  in  solutions 
of  tyrosine,  tryptophane,  uric  acid,  ferrous  iron,  and  a-methyl  indole  ill 
the  presence  of  the  phenol  reagent.  In  every  instance  10  cc.  of  the  phenol 
reagent,  25  cc.  of  sodium  carbonate  and  a  final  volume  of  100  cc.  were 
used,  the  only  variable  being  the  reactive  organic  compound  which  was 
used  in  concentrations  ranging  from  0.5  mg.  to  100  mg.  The  colors  in 
every  instance  were  read  against  a  tyrosine  standard  of  one  mg.  of  tyrosine 
+  10  cc.  of  reagent  in  a  final  volume  of  100  cc.    Table  III  shows  the  cblorl- 

I00ffo — I  I 1 1 1 1 1 1 1 1 


10       20       30       40       50       60       70       80       90     100 
Milligrams  substances  per  100  cc. 
,  1. — Showing  the  relation  of  color  developed  by  the  Folin- Denis  phenol  reagent 
to  the  concentration  of  reactive  material 

1  J.  Biot.  Chem.,  za,  240  (1912). 
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m*mc  catioe  which  were  obtained.  These  data  were  recalculated  so  as 
to  *hmr4he  percentage  of  material  which  would  have  been  indicated  on 
the  basis  o£  Jjae  coiorimetric  data,  using  a  tyrosine  standard.  These  fig- 
ures are  given  m  Table  IV  and  in  the  form  of  curves  in  Pig.  i. 

Table  III. 

Showfag  the  Relation  of  Pinal  Color  Depth  to  Concentration  of  Reactive  Materials. 
Ratio  of  color  developed  in  solutions  of  the  following  substance*  at  different 


Concentration 

concentrations  to  the  color  of 

the  standard 

tyrosine  solution. 

of  substance 
in  100  cc.  of 
final  volume. 

Mr 

Tyrosine. 

Tryptophane. 

Uric  add. 

Pe*. 

a-Methyl  indole.* 

Mg.  indole. 

Color  ratio. 

i 

I. OO 

O.858 

O.614 

0995 

0.44 

O.272 

2 

1.859 

I.370 

I    157 

2.072 

O.88 

05I5 

4 

3365 

2.162 

2.427 

3885 

1.32 

O.760 

6 

4.404 

2.326 

3  649 

5.162 

2.20 

I.250 

IO 

5150 

2.798 

5492 

5.883 

4.4D 

2.075 

20 

3278 

8.800 

IX. OO 

2.631 

25 

5460 

6.290 

.... 

50 

5.741 

4520 

6.410 

9526 

100 

5-741 

4.000 

7.092 

lO.OOO 

1  The  a-methyl  indole  has  a  maximum  solubility  of  22  mg.  per  100  cc.  of  solution. 
Therefore,  no  more  than  11  mg.  could  be  used  in  our  work  (50  cc  of  indole  solution, 
10  cc.  of  reagent,  25  cc.  of  Na8COi  solution  and  water  to  100  cc.). 

Tabu*  IV. 

Showing  the  Percentage  of  the  Reactive  Substance  which  would  have  been  Indicated 

by  the  Color  Depth,  Using  a  Tyrosine  Standard. 


Concentration 
of  substance 
in  100  cc.  of 
final  volume. 
Mg. 

Percentage  of  reactive 

substance  "recovered"  by  coiorimetric  measurement. 

Tyrosine. 

Tryptophane. 

Uric  add. 

Fe». 

a-Methyl  indole. 

Mg.  indole. 

%. 

I 

IOO.OO 

85.84 

61.40 

995 

044 

61.83 

2 

92.95 

68.50 

5790 

103.6 

O.88 

58.57 

4 

8413 

54-05 

60.70 

97-1 

1.32 

57-57 

6 

734O 

38.76 

60.80 

86.0 

2.20 

5683 

10 

5I50 

27.98 

54  92 

58.8 

4.40 

4715 

20 

.... 

16.39 

44.O 

II.OO 

2392 

25 

21.84 

25.16 

50 

11.48 

9.00 

12.82 

19.O 

100 

574 

4.90 

7.09 

10.0 

'  * '» 

It  will  be  noted  that  the  curves  in  Fig.  1  are  remarkably  alike  and  that 
the  percentage- of  the  material  which  reacts  to  produce  the  blue  color 
falls  extremely  rapidly  as  the  concentration  of  reactive  substance  in  the 
solution  is  increased.  These  curves  show  conclusively  that  if  tryptophane 
or  any  other  easily  oxidizable  substance  is  present,  color  values  will  be  ob- 
tained almost,  if  not  quite,  as  great  as  those  given  by  tyrosine  itself,  and  that, 
therefore,  tyrosine  can  be  estimated  colorimetrically  only  if  all  other  easily 
oxidizable  substances,  such  as  tryptophane,  ferrous  iron,  etc.,  are  known 
to  be  absent.    In  addition,  it  is  unsafe  to  assume  that  the  color  given  by 
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an  aliquot  is  an  accurate  measure  of  the  reactive  materia]  which  is  present, 
for  if  an  aliquot  actually  contained  25  mg.  of  tyrosine  &  colorimetric 
reading,  under  the  conditions  of  our  experiments,  would  record  the  pres- 
ence of  only  5 .46  mg.  In  our  experiments  we  used  10  cc.  of  the  reagents 
which,  according  to  Folin  and  Denis,  should  be  sufficient  to  give  the 
maximum  color  with  5  mg.  of  tyrosine,  but  according  to  our  curves,  if  5 
mg.  had  been  present  the  color  developed  would  have  indicated  the 
presence  of  only  3 .90  mg. 

Our  study  of  the  reaction  of  a-methyl  indole  was  undertaken  to  ascer- 
tain whether  or  not  the  color  was  due  to  the  presence  of  the  indole  nucleus. 
Folin  and  Denis1  state  that  indole  and  its  derivatives  do  not  react  with 
the  reagent.  This  is  certainly  an  error.  We  did  not  have  sufficient  pure 
indole  to  justify  our  taking  our  entire  supply  to  make  a  quantitative 
study  of  the  color  values  at  the  various  concentrations,  but  a  single  quan- 
titative test  of  a  one  mg.  sample  of  pure  white  crystalline  material  gave 
a  color  value  equal  to  0.71  mg.  of  tyrosine,  or  approximately  equal  to 
the  color  value  of  tryptophane.  We  did  have  a  considerable  amount  of 
pure  a-methyl  indole  and,  therefore,  ran  our  quantitative  color  curve 
with  that  material,  with  the  result  that  we  have  conclusively  demon- 
strated that  the  indole  nucleus  will  react  with  the  phenol  reagent  and 
give  relatively  high  color  values. 

In  view  of  the  results  which  we  obtained,  it  seemed  remarkable  that 
Johns  and  Jones  should  have  arrived  at  a  conclusion  diametrically  op- 
posed to  that  indicated  by  our  data.  In  looking  over  their  paper  for 
some  reason  why  they  obtained  the  results  upon  which  they  base  their 
conclusions,  we  observed  that  they  decolorised  their  hydrolysate  with  carbon 
(Norite),  whereas  Folin  and  Denis  do  not  mention  the  use  of  carbon  or 
bone  black.  We  therefore  decided  to  repeat  and  amplify  Johns  and  Jones' 
experiment. 

Colorimetric  Studies  of  Gelatin  with  and  without  the  Addition  of 
Tyrosine  and  Tryptophane  and  with  and  without  Previous  Decolorizing 
with  Bone  Black* — The  following  solutions  were  prepared  for  this  work. 

Expt.  1.  One  g.  of  gelatin  was  hydrolyzed  by  boiling  with  25  cc.  of  20%  hydro- 
chloric add  for  12  hours.  The  acid  was  then  removed  by  evaporation  in  vacuo  and 
the  solution  made  to  100  cc.  volume. 

Bzpt.  2.  Expt.  1  was  repeated  with  the  exception  that  20  mg.  of  tryptophane  was 
added  before  hydrolysis. 

Expt.  3.  Expt.  2  was  repeated  with  the  exception  that  the  hydrolysate  was  de- 
colorized with  one  g.  of  acid-washed  bone  black  after  the  excess  of  hydrochloric  acid 
had  been  removed  and  before  making  to  the  final  volume. 

Expt.  4.  Expt.  2  was  repeated,  using  20  mg.  of  tyrosine  instead  of  20  mg.  of 
tryptophane. 

»  /.  Bid.  Chem.,  12,  241  (1912). 
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Expt.  5.  This  experiment  was  a  duplication  of  Bxpt  3  with  the  exception  that 
tyrosine  was  used  instead  of  tryptophane. 

Expt.  6.  This  experiment  was  a  duplication  of  Expt.  5  with  the  exception  that 
untreated  bone  black  was  used,  i.  e.t  the  calcium  phosphate  was  not  previously  removed 
by  washing  the  bone  black  with  hydrochloric  add. 

The  results  of  the  colorimetric  study  are  given  in  Table  V,  the  concen- 
tration of  reagents  being  the  same  as  we  have  used  above.  The  data  of 
Table  V  are  shown  graphically  in  the  form  of  curves  in  Fig.  2.  In  Fig. 
3  are  shown  the  curves  for  percentage  recovery  of  the  added  tyrosine 
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Fig.  2.— Showing  quantitative  changes  in  color  produced  by  FoHn's  phenol  reagent 
in  hydrolyzates  of  gelatin  and  of  gelatin  +  tyrosine  and  tryptophane,  respectively. 
The  curves  also  show  the  diminution  of  color  values  when  the  hydrolyzates  have  been 
treated  with  bone  black.  # 

1.  Gelatin  only. 

2.  Gelatin  +  20  mg.  of  tyrosine  per  g.  of  gelatin. 

3.  Gelatin  +  tyrosine,  hydrolyzate  cleared  with  untreated  bone  black. 

4.  Gelatin  +  tyrosine,  hydrolyzate  cleared  with  acid-washed  bone  black. 

5.  Gelatin  +  20  mg.  of  tryptophane  per  g.  of  gelatin. 

6.  Gelatin  +  tryptophane,  hydrolyzate  cleared  with  acid-washed  bone  black. 

and  tryptophane.  These  figures  were  arrived  at  by  subtracting  the 
values  of  the  color  present  in  the  hydrolysate  where  only  gelatin  was 
present  from  the  corresponding  values  obtained  in  the  hydrolysates  when 
tyrosine  or  tryptophane  had  been  added. 
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Pig.  3. — The  percentage  recovery,  measured  colorimetrically,  of  tyrosine  and  trypto- 
phane when  added  to  gelatin.  Correction  has  been  made  for  the  color  produced  by 
gelatin  alone. 

Tabu  V. 

The  Color  Intensities  of  Various  Dilutions  of  the  Solutions  in  Expts.  i  to  6  Inclusive, 

as  Compared  with  a  Standard  Tyrosine  Solution  Containing  x  mg.  of 

Tyrosine  (i  mg.  Tyrosine  =»  i). 


Aliquot 


contained 

gelatin. 

Mg. 

40 

60 
IOO 
200 
4OO 


Ezpt.  1. 
Gelatin 

only. 

Color 
intensity. 

O.20 

O.268 

O.408 

O.907 

1. 8lO 


Bzpt.  2. 
1  g.  of  gelatin 
+  20  mg.  of 
tryptophane. 

intensity. 
O.38 
0.562 
0.879 
1. 801 
2.980 


Bzpt.  3. 

of  gelatin 
+  20  mg.  of 
tyrosine  + 
acid- washed 
bone  black. 

Color 
Intensity. 

O.13 

O.164 

O.250 

O.508 

I.040 


Bzpt.  4. 
1  g.  of 

felstin  + 
Omg.  of 
tyrosine. 

Color 
intensity. 

0.93 
1.36 
2.07 

255 
2.77 


Bzpt.  5. 

1  g. 

of  gelatin 

+  20  mg.  of 

tyrosine  + 

odd-washed 

bone  black. 

Color 

intensity. 

O.45 

O.66 

I.09 

1.96 

2.29 


Bzpt.  6. 

of  gelatin 

20  mg.  of 
tyrosine  4- 

untreatea 

bone  black. 

Color 

intensity. 

O.65 

O.94 
I.50 
2.23 
2.66 


This  study  makes  it  apparent  why  Johns  and  Jones  arrived  at  the  con- 
clusions which  they  published.    It  will  be  noted  that  the  color  values  for 
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gelatin  alone  when  plotted  form  a  straight  line,  indicating  that  with  400 
mg.  of  gelatin  present  there  is  still  a  direct  proportionality  of  color  pro- 
duced. This  is  a  strong  indication  that  the  compounds  which  react 
with  the  reagent  to  produce  color  are  present  in  gelatin  in  minimal  amounts . 
We  have  recently  shown1  that  in  all  probability  our  sample  of  gelatin 
contains  approximately  0.035%  °f  tryptophane  and  0.47%  of  tyrosine, 
figures  which  are  in  excellent  agreement  with  the  present  color  values 
where  a  content  of  0.45%  of  tyrosine  +  tryptophane  is  indicated.  These 
values  are  also  a  strong  indication  that  proline  or  oxyproline  does  not 
produce  appreciable  color  values  with  the  phenol  reagent,  contrary  to 
the  belief  of  Abderhalden  and  Fuchs.*  When,  however,  tryptophane  is 
added,  and  the  solution  is  not  treated  with  carbon  or  bone  black,  there  is  a 
sharp  rise  in  the  color  values  up  to  approximately  25%  of  the  color  value 
of  the  added  tryptophane.  The  reason  why  100%  of  the  added  trypto- 
phane was  not  recovered  is  perfectly  obvious  if  our  previous  publications 
on  humin  formation  are  kept  in  mind.  We  have  shown*  that  the  black 
acid  insoluble  humin  of  a  protein  hydrolysate  is  due  to  the  presence  of 
tryptophane  in  the  protein.  We  have  also  shown  that  proteins  appar- 
ently contain  some  unknown  factor,  perhaps  an  aldehyde,  which  induces 
humin  formation.  This  unknown  factor  is  present  in  small  quantities 
in  our  sample  of  gelatin.4  Therefore,  in  the  present  experiment,  although 
we  added  20  mg.  of  tryptophane,  a  part  of  the  tryptophane  was  converted 
into  insoluble  humin  and  only  the  remaining  portion  reacted  with  the 
phenol  reagent.  However,  in  our  calculations  we  used  the  20  mg.  as 
100  %,  whereas  probably  15  mg.  had  been  converted  into  insoluble  humin 
and  only  4.5  mg.  (basing  our  calculation  on  the  color  values  at  200  mg. 
of  gelatin)  or  22.5%  of  the  added  tryptophane  remained  to  react  with 
the  phenol  reagent.  If  this  reasoning  be  true,  our  color  values  actually 
record  quantitatively  the  amount  of  tryptophane  which  was  not  con- 
verted into  insoluble  humin.  At  any  rate,  the  data  show  that  tryptophane 
which  we  added  does  increase  the  color  values  practically  100%. 

When,  however,  we  investigate  the  color  values  for  the  corresponding 
hydrolysate  which  has  been  treated  with  bone  black,  we  find  that  not  only 
is  there  no  added  color  value,  due  to  the  added  tryptophane,  but  that  the 
color  depth  is  less  in  the  decolorized  solution  of  the  hydrolysate  of  gelatin  + 
tryptophane  than  it  is  in  the  hydrolysate  of  gelatin  alone.  In  other  words, 
the  carbon  which  Johns  and  Jones  used  removed  not  only  all  of  the  trypto- 
phane which  they  added  but  also  some  of  the  tyrosine  and  tryptophane 

1  Holm  and  Gortner,  This  Journal.  42, 637  (1920). 

» Loc.  cit. 

•  Gortner  and  Blish,  This  Journal,  37, 1630-1636  (1915);  Gortner,  J.  Biol.  Chan., 
26,  177-204  (1916);  Gortner  and  Holm,  Tms  Journal,  38,  2477-2501  (191 7);  4*> 
632-640,  821-827  (1920). 

4  Holm  and  Gortner,  ibid.,  42,  639  (1920). 
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originally  present  in  their  proteins,  so  that  the  color  values  which  they 
obtained  were  less  in  the  decolorized  hydrolysate  to  which  tryptophane 
was  added  than  in  the  original  protein  hydrolysate  to  which  no  trypto- 
phane was  added.  They  conclude  from  their  findings  that  "tryptophane 
is  completely  decomposed  during  the  hydrolysis  of  proteins  and  the  de- 
composition products  do  not  interfere  with  the  determination  of  tyrosine 
by  the  method  of  Folin  and  Denis."  As  a  matter  of  fact,  (1)  tryptophane 
is  not1  completely  decomposed  during  the  hydrolysis  of  proteins;  (2)  cer- 
tain of  the  decomposition  products  do  give  colors  with  the  reagent  of  Folin 
and  Denis,  but  the  explanation  of  Johns  and  Jones'  findings  lies  in  the 
fact  that  the  carbon  which  they  used  adsorbed  both  tyrosine  and  trypto- 
phane, together  with  decomposition  products,  so  that  their  color  vahm 
were  not  the  true  color  values  for  the  hydrolysates  under  investigation. 

This  adsorption  of  amino  adds  by  bone  black  is  shown  very  markedly 
by  Curves  2,  3  and  4  of  Fig.  2.  It  is  interesting  to  note  that  untreated 
bone  black  apparently  adsorbs  less  tyrosine  than  does  bone  black  which 
has  been  washed  with  hydrochloric  acid  to  remove  calcium  phosphate. 
Such,  however,  is  not  necessarily  the  case  and  only  illustrates  the  ease 
with  which  a  false  conclusion  may  be  reached.  The  reason  why  the 
untreated  bone  black  gives  more  intense  color  values  lies  in  the  fact 
that  the  untreated  bone  black  contains  some  substance  capable  of  giving  an 
intense  blue  color  with  the  phenol  reagent.  The  acid  washnigs  of  bone 
black  react  with  the  phenol  reagent  to  form  blue  solutions.  This  is 
probably  due  to  ferrous  iron  inasmuch  as  the  acid  washings  decolorize 
permanganate  and  also  give  a  blue  color  with  Folin  and  Denis*  uric 
acid  reagent  just  as  does  ferrous  iron.  Probably  the  iron  originally  pres- 
ent in  the  bones  was  reduced  to  metallic  iron  by  ignition  in  the  presence 
of  the  carbon  and  this  reduced  iron  dissolves  in  add  solutions  to  give 
ferrous  ions.  Because  of  the  presence  of  this  ferrous  iron  the  unwashed 
bone  black,  Curves,  Fig.  2,  represents  the  balance  between  the  adsorp- 
tion of  amino  adds  which  reduces  the  color  intensity,  and  the  addition 
of  ferrous  salts  which  intensifies  the  color.  We  have  not  thought  it  worth 
while  to  investigate  the  quantitative  relationships  of  these  2  opposing 
factors.  The  fact,  however,  that  when  one  adds  bone  black  to  an  add 
solution  he  adds  at  the  same  time  ferrous  iron  should  be  taken  into  ac- 
count in  future  work.  Perhaps  some  of  the  properties  of  "active"  bone 
blade  are  in  reality  due  to  the  presence  of  reduced  iron. 

Discussion. 

From  the  foregoing  data  it  becomes  perfectly  obvious  that  the  phenol 
reagent  of  Folin  and  Denis  cannot  be  used  to  estimate  cokuimetrically 
the  tyrosine  content  of  a  protein  unless  it  is  absolutely  certain  that  no 
1  A  study  detailing  additional  evidence  on  these  points  will  be  published  as  a  sub- 
sequent paper. 
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other  substances  are  present  which  will  react  with  the  phenol  reagent. 
Inasmuch  as  tryptophane  and  certain  tryptophane  decomposition  prod- 
ucts will  react  to  produce  almost  as  much  color  depth  as  an  equal  weight 
of  tyrosine,  and  inasmuch  as  we  know  that  tryptophane  is  a  normal  con- 
stituent of  most  proteins,  it  is  not  surprising  that  Folin  and  Denis  found 
values  for  the  tyrosine  content  of  proteins,  measured  colorimetrically, 
far  in  excess  of  the  values  obtained  by  gravimetric  determinations. 

Whether  or  not  there  are  other  constituents  of  the  protein  molecule 
which  react  analogously  to  tyrosine  and  tryptophane,  we  are  unable  to 
state  with  certainty.  We  believe,  however,  that  such  is  the  case,  for 
we  have  on  hand  at  the  present  time  fractions  of  protein  hydrolysates 
which  certainly  contain  no  tyrosine  and  which  as  certainly  contain  no 
unaltered  tryptophane,  but  which,  nevertheless,  give  intensive  colora- 
tions with  the  phenol  reagent.  However,  we  know  that  these  fractions 
do  not  consists  of  a  single  pure  amino  acid,  and  until  we  have  investigated 
them  further  we  are  unwilling  to  commit  ourselves  as  to  the  nature  of 
the  substance  which  causes  the  reaction. 

A  study  of  the  curves  in  Pig.  1  indicates  another  unfortunate  character- 
istic of  the  phenol  reagent,  i.  *.,  that  the  color  intensity  is  not  directly 
proportional  to  the  concentration  of  the  reacting  substance,  but  that  the 
color  value  is  constantly  changing  with  the  concentration  of  the  tyrosine, 
tryptophane,  etc.  If  this  be  the  case,  we  fail  to  see  how  the  colorimetric 
data  can  be  correctly  interpreted  in  the  case  of  an  unknown  solution 
unless  the  investigator  runs  a  color  curve  similar  to  our  curves  in  Figs. 
1  arid  1  and  ascertains  whether  or  not  the  color  which  is  developed  is  the 
maximum  possible,  i.  e.t  whether  the  concentration  of  the  reactive  ma- 
terial is  low  enough  so  that  100%  of  the  reactive  substance  reacts  with 
the  phenol  reagent.  At  extremely  low  concentrations  of  tyrosine,  trypto- 
phane, uric  acid,  etc.,  where  the  concentration  lies  between  approximately 
0.4  and  1.8  mg.  of  reactive  material,  the  color  intensities  when  plotted 
form  approximately  a  straight  line  and  are  directly  proportional  to  the 
concentration  of  the  reactive  substance  and  it  is  only  in  this  region  of  the 
curve  that  accurate  quantitative  measurements  of  the  reactive  material 
in  an  unknown  solution  are  possible. 

However,  the  most  serious  objection  to  the  use  of  the  phenol  reagent 
lies  in  the  fact  that  apparently  any  substance  which  is  easily  oxidized 
will  react  with  the  reagent  and  cause  the  production  of  the  blue  color. 
Folin  and  Wu1  have  recently  applied  the  phenol  reagent  to  blood  analysis, 
using  it  to  estimate  the  sugar  content  of  the  blood.  In  this  method  the 
sugar  is  oxidized  by  a  weakly  alkaline  copper  tartrate  solution  and  the 
cuprous  copper  formed  is  estimated  colorimetrically  by  the  phenol  re- 
1  J.  Biol.  Chem.,  38,  106  (1919). 
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agent.1  Although  we  have  not  investigated  the  form  of  the  cuprous 
copper  curve,  it  appears  extremely  improbable  that  it  is  different  in 
general  form  from  our  curve  for  ferrous  iron  (Pig.  i),  and  if  that  should 
prove  to  be  the  case  our  criticism  as  to  color  intensity  and  concentration 
would  hold  for  the  sugar  work. 

During  our  study  of  the  ferrous  iron  curve  we  made  quantitative  studies 
on  both  ferrous  sulfate  solutions  and  ferrous  chloride  solutions,  checking 
the  content  of  ferrous  salt  in  each  instance  by  a  permanganate  titration. 
We  were  much  surprised  to  find  that  the  2  curves  did  not  coincide  at 
identical  concentrations  of  ferrous  iron,  but  that  the  ferrous  sulfate  curve 
was  consistently  lower  than  the  ferrous  chloride  curve  which  is  given  in 
Fig.  1.  Obviously  more  factors  were  involved  than  simply  the  concen- 
tration of  the  ferrous  iron,  but  whether  the  discrepancies  were  due  to 
hydrogen  km  concentration,  or  to  the  nature  of  the  anion,  or  to  other  un- 
known factors,  we  are  unable  to  state,  inasmuch  as  we  did  not  pursue 
our  observations  further.  We  further  noted  that  ferrous  iron  produced 
the  same  blue  coloration  in  solutions  where  Polin  and  Denis9  uric  acid 
reagent  replaced  the  phenol  reagent. 

That  accurate  colorimetric  data  cannot  be  obtained  if  2  reacting  sub- 
stances are  present  because  of  different  reactivity  of  different  amino  acids 
at  the  same  concentration  is  illustrated  by  reference  to  the  tyrosine  and 
tryptophane  curves  of  Pig.  2.  Here  at  a  low  concentration  of  amino 
acids  the  color  intensity  of  the  tyrosine-containing  solution  is  far  greater 
per  milligram  of  tyrosine  than  is  that  of  the  tryptophane  solution;  never- 
theless, at  a  higher  concentration  of  amino  acid  the  tyrosine  color  intensity 
falls  off  rapidly  while  the  tryptophane  color  intensity  decreases  only 
slightly  so  that  at  8  mg.  of  added  amino  acid  the  tryptophane  color  curve 
has  crossed  the  tyrosine  color  curve. 

As  a  result  of  our  study  we  are  firmly  convinced  that  a  quantitative 
measurement  of  the  blue  color  produced  by  the  phenol  reagent  in  a  solu- 
tion is  only  an  indication  that  easily  oxidizable  substances  are  present 
m  that  solution,  and  that  accurate  quantitative  data  can  only  be  had 
when  one  knows  that  only  one  such  substance  is  present  in  the  solution, 
and  even  then  the  approximate  concentration  of  the  reacting  material 
must  be  known  or  else  a  series  of  colorimetric  determinations  must  be 
made  so  as  to  ascertain  whether  or  not  the  maximum  color  in  proportion 
to  concentration  is  being  developed. 

Summary. 

As  the  results  of  a  study  of  the  various  factors  influencing  the  color  in- 
tensity of  protein  hydrolysates  to  which  have  been  added  the  phenol 
1  Folin  and  Wu,  J.  Biol.  Chem.,  41,  367-374  (1920),  have  recently  published  the 
formula  of  a  similar  phosphotungstk-phosphomolybdic  acid  reagent  which  they  state 
is  preferable  to  the  phenol  reagent  for  this  purpose. 
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reagent  of  Folin  and  Denis,  according  to  their  directions  for  the  quanti- 
tative estimation  of  tyrosine,  we  are  forced  to  conclude  that: 

1.  Tyrosine  cannot  be  quantitatively  estimated  in  a  protein  hydrolysate 
by  the  use  of  the  phenol  reagent  because 

2.  Tryptophane,  if  present,  will  also  produce  intense  odors  with  the 
reagent,  the  color  produced  by  one  mg.  being  approximately  85%  of  that 
produced  by  tyrosine  at  an  equivalent  concentration. 

3.  Indole  and  indole  derivatives,  contrary  to  the  statement  of  Folin 
and  Denis,  react  strongly  with  the  phenol  reagent  to  produce  the  blue 
color. 

4.  Ferrous  iron,  and  apparently  any  other  easily  oxidizable  material, 
also  reacts  with  the  reagent. 

5.  There  is  considerable  evidence  that  tyrosine  and  tryptophane  are 
not  the  only  protein  constituents  which  produce  blue  colors  with  the 
phenol  reagent. 

6.  The  amount  of  color  which  is  developed  in  a  solution  is  not  a  linear 
function  of  the  concentration  of  the  reactive  material,  but  the  color  values 
fall  off  sharply  as  concentration  increases  until  only  an  insignificant 
fraction  of  the  reactive  material  is  indicated  by  a  measurement  of  the 
color  values  of  the  solutions  containing  any  considerable  amount  of  the 
reactive  substance. 

7.  Because  of  the  peculiar  form  of  the  color  curves  in  relation  to  con- 
centration, it  becomes  necessary  for  one  to  know  the  approximate  con- 
centration of  reactive  material  in  advance  of  the  colorimetric  determina- 
tion so  that  the  colors  may  be  developed  and  read  at  such  a  concentra- 
tion that  the  maximum  color  values  will  be  developed. 

8.  Because  of  the  fact  that  solutions  of  tyrosine  and  tryptophane  do 
not  give  the  same  color  values  at  equivalent  concentrations,  it  is  impossi- 
ble to  measure  accurately  the  sum  of  these  amino  acids  in  a  mixture  which 
contains  no  other  reactive  substances. 

9.  Protein  hydrolysates  must  not  be  decolorized  with  carbon  or  "bone 
black  if  they  are  to  be  used  subsequently  for  a  quantitative  determina- 
tion of  amino  acid  content,  for  the  bone  black  adsorbs  at  least  tyrosine, 
tryptophane  and  tryptophane  decompositions  products  in  appreciable 
amounts,  Whether  or  not  other  amino  acids  were  adsorbed  was  not  de- 
termined. 

10.  Bone  black  contains  some  easily  oxidizable  material,  probably 
reduced  iron,  which  dissolves  in  acid  solutions.  These  acid  solutions 
give  the  blue  color  with  the  phenol  reagent. 

University  Farm, 
St.  Paul,  Mihnssota. 
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[Contribution  ntoac  thb  Dspartmbnt  of  Household  Scibncb  of  the  University 

of  Caufornia.) 

ON  INULIN  IN  THE  GLOBE  ARTICHOKE. 

By  Ruth  Okst  and  Anna  W.  Wuxiams. 

Received  April  27.  1920. 

The  artichoke,  Cyanara  scolymus,  sometimes  called  the  bur  or  globe 
artichoke,  is  a  common  article  of  food,  especially  in  California.  Com- 
paratively little  has,  however,  been  published  as  to  its  composition.  In 
1883,  an  Italian  investigator,  de  Regibus,1  found  in  the  flowering  head 
of  this  plant,  a  carbohydrate  which  he  considered  to  be  inulin.  He  also 
found  that  this  carbohydrate  disappeared  as  the  seed  matured,  and  that 
the  reserve  foodstuff  finally  stored  was  a  fatty  oil. 

The  composition  of  canned  artichoke  hearts,  as  determined  by  routine 
analysis,  was  reported  by  Wiley.2  His  investigation,  however,  dealt 
primarily  with  the  adulterants  present,  and  with  the  economic  value  of 
the  canned  goods.  The  percentage  of  carbohydrate  present  was  evi- 
dently estimated  by  difference,  and  no  attempt  made  to  determine  its 
nature.  Careful  study  of  the  abstract  journals  has  failed  to  reveal  any 
further  reports  on  the  composition  of  this  plant. 

The  possibility  that  the  artichoke  might  be  a  source  of  inulin  suggested 
'itself  to  the  writers  as  a  result  of  inquiries  as  to  the  nature  of  the  white 
deposit,  soluble  in  hot  water,  which  separated  in  canned  artichokes.  This 
suggestion,  combined  with  the  local  interest  in  the  use  of  the  artichoke 
as  a  food  in  California,  and  the  meagerness  of  the  available  information, 
as  to  its  composition  led  to  the  investigation  which  is  reported  here. 

Material. — The  artichokes  used  were  purchased  from  a  local  market 
at  various  times  between  December,  1919,  and  April,  1920.  The  part 
of  the  plant  usually  sold  as  food,  i.  *.,  the  immature  flowering  head,  with 
about  an  inch  and  a  half  of  the  flower  stalk,  was  used. 

Preparation  of  Inulin. — In  general,  the  technique  used  was  that  of 
Dean,'  modified  as  was  found  necessary.  The  artichokes  were  chopped 
with  a  sharp  knife  or  put  through  a  food  chopper  and,  within  2  or  3  min- 
utes after  the  beginning  of  the  operation,  thrown  into  an  excess  of  boiling 
distilled  water  containing  calcium  carbonate.  Boiling  was  continued 
for  40  minutes,  or  until  the  mass  was  soft  and  the  separate  pieces  of  ma- 
terial more  or  less  thoroughly  disintegrated.  The  extract  was  then 
poured  off  through  a  filter,  replaced  by  a  second  portion  of  distilled  water, 
and  the  extraction  at  boiling  temperature  repeated  3  or  4  times.  The 
extracts  obtained  were  treated  exactly  according  to  Dean's  directions.8 

1  P.  e.  de  Regibus,  Giom.  4.  R.  Acad,  imdic.,  45,  560  (1883);  cf.  H.  Fischer,  Cohn's 
"Bid.  der  Pflanzen,"  8,  103  (1902). 

* H.  W.  Wiley,  Bur.  Chan.  Bull.,  13,  pt.  8, 1128  (1893). 
•  A.  L.  Dean,  Am.  Ckem.  J.,  3a,  69  (1904). 
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It  was  found  desirable  to  subject  the  cut  artichokes  to  the  temperature 
of  boiling  water  as  quickly  as  possible,  in  order  to  prevent  the  blackening 
of  the  artichokes  and  the  probable  hydrolysis  of  the  inulin  by  enzymes 
liberated  in  the  bruising  of  the  plant  tissue. 

Properties  and  Identification. — The  substance  obtained  was  easily 
precipitated  as  a  white  solid  by  60%  alcohol.  It  did  not  reduce  Bene- 
dict's solution  until  after  it  had  been  hydrolyzed;  after  this  process,  how- 
ever, an  abundant  precipitate  was  obtained,  and  SeliwanofFs  reaction  for 
levulose  was  positive.  The  hydrolyzed  product  was,  moreover,  levoro- 
tatory,  and  gave  on  treatment  with  phenylhydrazine  hydrochloride  and 
sodium  acetate,  in  the  usual  manner,  an  osazone  which  had  the  crystalline 
form,  and,  after  recrystallization  from  50%  alcohol,  the  melting  point 
(205-6  °)  of  dextrosazone.  A  sample  was  carefully  purified,  washed 
with  absolute  alcohol  and  absolute  ether,  and  finally  dried  for  several 
hours  in  a  water  oven  at  ioo°.  The  rotation  was  then  measured  in 
aqueous  solution,  using  a  Schmidt  and  Hfintsch  saccharimeter.  The 
value  obtained  was 

Ul  _  _  g  5  X  100X0.3468  _  0 

[a\  — «  — 34-68  • 

5.0  X  0.5 

These  properties  agreed  with  those  of  Dean's  inulin.  Moreover,  it 
was  shown  that  the  specific  rotation  was  very  nearly  identical  with  that 
of  a  similar  solution  of  inulin  which  the  writers  had  prepared  in  the  same 
way  from  the  tubers  of  the  Jerusalem  artichoke,  Helianthus  tuberosus.1 
The  substance  was,  therefore,  considered  to  be  inulin. 

General  Analysis. 

Since  Wiley's  analyses*  had  dealt  with  canned  artichoke  hearts  only,  a 
routine  analysis  of  the  material  used  seemed  worth  wnile,  as  did  also  an 
attempt  to  find  the  approximate  percentages  of  the  different  types  of  carbo- 
hydrate present. 

One  large  artichoke  was  put  through  a  food  chopper  and  portions  for 
the  various  analyses  weighed  as  rapidly  as  possible.  Moisture,  protein, 
ether  extract,  ash,  and  crude  fiber  were  determined  according  to  the  official 
methods  outlined  in  Bureau  of  Chemistry  Bulletin  No.  107  and  the  Jour- 
nal of  Official  Agricultural  Chemists.  The  figure  for  total  carbohydrate 
was  obtained  by  difference.  Results  are  tabulated  on  p.  1695.  The  figures 
given  represent  the  results  of  at  least  2  check  determinations  in  each  case. 

1  In  general  it  was  found  that  the  inulin  from  the  Jerusalem  artichoke  was  pre- 
cipitated more  slowly  by  60%  alcohol  than  that  from  the  globe  artichoke.  It  seems 
probable,  moreover,  that  there  is  a  greater  percentage  of  levulans  of  lower  molecular 
weight  in  the  Jerusalem  artichoke  than  in  the  globe  artichoke. 

*Loc.cit. 
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%. 

Moisture 85.5 

Ash 1.1 

Crude  fiber 2.4 

Protein 2.8 

Ether  extract 1.4 

Total  Carbohydrate 6.8 

100. o 

In  order  to  get  some  idea  of  the  percentage  of  this  carbohydrate  which 
consisted  of  inulin,  fresh  artichokes  were  taken,  the  blackened  ends  of 
the  steins  cut  off,  the  flowering  head  and  the  stem  quartered  longitudinally. 
The  samples  so  obtained  were  weighed  rapidly  and  plunged,  without  loss 
of  time,  into  boiling  distilled  water,  and  the  boiling  continued  until  the 
samples  were  soft.  The  water  extract  was  poured  off  through  a  filter, 
replaced  by  a  fresh  portion  of  boiling  distilled  water,  and  the  extraction 
repeated.  After  some  16  to  20  extractions  had  been  made  in  this  manner, 
the  extracts  were  united,  cooled,  made  up  to  definite  volume  (1000  cc. 
for  a  sample  weighing  about  40  g.)  and  the  reducing  sugar  determined 
by  the  modified  Benedict1  colorimetric  method,  which  has  been  shown 
by  one  of  the  writers*  to  be  applicable  to  the  determination  of  levulose 
in  the  presence  of  small  amounts  of  inulin.  Hydrolyses  of  aliquot  parts 
of  the  extract  were  then  carried  out,  using  1%  hydrochloric  acid  at  100  °, 
for  lengths  of  time  which  had  been  shown1  to  be  sufficient  for  the  complete 
hydrolysis  of  inulin.  The  resulting  solutions  were  neutralized,  made  up 
to  twice  their  original  volumes  and  the  levulose  determined  as  before, 
the  final  time  of  heating  the  tubes  being,  in  every  case,  15  minutes,  and 
the  standard  being  pure  glucose.  Samples  from  different  artichokes 
hydrolyzed  separately  gave  results  which  checked  in  every  case  to  o.  1%. 

The  residues  from  the  water  extracts  were  then  heated  on  a  water 
bath  with  1%  hydrochloric  acid  for  several  hours,  the  resulting  add  solu- 
tions poured  through  a  filter,  the  residues  washed  thoroughly,  and  the 
washings  added  to  the  add  extracts.  These  were  neutralized,  made  up 
to  definite  volume,  and  the  reducing  sugar  in  aliquot  parts  of  the  result- 
ing solutions  determined  as  before.  The  results  obtained  are  listed 
below: 

Reducing  sugar  (Corrected  for  color  produced  by  inulin) 0.6 

Reducing  sugar  after  hydrolysis  of  water  extract 3.4 

Reducing  sugar  in  residue  from  water  soluble  extract  after  hydrolysis 0.6 

Probable  reducing  sugar  derived  from  inulin 2 .8 

Probable  inulin  (2.8  X  0.9) 2.5 

Total  carbohydrate  extracted  by  water  and  1%  HC1 4.2 

Difference  from  value,  routine  analysis  (6.8) 2.6 

1  S.  R.  Benedict  and  E.  Osterberg,  /.  Biol.  Chem.,  34,  195  (1918). 
*  R.  Okey,  ibid.,  38,  33  (1919). 
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There  may  be  some  question  of  the  accuracy  of  results  obtained  by 
this  method,  because  of  the  possible  presence  of  other  reducing  substances, 
and  the  fact  that  the  error  is  multiplied  by  such  a  large  factor;  but  it 
seems  fair,  at  least  to  consider  that  they  represent  proximate  maximum 
values.  The  difference  between  the  values  for  "Total  carbohydrates 
extracted  by  water  and  1%  HQ"  and  for  "total  carbohydrates  by  differ- 
ence" would  indicate  the  presence  of  hemicellulose-like  substances. 
Moreover,  the  structure  of  the  artichoke  makes  this  seems  the  more  proba- 
ble. 

It  has  been  shown1  that  the  human  digestive  tract  secretes  no  enzymes 
capable  of  digesting  either  hemicellulose  or  inulin,  and  there  is  some  evi- 
dence2 that  inulin  is  not  utilized  by  the  animal  body. 

There  is  some  reason  to  doubt,  therefore,  whether  the  larger  part  of  the 
carbohydrate  of  the  globe  artichoke  is  in  a  form  that  can  be  utilized 
by  the  human  organism. 

B*XXSLBY,  CAUF. 
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THE  SPECIFIC  ROTATION  OF  FRUCTOSE. 

By  Warren  C.  Vosburoh.1 

Received  May  21,  1920. 

In  the  course  of  an  investigation  of  the  determination  of  the  amount  of 
sucrose  and  invert  sugar  in  their  mixtures  it  was  found  that  considerable 
disagreement  exists  in  the  literature  as  to  the  specific  rotation  of  fructose. 
For  example  the  specific  rotation  for  a  concentration  of  5  g.  per  100  cc. 
(4.93%  by  weight)  according  to  several  observers  is  as  follows. 

Ml0  [«fi? 

89.64                    86.84  Jungfleisch  and  Grimbert" 

89.40                     86.04  Honig  and  Jesser* 

9245                     89.65"  Ost* 

91 .0*                     88.0  Nelson  and  Beegle7 

a  Jungfieisch  and  Grimbert,  [a]'D  «  — (101.38  — 0.56  t  +  0.108  (c — 10)),  Compt. 
rend,,  107,  390  (1888). 

*  Honig  and  Jesser,  [a]*D  =  —(88.13  —  0.2385  p  +  0.6714  ('  —  20)),  /.  Deut.  Zucker- 
ind.,  38,  1028  (1888). 

c  Using  the  temperature  coefficient  of  Jungfieisch  and  Grimbert. 
d  Ost,  [alap°  -  —(91.90  +  0.111  p),  Btr.t  *4,  1636  (1891). 

•  Interpolated  between  15  °  and  25  °. 

'  Nelson  and  Beegle,  This  Journal,  4*»  559  (1919)- 

1  Cf.  M.  D.  Swartz,  Trans.  Conn.  Acad.  Sci.t  x6,  297  (1911).  for  a  review  of  this 
literature. 

1  R.  Okey,  /.  Biol.  Chem.t  39,  149  (1919). 
1  National  Research  Fellow. 


digitized  by  VjOOQIC 


SPECIFIC  ROTATION  OF  FRUCTOSE.  1697 

There  is  disagreement  also  as  to  the  temperature  coefficient  of  the 
specific  rotation.  In  order,  therefore,  to  obtain  accurate  values  of  the 
specific  rotation  for  different  concentrations  at  25  °  which  were  needed 
in  the  above  mentioned  investigation,  it  was  necessary  to  make  several 
measurements  for  various  concentrations. 

In  this  investigation  it  has  been  found  that: 

(1)  The  specific  rotation  of  fructose  at  25  °  can  be  expressed,  in  terms 
of  the  per  cent,  by  weight,  p,  and  the  concentration  in  grams  per  100  cc, 
c,  respectively,  by  means  of  the  equations, 

Md  -  —(88.50  +  o.i45>)  *    (I) 

Md  ■■  — (88.50  +  0.150  c  —  0.00086  c*).  (II) 

These  equations  are  b&sed  on  experimental  results  for  the  range  p  =  2.6 
to  p  *  18.6  and  c  =  2.6  to  c  «  20. 

(2)  The  temperature  coefficient  of  the  specific  rotation  is  a  function 
of  the  concentration. 

(3)  The  relation  between  specific  rotation  and  temperature  for  tem- 
peratures between  150  and  370  can  be  expressed  as 

Md  -  Md  +  (0.566  +  0.0028  c)  (t  —  25).  (Ill) 

(4)  The  values  for  the  specific  rotation  found  in  this  investigation  are 
from  20  to  30  higher  than  those  calculated  from  the  formulas  of  Jung- 
fleisch  and  Grimbert,  and  Honig  and  Jesser. 

(5)  The  formula  of  Ost  gives  values  higher  at  concentrations  below 
10%  and  lower  above  10%  than  the  specific  rotations  found  in  this  in- 
vestigation. 

(6)  The  equation  Md  ™  — (9I-5o  +  0.133  p)  expresses  Ost's  results 
better  than  the  equation  given  by  him. 

(7)  Ost's  experimental  values  for  the  specific  rotation  for  concentrations 
up  to  10%  are  in  good  agreement  with  the  values  calculated  from  Equa- 
tions I  and  III  of  this  investigation. 

Purification  of  the  Fructose. — Five  different  lots  of  fructose  were 
purified  by  recrystallization  from  strong  acetic  acid  solution  as  recom- 
mended by  Hudson  and  Dale1  for  the  purification  of  glucose.  The 
purified  fructose  was  dried  for  several  hours  at  40  °  in  vacuo  over  cone. 
sulfuric  acid  and  preserved  in  glass-stoppered  bottles  in  a  desiccator  over 
cone,  sulfuric  acid. 

Preparations  1  and  2  resulted  from  recrystallization  of  some  fructose 
previously  purified  in  this  laboratory  by  Nelson  and  Beegle.* 

Preparation  3  was  obtained  by  2  recrystallizations  of  some  commercial 
fructose. 

Preparation  4  was  the  result  of  a  third  recrystallization  of  a  portion  of 

1  Hudson  and  Dale,  This  Journal,  39,  320  (1917). 
*Loc.cU. 
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Preparation  3.  The  good  agreement  of  the  specific  rotation  of  this  prep* 
aration  with  that  of  the  other  preparations  is  good  evidence  of  the  purity 
of  the  material  used  in  this  investigation. 

Preparation  5  was  the  result  of  3  recrystallizations  of  fructose  similar 
to  that  used  in  Preparation  3. 

Procedure. — The  required  amount  of  fructose  was  weighed,  dissolved 
in  distilled  water  and  made  up  to  100  cc.  at  the  temperature  of  measure- 
ment in  a  calibrated  volumetric  flask.  The  solution  was  then  weighed 
in  order  that  the  per  cent,  by  weight  could  be  calculated  in  addition  to 
the  volume  concentration.  In  some  of  the  experiments  of  Tables  III 
and  IV  the  solution  was  made  up  at  one  temperature  and  the  rotation 
measured  at  another.  In  that  case  the  density  was  determined  at  the 
temperature  in  question  as  well  as  at  the  temperature  at  which  the  solu- 
tion was  made  up  to  volume  and  the  required  concentration  calculated. 
All  weights  were  reduced  to  a  vacuum  in  the  calculations. 

All  solutions  were  allowed  to  stand  until  mutarotation  was  com- 
plete.1 The  angular  rotation  of  at  least  2  samples  of  each  solution  was 
then  measured  and  the  mean  value  taken  as  the  angular  rotation  of  the 
solution. 

For  the  measurement  of  the  angular  rotation  a  Schmidt  and  Haensch 
polarimeter  sensitive  to  0.01  °  was  used.  The  solution  being  measured 
was  maintained  accurately  at  the  desired  temperature  by  the  use  of  the 
thermostat  described  by  Nelson  and  Beegle.*  The  polariscope  tubes  were 
measured  and  found  to  be  199.94  nun.  and  200.39  mm.  in  length  respec- 
tively and  all  observed  angular  rotations  given  were  corrected  to  apply  to  a 
200  mm.  tube.  At  least  4  polariscope  settings  were  made  for  each  sample 
in  the  manner  recommended  by  Browne.' 

Two  different  light  sources  were  used  in  the  polariscopic  measure- 
ments. Most  of  the  measurements  were  made  with  the  use  of  a  sodium 
lamp,  the  light  from  which  was  not  purified.  The  other  source  of  light, 
which  was  used  in  the  experiments  of  Table  V,  was  a  mercury-vapor  lamp 
the  light  from  which  was  purified  by  passing  through  a  Wratten  No.  74 
filter,  giving  light  of  wave  length  X  =*  546  /*  /*. 

The  Specific  Rotation  at  25  °. — Determinations  were  made  as  given  in 
Table  I  using  sodium  light.    The  first  column  gives  the  weight  of  fructose 
in  100  cc.  of  solution.    The  second  gives  the  density  as  determined  by 
weighing  the  100  cc.  of  solution.    The  third  column  gives  the  composition 
in  per  cent,  by  weight  calculated  by  dividing  the  weight  per  100  cc.  by 
1 A  calculation  from  the  results  of  Nelson  and  Beegle,  he.  cit.,  shows  that  the 
mutarotation  of  pure  0- fructose  would  be  99.9%  complete  after  84  minutes  at  15°  or 
after  35  minutes  at  25°  at  the  hydrogen  ion  concentration  giving  minimum  velocity. 
1  Loc.  cit. 
9  Browne,  "A  Handbook  of  Sugar  Analysis/9  191a,  p.  106. 
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.  the  density  of  the  solution.    The  figures  in  the  fourth  column  refer  to  the 
►  particular  preparation  of  fructose  used.    The  fifth  column  gives  the 

angular  rotation,  and  the  sixth  the  specific  rotations  calculated  from  the 

observed  rotations  and  the  volume  concentrations. 

Tabim  I. 
Specific  Rotation  of  Fructose  at  25  °. 


Cone,  in 

Observed 

Specific 

g.  /lOOcc. 

Density. 

%by  wt. 

Fructose. 

rotation. 

rotation. 

2.632 

I.OO73 

2.6l 

1 

—  4.68 

—88.91 

2.632 

I.  OO71 

2.6l 

2 

—  4.67 

—88.72 

2.632 

I.O062 

2.62 

3 

—  4.69 

—89.09 

5003 

I.  O164 

4.92 

1 

—  8.94 

—89.35 

5003 

I. Ol6o 

4.92 

2 

—  8.91 

—89.05 

5003 

I. OI60 

4.92 

3 

—  8.91 

—8905 

5265 

I. OI70 

5.18 

1 

—  942 

— 89.46 

5265 

I. OI73 

5.18 

2 

—  939 

—89.17 

7900 

I 

— 14.16 

— 89.62 

7.900 

I.0268 

7.69 

3 

— 14.16 

—89.62 

IO.OO6 

I.O348 

967 

1 

—17.99 

—8900 

IO.OO6 

I.0349 

967 

2 

—17.98 

—8985 

IO.OO6 

I.O35O 

967 

4 

—17.99 

—8990 

15009 

I.0539 

14.24 

3 

— 27.18 

—90.55 

I5009 

3 

— 27.21 

—90.65 

20.0I2 

I .0729 

18.65 

4 

—36.4« 

—91.14 

Ost1  and  Honig  and  Jesser1  have  expressed  the  specific  rotation  of 
fructose  as  a  linear  function  of  the  per  cent,  fructose  by  weight,  while 
Jungfleisch  and  Grimbert1  express  it  as  a  linear  function  of  the  volume 
concentration.  However  if  the  per  cent,  by  weight  is  plotted  against  the 
volume  concentration  a  curve  is  obtained  which  is  not  quite  a  straight 
line  showing  that  there  is  not  a  direct  proportionality  between  the  two. 
specific  rotation  therefore  cannot  be  a  linear  function  of  both.  When 
the  specific  rotation  was  plotted  against  both  per  cent,  and  concentration 
it  was  found  that  in  the  former  case  the  observed  points  lay  more  nearly 
on  a  straight  line  than  in  the  latter.  The  relation  between  specific  rota- 
tion and  per  cent,  fructose,  pt  is  shown  graphically  in  Fig.  1,  the  values 
for  the  specific  rotation  being  the  mean  values  given  in  Table  II.  The 
equation  of  the  straight  line  in  Fig.  1  is 

M» (88.50  +  0.145  p).  (I) 

As  it  is  often  more  convenient  to  deal  with  concentrations  by  volume  an 
equation  expressing  the  specific  rotation  as  a  function  of  the  concentra- 
tion, e,  in  g.  per  100  cc.  was  derived  by  the  method  of  least  squares,  from 
the  values  in  Table  II. 


M 


I"  = 


-(88.50  +  0.150  c  —  0.00086  C2). 


(II) 


1  Loc.  cit. 
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5  6  II  14 

PERCENT  FRUCTOSE 
-Variation  of  the  specific  rotation  of 
with  concentration. 


These  equations  ob- 
viously have  not  been 
experimentally  verified 
outside  the  limits  p  =* 
2.6  to  p  ■»  18.6  in  I, 
and  c  =  2.6  to  c  =  20  in 
II. 

Table  II  gives  a  sum- 
mary of  the  mean  values 
of  the  observed  specific 
rotations  as  given  in 
Table  I,  together  with 
values  calculated  by 
means  of  Equations  I 
and  II  for  the  same  con- 
centrations. The  equa- 
fmctose  tjons  are  s\iawn  to  give 

values  which  agree  very 


17       19 


closely  with  the  experimental  values. 

Tablb  II. 
Comparison  of  the  Observed  Specific  Rotation  with  that  Calculated  from  Equations 

I  and  II. 


Cone,  in 
.  /I00  cc. 

%  by  wt. 

Specific  rotation  at 

25° 

Observed. 

Calc.  I. 

Calc  II. 

2.632 

2.6l 

— 88.91 

—88.88 

—88.89 

5003 

4.92 

—89.15 

— 89.21 

—8923 

5265 

5.18 

—89.32 

—89.25 

—8927 

7.9OO 

7.69 

—89.62 

— 89.62 

—8963 

I0.006 

967 

— 89.89 

—8900 

—89.91 

I5009 

14.24 

— 90.60 

—9056 

—9056 

20.0I2 

18.65 

—91.14 

— 91.20 

—91.16 

Temperature  Coefficient — There  is  considerable  disagreement  also 
as  to  the  temperature  coefficient  of  the  specific  rotation  of  fructose. 
Jungfleisch  and  Grimbert1  give  0.56 °  as  the  temperature  coefficient  while 
Honig  and  Jesser1  found  0.671  °  for  a  9%  solution  and  0.692  °  for  a  23.5% 
solution.  Nelson  and  Beegle1  found  a  difference  of  6.00  in  the  specific 
rotations  at  15  °  and  25  °  and  a  difference  of  7.00  between  25  °  and  37  °. 
Assuming  a  constant  coefficient  over  this  range  their  temperature  coeffi- 
cient is  0.59  °  per  degree  centigrade,  determined  for  a  concentration  of 
5  g.  per  100  cc. 

The  temperature  coefficient  was  therefore  determined  by  means  of  the 
experiments  given  in  Table  III.  The  temperature  was  maintained  at 
the  figures  given  within  ^0.05°.  The  solutions  were  made  up  at  the 
lLoe.  cit. 
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temperatures  at  which  the  measurement  was  to  be  made  except  in  case 
of  the  measurements  at  o°,  150  and  20 °  in  which  case  the  densities  at  the 
2  temperatures  were  determined  and  the  concentration  at  the  temperature 
of  measurement  calculated.  In  all  cases  care  was  taken  to  allow  the 
solution  to  stand  at  the  temperature  of  measurement  long  enough  for 
mutarotation  to  be  completed  before  measurements  were  made. 

Table  III. 
Specific  Rotation  of  Fructose  at  Various  Temperatures. 

Specific  rotation. 

Temperature.       jr.  per.  Observed  / » «. 

6  C  100  cc.  rotation.  Observed.        Calculated.*         Difference. 

0.2  5-038  — IO.34  — IO2.63  — IO3.65  — 1.02 

15.3  5039  —955  —9476  —94-78  —0.02 

25.0  5003  — 8.92  —  89.15 

30.0  5003  —  8.62  —  86.15  —  86.25  — 0.10" 

37.1  5003  — 8.24  — 82.35  — 82.13  +0.20 

0.2  10.080  — 20.89  — 103.63  — 104.75  — 1. 12 

15.0  10.080  — 1932  —  95.83  —  95-84  +0.01 

20.0  10.028  — 18.64  —  92.94  —  92.87  +0.07 

25.0  10.006  — 17-99  — 89.90 

30.0  10.006  — 17.39  —  86.90  —  86.93  — 0.03 

37.1  10.006  — 16.57  —  82.80  —  82.73  +0.07 
*  [«£  -  Md  +  (0.566  +  0.0028  c){t  —  25). 

When  the  observed  specific  rotations  are  plotted  against  temperature 
between  15  °  and  37  °  for  both  concentrations,  as  in  Fig,  2,  two  straight 
lines  are  obtained  which  are  not  parallel,  showing  that  the  temperature 
coefficient  does  not  vary  with  temperature  over  this  range  but  that  it 
does  vary  with  concentration.  The  slope  of  the  specific  rotation-tem- 
perature line  for  a  concentration  of  5  g.  per  100  cc,  Curve  II,  is 
d[a*]i>/d<  =  0.580  and  for  a  concentration  of  10  g.  per  100  cc.,  Curve  I, 
d[aio]i>/d*  =  0-594-  Assuming  the  difference  in  slopes  to  be  proportional 
to  the  difference  in  concentrations1  the  difference  for  one  g.  difference  in 
concentration  is  l/*  (0.594-0.580)  or  0.0028  and  the  slope  for  zero  con- 
centration is 

d[ao]i)/d*  =  0.580  —  (5  X  0.0028)  *  0.566. 
Therefore  for  any  concentration 

d{a]i>/d*  =  (0.566  +  0.0028  c).     - 
Integrating, 

[<*]d  =  (0.566  +  0.0028  c)  t  +  C. 
When  *  =  250,  [a]'D  =  [a]g,  and  C  =  [a)%  —  25  (0.566  +  0.0028  c). 
Therefore        [a]'D  =  [a&5  +  (0.566  +  0.0028  c)  (t  —  25).  (Ill) 

The  values  for  the  specific  rotation  under  the  conditions  of  the  experi- 

1  This  assumption  is  sufficient  for  the  purpose  if  only  roughly  true  since  the  correc- 
tion to  the  temperature  coefficient  is  small  and  a  large  error  in  the  correction  would 
make  little  difference  in  the  result. 
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25  30 

temperature: 

Fig.  2. — Variation  of  the  specific  rotation  of 
fructose  with  temperature.  Curve  I,  concen- 
tration of  fructose,  io  g.  per  ioo  cc.  Curve 
II,  concentration  of  fructose,  5  g.  per  100  cc. 


ments  of  Table  III  were  calcu- 
lated by  means  of  this  equation 
and  are  given  in  Table  III. 
The  maximum  difference  be- 
tween observed  and  calculated, 
except  at  o.2°>is  0.2  °  or  2.4 
parts  per  thousand,  correspond- 
ing to  an  error  in  the  observed 
rotation  of  0.02  °. 

The  equation  evidently  does 
not  hold  at  0.2  °  and  conse- 
quently cannot  be  depended 
upon  much  below  15  °. 

Results  of  Other  Observers. 
— Comparison  of  the  specific 
rotation  for  a  concentration  of 
5  g.  per  100  cc.  as  given  in 
Table  II  with  the  values  given 
by  the  formulas  of  Jungfleisch 
and  Grimbert,  and  Honig  and 
Jesser,  as  given  above,  shows 
35  37  that  the  latter  values  are  2  °  to 
30  too  low,  as  Ost  has  pointed 
out.1 

The  specific  rotation  as  given 
by  the  formula  of  Ost  is  too  high 
for  concentrations  up  to  about 


10%  and  too  low  above  this  point  as  compared  with  the  results  of  this 
investigation,  as  the  following  figures  show. 

%  Fructose.  5.  10.  15.  20. 

[a]2D°Ost 92.45  93-OI  93.57  94.12 

[a  ft0  I  and  III 92. 13  92.93  93-73  94-53 

The  specific  rotation  increases  too  slowly  with  concentration  in  the 
equation  proposed  by  Ost  and  the  value  for  zero  concentration  is  too 
high  if  the  results  of  this  investigation  are  correct.  An  examination  of 
Ost's  experimental  results  shows  that  they  can  be  expressed  as  well  or 
better  by  the  equation  [a]©  =  —  (91-50  +  Q-I33  P)-  Moreover  values 
calculated  from  above  Equations  I  and  III  agree  with  Ost's  experimental 
values  up  to  the  10%  solution,  and  the  values  for  5  and  10%  given  by 
Equations  I  and  III  are  closer  to  the  experimental  values  than  those 
calculated  from  either  of  the  other  equations.  Table  IV  demonstrates 
these  facts.  The  first  3  columns  are  taken  from  Ost's  paper  and  the  last 
3  were  calculated  by  the  author. 
1  hoc.  cti. 
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Table  IV. 
Ost's  Observed  Values  for  the  Specific  Rotation  of  Fructose  Compared  with  Values 
Calculated  by  Various  Empirical  Formulas. 

Specific  rotation 


%  Fructose. 

Observed 
rotation. 

Observed. 

Calc.  A  (1). 

Calc.  B  (2). 

Calc.  C   (3). 

I.  OICO 

—     367 

—-90.64 

—92.OI 

—9163 

—9I.50 

Z.0324 

—     374 

--OO.36 

—92.0I 

—91.64 

—9I.50 

1-9949 

~     737 

—91.79 

— 92.12 

—91.77 

—9165 

2.0263 

—     749 

—91.84 

—92.13 

—91.77 

—9165 

4-9395 

—  18.56 

—92.30 

—9245 

— 92.16 

—92.12 

49575 

—  18.59 

— 92.II 

—92.45 

— 92.16 

— 92.12 

4.97IO 

—  18.64 

— 02.IO 

—9245 

— 92.16 

— 92.12 

78051 

—  29.86 

--92.90 

—9277 

—9254 

—92.57 

8.9724 

—  3450 

—92.96 

—92.90 

—92.69 

—9276 

9.8195 

—  3788 

— 92.92 

—92.99 

— 92.81 

—92.89 

IO.5198 

—  40.72 

—9300 

—93  07 

—9290 

—93.OO 

18.5161 

—  74.61 

--93  73 

—9396 

—9396 

—9428 

20.2638 

—  82.47 

—9403 

—9415 

—94.20 

—9456 

297995 

— 128.23 

—95.51 

—95.20 

—9546 

... 

30.II57 

— 129.60 

—95-39 

—9524 

—9550 

(1)  M2d°  =  -  (91.90  +  o.m/>) 

(2)  [«]2d   =  —  (9I.50  +  O.I33  P) 

(3)  Iain   =  —  (88.50  +  O.I45  P)  +  (0.566  +  O.OO28  CX20-25) 

Ling,  Eynon  and  Lane1  find  [a]™'5  =  — 93.83  when  c  »  10  for  some 
fructose  which  they  describe  as  of  high  purity.  Calculation  by  means 
of  the  above  Equations  II  and  III  gives  [a]™  s  =  — 93-77,  agreeing  with 
this  experimental  value  within  one  part  in  a  thousand. 

Specific  Rotation  Measured  with  the  Yellow-Green  Line  of  In- 
candescent Mercury  Vapor. — After  most  of  the  above  determinations 
were  completed  a  mercury  vapor  lamp  was  installed  in  this  laboratory  for 
use  in  polariscopic  measurements,  and  a  determination  was  made  of  the 
ratio  of  the  specific  rotations  for  the  unpurified  sodium  light  as  used  in  the 
measurements  above  and  the  line  X  =  546 mm  obtained  by  passing  the 
light  from  the  mercury  vapor  lamp  through  a  Wratten  No.  74  filter. 
For  this  purpose  the  rotation  of  the  solutions  used  for  the  determination  of 
the  temperature  coefficient  was  determined  by  the  use  of  mercury  light 
as  well  as  sodium  light,  the  light  source  being  changed  during  the  measure- 
ments without  changing  the  solutions  in  the  polariscope  tubes.  The 
ratio  of  the  rotation  using  mercury  light  to  that  using  sodium  light  was 
calculated  and  is  the  same  as  the  ratio  of  the  corresponding  specific  rota- 
tions. The  specific  rotation  of  fructose  with  the  line  X  =  546 mm  as  the 
light  source  can  therefore  be  calculated  from  the  above  results  by  multi- 
plying by  the  proper  factor.  The  experimental  results  and  factors  to  be 
so  used  are  given  in  Table  V.  . 

1  lying,  Eynon  and  Lane,  /.  Soc.  Chem.  Ind.,  28,  730  (1909). 
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t 

Tabu*  V. 

Determination  of  the  Ratio 

Mi-  546mm      .      „       . 
,  ,  ,          for  Fructosee. 
ittl  • 

Temperatui 

re  Cone.  in. 
g.  /100  cc. 

Observed  rotation. 

i«4 

M\  -  546 

Variation 
pp.       from 

D  line.      X 

-  546  m». 

•  C. 

r   ix 

V*H  -  546mm- 

mean. 

0.2 

5038 

—IO.34 

— 12.21 

O.8468 

1. 1809 

*»  O.OOOO 

153 

5039 

—  9  55 

11.27 

O.8474 

I.l8oi 

— O.OOO8 

25.O 

5  003 

—  8.92 

—I0.55 

O.8455 

I . 1828 

+O.OOI9 

30.O 

5003 

—  8.62 

— 10.20 

O.8451 

I. 1833 

+0.0022 

37.1 

5.OO3 

—  8.24 

—  976 

O.8443 

I. 1845 

+O.OO36 

0.2 

IO.080 

— 20.89 

—2463 

O.8482 

I. I790 

— O.OOI9 

I5  0 

IO.080 

—19.32 

—22.75 

O.8492 

I. 1775 

— O.OO25 

25.O 

IO.O06 

—1799 

— 21.27 

O.8458 

I . 1823 

+O.OOI4 

30.O 

IO.O06 

—17.39 

20.5I 

O.8479 

I. 1794 

— O.OOI5 

371 

IO.OO6 

—16.57 

—1955 

O.8476 

I. 1799 

— O.OOIO 

25.O 

150 

—27.09 

— 32.00 

O.8466 

I.l8l2 

+O.OOO3 

25.O 

20.O 

—36.34 

—42.87 

O.8477 

I . 1797 

— O.OOI2 

The  ratios  of  the  specific  rotations  using  mercury  and  sodium  lights 
respectively  seem  to  vary  with  temperature  at  a  concentration  of  5  g.  per 
100  cc.  becoming  slightly  larger  as  the  temperature  increases,  but  in  the 
case  of  10  g.  per  100  cc.  the  ratio  seems  to  be  constant  over  the  tem- 
perature range  considered.  If  the  values  at  25  °  for  the  different  con- 
centrations are  considered  a  regular  variation  with  concentration  amount- 
ing to  less  than  3  parts  per  thousand  is  noticed.  However  these  varia- 
tions are  hardly  larger  than  the  experimental  errors  and  for  most  purposes 
the  mean  value  of  the  ratio,  namely  1.1809,  or  its  reciprocal,  0.8467,  can 
be  used.  The  average  variation  from  the  mean  in  the  above  figures  is 
about  one  part  in  a  thousand  while  the  extreme  variation  is  3  parts  per 
thousand. 

Nbw  York.  N.  Y. 


[Contribution  from  the  Department  op  Chemistry,  Yale  University.] 

RESEARCHES  ON  AMINES.    VIII.1  THE  PREPARATION  OF 
AMINO-ACETANILIDE. 

By  Arthur  J.  Hill  and  Erwin  B.  Kelsev. 

Received  May  24,  1920. 

In  order  to  develop  certain  phases  of  an  extended  research  on  thio- 
cyanates  and  isothiocyanates,  now  in  progress  in  the  Sheffield  Labora- 
tory, it  became  necessary  to  obtain  representatives  of  a  series  of  amines 
of  the  general  formula  RNHCOCH2NH2,  of  which  amino-acetanilide, 
CeHsNHCOCHsNIi,  is  the  prototype.  Our  attention  was  first  turned 
to  this  latter  compound,  since  it  was  evident  that  the  principles  underly- 
ing a  successful  method  for  its  preparation  would  apply  directly  to  the 
1  Paper  VII,  /.  Ind.  Eng.  Chem.,  12,  636  (1920). 
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synthesis  of  its  homologs  or  derivatives.  A  search  revealed  that,  with 
one  exception,1  the  directions  for  its  preparation  were  given  in  the  patent 
iterature.  Majert,  in  1891,  patented2  several  processes  for  the  prepara- 
tion of  amino-acetanilide  and  derivatives  of  the  same.  These  compounds 
were  stated  by  him  to  possess  valuable  therapeutic  properties,  since  they 
were  both  antipyretic  and  analgesic  in  their  action.  Of  these,  amino- 
phenacetin,  or  "phenocoll,"  QHjO.C^NHCOCHaNH*  it  appears,  has 
found  application. 

Upon  attempting  to  utilize  these  patents,  the  writers  found  it  impossi- 
ble to  obtain  amino-acetanilide  without  considerable  modification  of  the 
directions.  This  observation  also  finds  corroboration  in  the  recent  in- 
vestigations of  Dubksky  and  Granacher,*  who  experienced  the  same  diffi- 
culty, and  were  also  compelled  to  utilize  a  modified  procedure  in  order 
to  obtain  this  base  by  the  action  of  alcoholic  ammonia  upon  chloroacet- 
anilide. 

The  methods  of  preparation,  which  are  covered  by  Majert's  patents, 
are  indicated  by  the  following  equations. 

1.4  QH*NHCOCHaCl  +  2NH,  -  CeHsNHCOCHiNH,  +  NH4CI 
In  this  process,  alcoholic  or  aqueous  ammonia  is  used  and  the  operation 
carried  on  at  ordinary  temperature,  or  in  an  autoclave,  either  at  50-60  ° 
or  at  1100. 

2.6  2C«H»NHa  +  HCl.NH2CHaCOOC2H(>  - 

CftNHiHCl  +  C«H*NHCOCH2NH2  +  CH^OH 

3.*  CJH5NH2  +  NH,CH,CONH,  -  C«H*NHCOCH*NH2  +  NH, 
Our  investigations  have  been  confined,  first,  to  a  study  of  the  action 
of  alcoholic  or  aqueous  ammonia  upon  chloro-acetanilide,  and  second, 
to  the  interaction  of  ethyl  amino-acetate  with  aniline.  The  action  of 
ammonia  upon  chloro-acetanilide  was  investigated  as  early  as  1875  by 
Tommasi,6  who  states  that  in  dil.  alcohol  ammonia  functions  as  a  metallic 
hydroxide  and  reacts  with  chloro-acetanilide  as  follows, 

CeHsNHCOCHjCl  +  NH4OH  -  C«H*NHCOCH2OH  +  NH4CI 
forming  the  phenylamide  of  glycollic  acid.    He  assigned  to  this  substance 
a  melting  point  of  65  °.    The  anilide  of  glycollic  acid  has  since  been  pre- 
pared by  Bischoff  and  Walden,7  and  others,  and  neither  the  melting  point 
1  Dubksky  and  Granacher,  Ber.,  50, 1701  (1917). 

1  D.  R.  P.,  59.121 ;  Chetn.  Zentr.,  1892,  (1)  550;  Wagner  Tech,,  37*  606  (1891);  D. 
R.  P.,  59>874;  Wagner  Tech.,  37,  608  (1891). 

•  Loc.  cit. 

4  D.  R.  P.,  59.121. 

•  Ibid.,  59,874. 

•  Bull.  soc.  Mm.,  aa,  3  (1874). 

7  Bischoff  and  Walden,  Ann.,  379,  49  (1894);  Norton  and  Tcherniak,  Bull.  soc. 
chim.,  30,  104  (1878). 
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of  their  product  (96-97  °),  nor  its  physical  properties,  agree  with  that  of 
the  compound  prepared  by  Tommasi.  Meyer1  heated  chloro-acetanilide, 
as  well  as  chloro-acetoluide,  tuider  pressure  with  an  excess  of  alcoholic 
ammonia  at  100  °.  The  product  in  each  case  was  the  secondary  and  not 
the  primary  base,  i.  e., 

2C«H5NHC0CH2C1  4-  3NH,  =  (C«H6NHCOCH2)iNH  +  2NH4CI 
2C«H4(CH,)NHC0CH,C1  +  3NH3  = 

(Oa(CH8)NHCOCH2)2NH  +  2NH4CI. 

Theoretically,  3  products  should  be  formed  by  the  action  of  alcoholic 
or  aqueous  ammonia  upon  chloro-acetanilide,  namely,  (1)  amino-acetani- 
lide,  CeHbNHCOCHjNHa;  (2)  di-(phenylamide)  of  diglycol-amidic  acid, 
(C«HftNHCOCH2)«NH;  and  (3)  tri-(phenylamide)  of  triglycol-amidic  acid, 
(C«H6NHCOCH2)8N.  Majert  states  in  the  German  patent  No.  591 2 1  that 
either  1  or  2  may  be  formed  in  this  reaction,  the  former  by  the  action  of  a 
large  excess  of  alcoholic  ammonia  upon  chloro-acetanilide,  and  the  latter, 
when  the  theoretical  amount  of  ammonia  is  employed. 

The  writers  have  investigated  this  reaction  and  have  been  able  to  ob- 
tain excellent  yields  of  amino-acetanilide  through  changes  of  conditions 
and  manipulative  procedures.  We  have  found  moreover,  that  even  under 
the  conditions  productive  of  the  maximum  yields  of  amino-acetanilide,  a 
comparatively  large  amount  of  the  secondary  base  is  formed,  together 
with  a  small  amount  of  the  tertiary  base,  a  compound  not  hitherto  de- 
scribed. 

Our  method  differs  essentially  from  that  of  Dubksky  and  Granacher's 
in  that  the  use  of  an  autoclave  is  obviated,  since  the  reaction  is  carried 
out  entirely  at  room  temperatures.  The  procedure  for  the  isolation  of 
the  pure  base  also  differs  quite  materially  in  detail,  and  is  much  simpler. 
Our  yield,  however,  is  but  slightly  better,  namely  74%,  as  compared  to 
68%.  The  various  details  of  our  process  are  described  below  in  the  ex- 
perimental part  of  the  paper. 

Experimental  Part. 
The  Preparation  of  Amino-acetanilide  from  Chloro-acetanilide  and 
Ammonia. — A  large  5-gallon  stoppered  bottle  was  used  for  this  experi- 
ment. Five  hundred  and  fifty  g.  of  chloro-acetanilide  was  added  to  1 1 
kg.  of  95%  alcohol,  previously  saturated  with  ammonia  gas  at  io°.  This 
solution  was  allowed  to  stand  at  a  temperature  of  20  °  for  5  days.  It 
was  then  evaporated  under  diminished  pressure  to  */«  of  its  original 
volume.  At  this  concentration  a  small  amount  of  material  separated 
from  the  alcohol.  This  concentrated  solution  was  poured  into  3500  cc. 
of  water,  when  an  oil  separated,  which  soon  solidified.  This  product,  the 
secondary  amine,  was  filtered,  washed  with  water  and  then  purified  as 
1  Meyer,  Ber.t  8,  1152    1875). 
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described  below.  The  aqueous  filtrate  was  evaporated  nearly  to  dry- 
ness in  order  to  decompose  the  ammonium  chloride.  The  non-volatile 
aminoacetanilide  is  sufficiently  basic  to  liberate  ammonia  from  its  salts. 
The  residual  material  was  then  dissolved  in  2  parts  of  hot  water,1  and 
the  resulting  solution  decolorized  with  the  vegetable  carbon,  "Norite." 
After  the  solution  had  been  cooled  in  an  ice  bath  it  was  saturated  with 
ammonia  gas.  In  a  short  time  amino-acetanilide  crystallized  either  in 
long  silky  needles  or  in  stout  colorless  transparent  needles,  depending  on 
the  rate  of  crystallization.  This  product  was  the  hydrated  base  containing 
2  molecules  of  water  of  crystallization.  Majert  states  in  his  patent  that 
the  hydrated  base  contains  1 . 5  molecules  of  water  of  crystallization.  Our 
observation  is  confirmed  by  Dubksky  and  Granacher.2 

Water  determination  by  drying  at  ioo°. 

Calc.  for  C«H6NHCOCH2CH,.2H,0:  H,0,  1935.     Found:  (I)  19.34.  (H)  19". 

Nitrogen  determination  (Kjeldahl  method). 

Calc.  for  CeH»NHCOCH^H,.2H,0:  N,  1505.    Found:  (I)  14.80;  (II)  14.95. 

The  hydrate  was  crystallized  from  95%  alcohol.  A  yield  of  424  g. 
was  obtained,  corresponding  to  70%.  This  hydrate  may  be  crystallized 
from  water.  It  is  a  colorless  compound,  soluble  in  water  and  alcohol, 
and  insoluble  in  benzene  or  in  ether.     It  melts  at  62  °. 

The  anhydrous  base  may  be  prepared  by  allowing  the  hydrated  base  to 
stand  over  sulfuric  acid  in  a  vacuum  desiccator  for  several  days.  It  is  a 
strongly  basic  compound  which  colors  litmus  and  will  absorb  carbon 
dioxide  from  the  air.  Hot  aqueous  solutions  displace  ammonia  from  its 
salts.  It  is  colorless  when  freshly  prepared,  but  becomes  yellow  on  long 
standing.     It  has  no  well  defined  melting  point. 

The  hydrochloride  of  the  base  is  a  colorless  compound,  soluble  in  water 
and  in  alcohol,  but  insoluble  in  ether  and  in  benzene.     It  crystallizes 
from  water  or  alcohol  in  thick  transparent  plates,  which  melt  between 
190-195  °.    The  melting  point  is  not  well  defined. 
Nitrogen  determination  (Kjeldahl  method). 

Cak.  for  CaHioONj.HCl:  N,  15.02.    Found:  14.99*  15.21. 

Secondary  Base.  The  Di-(phenylamide)  of  Diglycol-amidic  Acid, 
(CJHsNHCOCH^aNH.— The  solid  which  was  obtained  when  the  partially 
evaporated  alcoholic  liquor  was  poured  into  water,  was  easily  purified 
by  crystallization  from  95%  alcohol.  Seventy-eight  g.  of  the  di-phenyl- 
amide  of  diglycol-amidic  acid  was  obtained.  This  secondary  base  is  in- 
soluble in  water,  but  crystallizes  from  alcohol  in  colorless  needles  melting 
1  A  sHght  modification  of  this  procedure  was  also  used  successfully.  The  residue 
was  dissolved  in  warm  alcohol  instead  of  water.  The  hydrochloride  of  the  base  crystal- 
lized from  the  former  upon  cooling.  The  free  base  was  obtained  by  dissolving  the 
hydrochloride  in  2  volumes  of  water  and  then  saturating  the  solution  with  gaseous 
ammonia. 
*  lac.  cit. 
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at  141  °.  If  a  concentrated  alcoholic  solution  is  saturated  with  hydro- 
gen chloride  the  hydrochloride  is  precipitated  in  white  plates.  It 
may  be  purified  by  crystallization  from  warm  water  or  alcohol.  It  crys- 
tallizes from  the  latter  solvent  in  thin  colorless  plates  melting  at  235- 
237  °»  with  effervescence. 

Nitrogen  determination  (Kjeldahl  method). 

Calc.  for  CitHiTOtNs.HCl:  N,  13.14.    Pound:  13.10,  13.28. 

Tertiary  Base.  The  Tri-(phenylamide)  of  Triglycol-amidic  Acid, 
(CeHiNHCOCH^aN. — This  base  is  formed  in  small  quantities  only. 
In  fact,  oftentimes  it  is  not  possible  to  identify  it  in  a  run.  It  appears 
as  an  insoluble  body  when  the  crude  secondary  base  is  dissolved  in  alco- 
hol. It  is  insoluble  in  the  common  solvents,  alcohol,  ether,  benzene  and 
water,  but  crystallizes  readily  from  glacial  acetic  acid  in  small  plates  melt- 
ing at  238-239  °,  with  slight  decomposition.  A  molecular  weight  de- 
termination by  the  ebullioscopic  method,  with  glacial  acetic  acid  as  the 
solvent,  gave  a  value  of  395.  The  calculated  value  is  416. 
Nitrogen  determination  (Kjeldahl  method). 

Calc.  for  CmHmOiN*:  N,  13.46.    Found:  13.48,  13.40. 

The  results  of  2  of  our  larger  scale  experiments  are  summarized  in 
Table  I.  An  innovation  was  introduced  in  Expt.  2  in  that  the  reaction 
mixture  was  saturated  every  other  day  with  ammonia,  in  order  to  main- 
tain the  concentration  of  the  base.  Moreover,  the  initial  amount  of  the 
alcoholic  solution  was  reduced  to  13  parts  by  weight  instead  of  20.  In 
this  experiment  the  yield  was  slightly  better  than  the  first,  but,  on  the 
other  hand,  the  ratio  of  primary  to  secondary  amine  was  not  as  good. 
Subsequent  observations  have  lead  us  to  believe  that  this  occasional 
saturation  with  ammonia  is  of  doubtful  advantage  and  that,  in  general, 
the  conditions  set  forth  in  the  first  experiment  are  to  be  preferred.  So 
far  we  have  been  unable  to  obtain  a  yield  better  than  74%  of  the  theo- 
retical. 

Tabids  I. — Large  Scale  Experiments. 

Anhyd.  Ratio 

Chloro-  Alcoholic  primary  Secondary  primary  to 

acetanilide.     ammonia.       Time.         amine.  amine.  secondary 

Expt.  G.  Kg.  Days.  G.  G.  amine. 

1 550  II  5  340  78  4-4:i 

2 700  9.1  IO  463  115  4.0:1 

The  procedure  described  above  for  the  preparation  of  amino-acetanilide 
and  the  isolation  of  the  secondary  and  tertiary  bases,,  was  the  result  of  a 
series  of  experiments  carried  out  with  25  g.  units  of  chloro-acetanilide. 
It  is  hardly  necessary  to  describe  all  of  these  in  detail.  Suffice  it  to  say 
that  the  major  difficulty  was  in  evolving  an  efficient  procedure  for  the  isola- 
tion of  the  products  of  this  reaction  in  a  state  of  purity.  When  this  had 
been  accomplished,  the  factors  of  time,  concentration,  etc.,  were  easily 
established.    Some  of  the  more  important  experiments  will  be  discussed. 
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Table  II  records  the  experiments  which  were  made  in  order  to  fix  a 
suitable  time  period  of  reaction,  as  well  as  the  optimum  concentration 
of  ammonia. 

Table  II. — Tncs  Pbxiods. 
25  g.  of  Chloro-acetanilide  Used  in  Bach  Experiment. 

Yield 
Prim.  of  primary 

Alcoholic  amine  amine 

ammonia      Time      HO  salt.      Sec.  amine.         salt. 
Expt.  G.  days.  G.  G.  %. 

I 325  8  16  50  59 

* » 325  6  15  SO  54 

3 325  4  15  SO  54 

4 325  2  16  50  59 

5 325  1  17  50  63 

6 500  1  20  4.5  74 

7 625  1  19.7  4-5  73 

With  regard  to  the  time  period  it  may  be  seen  that  with  small  quanti- 
ties of  chloro-acetanilide  the  reaction  is  quite  rapid,  and  even  a  time 
period  of  one  day  is  productive  of  results  quite  comparable  with  those 
obtained  when  longer  time  periods  were  used.  Moreover,  it  should  be 
noted  that  the  yield  of  secondary  amine  is  a  constant  value.  Upon  in- 
creasing the  alcoholic  ammonia  to  500  g.  (Expt.  6)  an  11%  increase  in 
yield  was  obtained.  Beyond  this  amount  (Expt.  7),  625  g.,  the  effect 
was  negligible.  It  should  be  emphasized  at  this  point  that  in  none  of 
the  above  experiments  was  chloro-acetanilide  recovered  unchanged. 

The  utilization  of  the  best  time  period  evolved  from  the  above  experi- 
ments did  not  prove  successful  when  larger  amounts  of  chloro-acetanilide 
were  employed.  In  one  run  of  125  g.,  unchanged  material  was  recovered, 
and  the  yield  was  30%  instead  of  the  usual  74%.  As  a  result,  it  was 
found  that  a  time  period  of  5  days  was  required  to  effect  the  transforma- 
tion of  larger  quantities  of  chloro-acetanilide. 

With  regard  to  the  temperature  factor,  it  is  obvious  that  the  use  of  an 
autoclave  is  essential  in  order  to  conduct  experiments  above  room  tem- 
peratures. A  characteristic  result  is  shown  below  when  the  tempera- 
ture of  60 c  was  utilized.  Our  most  favorable  results  were  always  obtained 
at  room  temperatures.  On  the  other  hand,  in  one  experiment,  the  tem- 
perature was  reduced  to  50.  In  this  instance  a  large  amount  of  chloro- 
acetanilide  was  recovered  unchanged,  and  the  yield  of  amino-acetanilide 
fell  to  14%. 

In  his  patent  Majert  recommended  the  use  of  an  autoclave,  and  a  tem- 
perature of  60  °,  although  he  also  stated  that  the  reaction  could  be  car- 
ried out  "by  standing  for  some  time  in  the  cold,  or  by  heating  at  higher 
temperatures,  preferably  uo°." 

In  order  to  ascertain  the  efficiency  of  Majert' s  autoclave  method,  the 
following  experiments  were  carried  out. 
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i.  Fifteen  g.  of  especially  purified  chloro-acetanilide  was  heated  in  an 
autoclave  at  6o°  with  450  g.  of  strong  alcoholic  ammonia.  The  auto- 
clave was  heated  for  24  hours.  The  reaction  product  was  worked  up  in 
accordance  with  our  own  procedure  and  not  that  of  Majert's.  The  yield 
of  amino-acetanilide  was  9  g.,  or  54%. 

2.  An  experiment  carried  out  with  28%  of  aqueous  ammonia  under 
the  above  conditions  produced  a  yield  of  20%.  An  endeavor  was  made 
to  catalyze  the  reaction  by  the  use  of  copper  powder,  but  no  improve- 
ment in  yield  was  produced.  Moreover,  it  was  found  that  the  removal 
of  traces  of  copper  from  tne  reaction  product  was  attended  with  consid- 
erable difficulty. 

The  Action  of  Aniline  on  the  Hydrochloride  of  Ethyl  Amino-acetate. — 
In  tne  German  patent,  No.  59,874,  Majert  described  the  preparation  of 
amino-acetanilide  from  aniline  and  the  hydrochloride  of  ethyl  amino- 
acetate.  As  in  the  case  of  the  chloro-acetanilide  method,  no  statement 
of  yields  was  made.  One  hundred  and  thirty-three  g.  (2  moles)  of  ani- 
line and  100  g.  of  the  hydrochloride  of  ethyl  amino-acetate  were  heated 
for  6  hours  in  an  oil  bath.  The  patent  recommends  a  temperature  of 
130-1500.  In  this  run  the  initial  temperature  was  140 °,  but  this  could 
not  be  maintained  as  the  reaction  progressed,  inasmuch  as  the  boiling 
point  of  the  mixture  fell  below  1400  and,  after  6  hours  heating,  to  a  con- 
stant temperature  of  1250.  The  mixture  was  a  clear  amber  liquid  which 
solidified  upon  cooling.  Unchanged  aniline  was  then  removed  by  steam 
distillation.  The  residue  was  treated  with  weakly  acidulated  water 
(hydrochloric  acid),  filtered  and  cooled.  It  was  then  made  slightly  alka- 
line with  ammonia,  and  after  a  small  amount  of  resinous  material  had 
been  removed  by  filtration,  the  filtrate  was  treated  with  a  large  excess 
of  strong  ammonia.  According  to  Majert,  this  latter  operation  should 
have  precipitated  the  amino-acetanilide.  We  were  unable  to  confirm 
this.  Moreover,  concentration  of  the  solution  yielded  no  better  results. 
Upon  complete  evaporation  a  gummy  material  was  obtained. 

Considerable  difficulty  was  experienced  in  devising  a  suitable  procedure 
few*  the  isolation  of  amino-acetanilide  from  this  material.  Extraction 
with  absolute  alcohol  yielded  a  small  amount  of  crystalline  solid  which 
proved  to  be  the  hydrochloride  of  amino-acetanilide. 

The  above  run  was  repeated  under  similar  conditions  except  that,  after 
the  neutralization  with  ammonia,  the  solution  was  evaporated  as  near  to 
dryness  as  possible  and  allowed  to  cool  and  solidify.  This  residue,  upon 
extraction  with  alcohol,  gave  21  g.  of  the  primary  amine  hydrochloride, 
corresponding  to  a  yield  of  15%.  As  in  the  first  case,  a  considerable  amount 
of  gummy  material  interfered  with  the  isolation  of  pure  amino-acetanilide. 

A  third  modification  was  tried.  The  same  proportions  of  the  reacting 
materials  were  employed,  but  a  distinct  difference  in  procedure  was  in- 


Digitized  by 


Google 


A  NEW  METHOD  OF  SYNTHESIZING   2-THIOHYDANTOINS.  I7II 

stituted.  After  the  removal  of  the  aniline,  the  solution  was  strongly 
acidified  with  hydrochloric  acid,  and  then  evaporated  to  dryness  This 
manipulation  apparently  prevented  the  formation  of  resinous  materials, 
or  at  least  accomplished  their  solution,  for  upon  extraction  with  absolute 
alcohol,  47  g.  of  amino-acetanilide  hydrochloride  was  obtained.  We 
have  been  unable  to  better  this  yield,  which  is  approximately  35%. 

Now  Havsm,  Conn. 


[Contribution  from  the  Department  of  Chemistry,  Yale  University.] 

RESEARCHES   ON   THIOCTANATES   AND  ISOTHIOCTANATES. 

XIV.   A  NEW  METHOD  OF  SYNTHESIZING 

2-THI0HYDANT0INS. 

By  Treat  B.  Johnson,  Arthur  J.  Hill  and  Erwin  B.  Kelsey. 

Received  May  24,  1920. 

At  the  present  time  there  exists  a  difference  of  opinion  with  respect  to 
the  chemical  behavior  of  potassium  and  sodium  thiocyanates  towards 
the  anilide  derivatives  of  chloro-acetic  acid,  II.  It  is  well  known 
that   these   salts    of    thiocyanic    acid    interact   with   halides    of    this 

CICH1.COOH  Cl.CH,CONHCeH. 

I  II 

type  II|  to  give  rhodanide  or  thiocyanate  combinations  which  easily  un- 
dergo isomerization  to  cyclic  pseudo-thiohydantoins.  One  interpreta- 
tion of  the  mechanism  of  this  characteristic  change  is  based  on  the  assump- 
tion that  the  primary  reaction  involves  the  formation  of  a  normal  thio- 
cyanate, III,  which  then  undergoes  rearrangement  to  give  labile  and 
stable  pseudo-thiohydantoins  (V  and  VI).  The  other  conception  is  a 
mechanism  of  reaction  involving  the  formation  of  an  isothiocyanate  IV 
as  the  primary  product  of  reaction.  This  change  is  then  followed  by  a 
triple  rearrangement  giving  first  the  normal  thiocyanate  III  and,  finally, 
the  2  modifications  of  the  pseudo-thiohydantoin.  In  other  words,  one 
group1  of  workers  conceives  the  normal  thiocyanate  III  as  the  only  acyclic 
product  of  reaction  to  be  considered,  while  the  other  group2  views  this 
primary  change  as  a  tautomeric  one  giving  either  a  thiocyanate,  an  iso- 
thiocyanate or  a  mixture  of  these  2  isomers  in  unstable  equilibrium.  In 
some  cases  the  thiocyanate  structure  predominates,  and  in  others  the 
mustard  oil  or  iso-thiocyanate,  depending  on  the  constitution  of  the  anilide. 
The  two  interpretations  of  the  mechanism  of  reaction  may  be  expressed 
as  follows. 

1  Wheeler  and  Merriam,  This  Journal,  23,  283  (1900);  Wheeler  and  Johnson, 
Am.  Chan.  J.,  28,  121  (1902);  Johnson,  This  Journal,  25,  483  (1903);  Johnson  and 
Ticknor,  Proc.  Nat.  Acad.  Set.,  3,  303  (1917);  This  Journal,  40,  636  (1918). 

'Beckurts  and  Prerichs,  Arch.  Pharm.,  237,  286,  304  (1899);  238,  9,  329,  615 
(1900);  Grothe,  ibid.,  2581  160  (1900);  Beckurts  and  Prerichs,  ibid.,  253,233  (1915); 
Prerichs  and  Poster,  C.A.,^  2294  (1910). 
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#(A)    RNHCO.CHt.SCN- 


/  in  \ 

rnhcoch,ci^  ^ 

(B)    RNHCOCHtNCS  ^fl  RNHCOCH*SCN' 
IV  III 

CH, S  CH, S 

II  II 

COv     yC  m  NH      >      COv        /C  !  NR 

N.R  NH 

V.  VI. 

It  was  for  the  purpose  of  throwing  new  light  on  this  interesting  ques- 
tion that  we  undertook  the  work  now  discussed  in  this  paper.  We  now 
present  new  and  very  conclusive  evidence  that  these  reactions  proceed 
according  to  Scheme  A,  or  that  an  isothiocyanate  IV  is  not  a  product 
of  reaction  in  these  transformations.  We  have  obtained  no  evidence 
supporting  the  assumption  that  a  thiocyanate  corresponding  to  Formula 
III  can  undergo  rearrangement  to  its  iomeric  isothiocyanate  IV  as  ex- 
pressed in  Scheme  B. 

In  a  previous  paper  from  the  Sheffield  Laboratory  by  Johnson  and 
Hemingway,1  it  was  shown  that  the  ethyl  ester  of  iso-thiocyano-acetic 
acid,  IX,  interacts  with  ammonia  in  benzene  solution  in  a  unique  manner. 
Instead  of  combining  as  expected  to  form  the  corresponding  thio:urea 
derivative.  NH«SCNH.CH2COOC2H6,  they  interact  smoothly  to  give 
the  normal  2-thiohydantoin  XII.  In  other  words,  the  ester  grouping  is 
the  point  of  attack  by  ammonia,  giving  apparently  an  amide  of  iso-thio- 
cyano-acetic acid  X  as  an  intermediate  product,  which  immediately  con- 
denses at  low  temperature,  giving  the  2-thiohydantoin  XII.  Thus,  while 
the  2  isomeric  esters  VII  and  IX  react  with  ammonia  in  an  analogous 
manner,  the  products  of  reaction  isomerize  in  an  entirely  different  man- 
ner, giving  pseudo-  and  norma/- thiohydantoin,  respectively.2 

CH, S 

NCSCH.COOCH*         J^£  NCS.CH,CONH,    — ►        |  | 

CO  C  -  NH 

\    / 

VII  VIII  NH 

XI 

CH, NHv 

SCNCH,COOC*H*         22*         SCN.CH,CONH,      — ►      |  ">CS 

CO NH' 

IX  X  XII 

This  unique  behavior  of  ethyl  iso-thiocyano-acetate  in  the  presence  of 
ammonia  suggested  to  the  writer  that  a  substituted  amide  of  iso-thio- 

1  This  Journal,  38,  1550  (1916). 

*  Claesson,  Ber.,  10,  1349  (1877);  Miolati,  Gazz.  chim.  ital.,  [1]  23,  94  (1893); 
Johnson  and  Hemingway,  he.  tit. 
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cyano-acetic  acid  (Fonnula  IV),  if  oiice  formed,  would  behave  in  a  man- 
ner similar  to  its  prototype  X,  and  would  undergo  immediate  isomeriza- 
tion  to  a  substituted  2-thiohydantoin.  In  order  to  decide  this  point 
and,  furthermore,  to  obtain  experimental  evidence  in  favor  of  Equations 
A  or  B  represented  above,  it  only  remained,  therefore,  to  synthesize  an 
anilide  of  this  type  IV  by  a  method  which  excludes  from  consideration 
the  possible  formation  of  an  isomeric  thiocyanate  III  and  study  its 
chemical  behavior.  A  method  of  synthesis  which  permits  us  to  obtain 
isothiocyanate  combinations  of  this  type  has  now  been  worked  out  and 
applied  successfully  for  the  preparation  of  the  anilide  of  iso-thiocyano- 
acetic  acid  XVII.  The  further  application  of  this  synthesis  is  now  in 
progress  and  the  results  obtained  will  be  published  in  a  later  paper. 

The  starting  point  of  our  synthesis  is  the  anilide  of  amino-acetic  acid 
XIV,  which  can  be  obtained  easily  and  in  quantity  for  synthetical  work 
by  the  method  of  preparation  recently  described  by  Hill  and  Kdsey.1 
Interaction  of  this  anilide  XIV  with  carbon  disulfide  in  alcohol  solution 
at  ordinary  temperature  leads  to  the  formation  of  an  almost  quantita- 
tive yield  of  the  corresponding  dithio-carbamate  XIII.  This  change  is 
expressed  by  the  following  equation: 

2C|H,NH.COCH,NH,  +  CSt  -  C«H^H.COCH^H.CSSH.NH^:HiCONHC«H,. 
XIV  XIII 

The  next  stage  of  our  synthesis  is  the  treatment  of  this  salt  XIII  with 
ethyl  chloroformate  in  ether  solution  when  2  compounds  are  formed  as 
products  of  the  reaction,  namely,  the  urethane  and  the  dithio-carbamate 
corresponding  to  Formulas  XVI  and  XV,  respectively.    The  dithio- 
carbamate  is  the  chief  product  of  reaction. 
CJBr^H.COCHjNHCSSH.NH,CH^ONHC«H»   +   CICOOCiH*    - 
XIII. 
C^NHCOCHjNHCSS.COOCtH.  +  HCl.NH,CHiCONHC#H» 

CJI*NHCOCH^HCOOC»Hl  +  CS*. 
XVI 

Andreasch2  has  shown  that  dithio-carbamates  corresponding  to  Formula 
XV  decompose  on  distillation  with  formation  of  iso-thiocyanates.  John- 
son and  Ticknor8  prepared  the  dithio-carbamate  of  ethyl  amino-acetate 
and  showed  that  this  compound  undergoes  an  analogous  change  on  heat- 
ing, giving  the  corresponding  iso-thiocyanate  IX.  We  now  find  that  the 
ester  XV  breaks  down  in  a  similar  manner  on  distillation,  giving  the  de- 
sired anilide  of  iso-thiocyano-acetic  acid  XVII.  This  compound,  how- 
ever, was  not  isolated  on  account  of  its  great  instability.    Just  as  we  an- 

1  This  Journal,  42, 1704  (1920) 

1  Andreasch,  Monatsh.,  27,  1906  (1211). 

*Loc.  ciL 


Digitized  by 


Google 


1 7 14  ?•   B.   JOHNSON,   A.   J.    Ulhh  AND  E.   B.    KERSEY. 

ticipated,  it  exhibited  a  unique  behavior  and  underwent  an  immediate 
isomerization  at  the  temperature  of  formation  giving  quantitatively 
i-phenyl-2-thiohydantoin.1  We  obtained  no  evidence  of  the  formation 
of  the  labile  or  stabile  forms  of  phenyl  pseudo-thiohydantoins  V  and  VI 
(R  =  phenyl),  proving  that  the  normal  thiocyano-acetanilide  III  is 
not  formed  here  in  this  change  by  molecular  rearrangement  of  the  iso- 
thio-cyanate  XVII.  This  result  again  confirms  our  previous  conclusions 
that  the  change  R.SCN  — >  R.NCS'  is  not  a  reversible  reaction,  and 
that  a  normal  thiocyanate  is  the  primary  product  of  reaction  when  potas- 
sium thiocyanate  interacts  with  an  anilide  derivative  of  chloro-acetic 
acid.  These  fundamental  changes  are  expressed  by  the  following  equa- 
tions : 

CiHiNH.COCH^HCSS.COOCjHj    J^     C,H»NHCOCHj.NCS  +  COS  +  C5HftOH. 
XVI  XVII.     \ 

CH5N CO 

I 

cs 

I 

NH CH, 

xvni. 

The  i-phenyl-2-thiohydantoin  is  also  formed  by  distillation  of  the 
dithiocarbamic  acid  salt  XIII  with,  mercuric  chloride.  This  change  in- 
volves the  primary  formation  of  the  iso-thiocyanate  XVII  and  then  a 
molecular  rearrangement  to  the  thiohydantoin  XVIII. 

This  new  method  of  synthesizing  2-thiohydantoins  will  be  thoroughly 
investigated  in  this  laboratory  and  the  results  obtained  described  in  a 
future  publication.  We  shall  investigate  particularly  those  cases  where 
it  has  been  interpretated  that  iso-thiocyanates  are  the  products  of  reaction 
when  an  alkali  thiocyanate  interacts  with  an  anilide  derivative  of  chloro- 
acetic  acid.  For  further  information  regarding  the  details  of  our  work 
the  reader  is  referred  to  the  experimental  part  of  this  paper. 

Experimental  Part. 

Amino-acetanilide,  NHj.CH2.CONHCe.H5.— All  of  this  reagent  used 
in  the  following  research  was  prepared  according  to  the  method  recently 
described  by  Hill  and  Kelsey.2 

Interaction  of  Amino-acetanilide  with  Carbon  Disulfide.  The  Forma- 
tion of  Amino-acetanilide  Dithio-carbamate,  CeH.BNH.CO.CH.jNH.- 
CSSH.NH2CH2CONHC«Hb.— The  method  of  operation  which  led  to  the 
production  of  a  good  yield  of  this  new  salt  was  as  follows. 

Fifty-five  g.  (1.33  moles)  of  carbon  disulfide  was  slowly  added,  with 

1  Aschan,  Ber.,  17,  420  (1884);  Marckwald,  Neumark  and  Stelzner,  ibid.,  24, 
3278  (1891);  Wheeler  and  Brautlecht,  Am.  Chetn.  J.,  45,  446  (191 1). 

2  Loc.  cit. 
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frequent  agitation,  to  a  well  cooled  solution  of  175  g.  of  dry  amino-acet- 
anilide  (2  moles)  in  300  cc.  of  absolute  alcohol.  A  slightly  endothermic 
reaction  took  place.  When  approximately  */s  of  the  carbon  disulfide 
had  been  added  a  white  solid  began  to  separate  from  the  reaction  mix- 
ture, and  when  all  had  been  added,  the  solution  became  quite  solid  from 
a  mass  of  small  colorless  needles. 

After  standing  for  about  one  hour,  the  insoluble  dithio-carbamate  was 
filtered  off  and  then  triturated  very  thoroughly  with  500  cc.  of  cold  water 
in  order  to  remove  unchanged  amino-acetanilide.  Following  this  treat- 
ment, it  was  washed  successively  with  small  amounts  of  alcohol  and  ether, 
and  then  dried  at  a  temperature  of  500.  The  yield  was  200  g.  or  91%. 
When  the  reaction  is  applied  in  95%  instead  of  absolute  alcohol  the  yield 
of  carbamate  is  reduced  considerably. 

The  salt  is  rather  unstable.  When  moderately  heated,  or  even  when 
allowed  to  stand  exposed  to  the  air  for  a  few  hours,  it  turns  a  delicate 
pink  color  and  the  odor  of  hydrogen  sulfide  is  plainly  perceptible.  On 
this  account,  the  salt  was  always  freshly  prepared  for  reactions  in  which 
it  was  to  be  used. 

It  is  fairly  soluble  in  alcohol,  but  decomposes  rather  readily  in  this  sol- 
vent with  evolution  of  hydrogen  sulfide.  It  is  less  soluble  in  warm  water 
and  apparently  more  stable  in  this  solvent  than  in  alcohol.  From  water, 
it  crystallizes  in  thin  plates  of  a  light  salmon  color,  which  melt  at  1450 
with  decomposition. 

For  analysis  the  salt  was  crystallized  from  water,  washed  with  alcohol 
and  ether,  and  then  dried  at  room  temperature. 

Calc.  for  CnHioOtNA:  N,   14.89;  S,  1703.    Found:  N,   (I)   14.88;  (II)   1496; 
S,  16.84. 

Carbethoxyl  Amino-acetanilide  Dithio-carbamate,  C«HBNHCOCH2- 
NHCSS.COOCaHs. — This  interesting  anhydride  is  formed  by  the  action 
of  ethyl  chloroformate  on  amino-acetanilide  dithio-carbamate  suspended 
in  anhydrous  ether. 

Two  hundred  g.  of  the  finely  pulverized  dithio-carbamate  was  suspended 
in  one  liter  of  anhydrous  ether  and  57  g.  (one  molecule)  of  ethyl  chloro- 
formate added  rather  rapidly,  with  thorough  agitation.  No  visible  reac- 
tion occurred.  The  mixture  was  then  heated  gently  on  the  water  bath 
for  3  hours.  Dining  the  period  of  heating  it  was  found  desirable  to  agi- 
tate the  solution  frequently  in  order  to  prevent  caking.  After  standing 
in  the  cold  for  12  hours,  the  ether  solution  had  assumed  a  yellow  color 
and  the  insoluble  residue  was  more  granular  in  appearance  than  the  original 
material. 

The  suspension  was  then  filtered,  the  precipitate  was  washed  repeatedly 
with  fresh  ether,  and  the  washings  were  added  to  the  original  filtrate. 
If  the  reaction  had  proceeded  quantitatively,  the  residue  should  have 


Digitized  by  VjOOQIC 


Ijl6  T.  B.  JOHNSON,   A.   J.   HIU,  AND  K.   B.   KELSEY. 

weighed  99  g.  We  obtained  165  g.  of  a  mixture  consisting  of  amino* 
acetanilide  hydrochloride  and  unchanged  dithio-carbamate.  The  ether 
solution  was  found  to  contain  unchanged  ethyl  chlorof ormate  correspond- 
ing to  the  unaltered  dithio-carbamate. 

When  the  ether  solution  was  evaporated,  we  obtained  as  a  residue  a 
yellow  oil  which  soon  solidified  partially  to  a  mass  of  light  yellow  crys- 
tals. The  crystalline  material  weighed  60  g.,  after  it  was  dried  at  room 
temperature,  and  was  identified  as  a  mixture  of  the  dithio-anhydride  and 
the  normal  urethane  of  amino-acetanilide.  The  air-dried  product  de- 
composes at  ioo°  with  considerable  effervescence.  It  has  a  pleasant 
aromatic  odor.  'Owing  to  its  instability  in  almost  all  solvents  except 
ether,  it  is  practically  impossible  to  obtain  it  in  a  state  of  purity.  Its 
principle  impurity,  the  urethane  described  below,  can  be  removed  only 
in  part  by  trituration  with  ether. 

Several  attempts  were  made  to  improve  the  yields  in  this  reaction. 
The  best  results  were  obtained  by  using  smaller  amounts  of  the  reacting 
substances  and  increasing  the  proportion  of  ethyl  chlorof  ormate  to  1 .33 
moles.  Under  these  conditions  a  yield  of  47%  was  obtained.  A  vigorous 
mechanical  agitation  of  the  reaction  mixture  would  undoubtedly  increase 
this  yield. 

The  analyses  of  the  reaction  product  showed  results  low  for  sulfur  and 
high  for  nitrogen.  It  was  contaminated  with  small  quantities  of  the  ure- 
thane, C«H6NHCOCH»NHCOOC2H«,  which  could  not  be  removed  com- 
pletely owing  to  the  fact  that  the  instability  of  the  dithio-carbamic  ester 
rendered  it  impossible  to  utilize  a  choice  of  solvents  in  order  to  effect  the 
separation. 

Calc.  for  OiHuOsNiSf:  N,  9.4.    Calc.  for  CuHuOtNi:  N,  12.6.    Pound:  10.2, 
10.4. 

The  urethane  formed  in  this  process  is  not  a  product  of  reaction  between 
ethyl  chloroformate  and  the  hydrochloride  of  amino-acetanilide.  For 
example,  10  g.  of  the  hydrochloride  and  ethyl  chloroformate,  respectively, 
were  suspended  in  50  cc.  of  ether  and  the  solution  was  boiled  for  4  hours. 
The  resulting  precipitate  remaining  after  this  treatment  was  then  filtered 
off  and  was  identified  as  unchanged  hydrochloride.  Evaporation  of  the 
ether  left  behind  a  clear  oil  which  was  identified  as  unaltered  ethyl  chloro- 
formate. The  weight  of  the  latter  was  practically  the  same  as  that  orig- 
inally taken  (10  g.). 

Behavior  of  Carbethoxyl  Amino-acetanilide  Dithio-carbamate  on 
Distillation.    Its   Conversion    into    z  -  Phenyl  -  2  -  thiohydantoin, 

(^H*NCSNHCH8CO.— Sixty  g.  of  the  air-dried  ester  were  placed  in  a 

1  1 

distilling  flask  which  was  connected  with  a  small  ice-cooled  receiver,  and 
this  in  turn  with  a  bulb  containing  a  strong  solution  of  sodium  hydrox- 
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ide  in  50%  alcohol.  The  system  was  evacuated  to  a  pressure  of 
55  mm.  and  the  ester  heated  in  an  oil  bath  to  a  temperature  of  1200 
when  decomposition  ensued,  and  soon  became  so  brisk  that  the  vacuum 
was  practically  lost.  A  few  cc.  of  a  colorless  distillate  collected  in  the  re- 
ceiver. The  contents  of  the  flask  were  liquid  at  first  but  soon  set  to  a 
light  brown  mass.  After  the  decomposition  was  over  the  vacuum  was 
restored  and  the  heating  was  continued  for  15  minutes.  The  products 
of  the  reaction  were  investigated  as  follows: 

The  caustic  alkali  solution,  through  which  the  gases  of  decomposition 
were  passed  during  destructive  distillation  was  evaporated  nearly  to  dry- 
ness on  the  steam-bath  in  order  to  remove  the  alcohol.  The  residual 
aqueous  solution  gave  a  strong  positive  test  for  sulfur,  indicating  that 
carbon  oxysulfide  or  carbon  disulfide  had  been  evolved  during  distilla- 
tion. 

The  distillate  collected  in  the  receiver  boiled  at  80  °  under  atmospheric 
pressure.  It  gave  iodoform  with  caustic  potash  and  iodine,  and  acetal- 
dehyde  by  oxidation  with  potassium  dichromate  and  sulfuric  acid.  The 
distillate  was,  therefore,  ethyl  alcohol  and  the  total  amount  collected 
was  6  g.  or  66%. 

The  residue  in  the  flask  was  of  a  light  brown  color  and  crystal  faces 
could  be  detected  throughout  the  mass.  The  customary  tests  for  a 
mustard  oil  gave  negative  results.  A  small  portion,  however,  when  di- 
gested with  alkaline  lead  acetate,  gave  a  black  precipitate  of  lead  sulfide. 
The  entire  residue  was  warmed  with  100  cc.  of  alcohol  in  order  to  disinte- 
grate the  cake.  The  highly  colored  alcoholic  liquors  were  filtered  and 
the  residual  solid  washed  with  fresh  alcohol.  As  a  result  of  this  treat- 
ment a  yellow,  finely  crystalline  material  was  obtained.  The  total  weight 
f  the  latter  was  30  g.  It  was  sparingly  soluble  in  glacial  acetic  acid  and 
n  alcohol.  After  crystallization  from  the  latter  solvent  it  melted  at  240- 
242  °  with  slight  decomposition.  The  melting  point  was  identical  with 
that  of  i-phenyl-2-thiohydantoin.  A  mixture  of  the  2  substances  melted 
also  at  2400.  That  we  were  dealing  with  this  hydantoin  was  also  estab- 
lished by  its  behavior  towards  benzaldehyde  and  chloro-acetic  acid. 

Condensation  with  Benzaldehyde.  i-Phenyl-2-thio-4-benzalhydan- 
toin,    CsHsN.CS.NHC  :  (CHC*H6).CO.— Five   g.    of    i-phenyl-2-thiohy- 


dantoin  was  digested  in  an  oil  bath  with  3  g.  of  benzaldehyde  and  10  g. 
of  sodium  acetate  in  60  g.  of  glacial  acetic  acid.  After  being  heated  for 
2  hours  the  mixture  was  poured  into  water.  A  yellow  solid  immediately 
separated.  This  product  was  filtered  and  then  purified  by  crystalliza- 
tion from  alcohol.  The  melting  point  of  the  compound  corresponded 
to  that  of  i-phenyl-2-thio-4-benzalhydantoin  and  a  mixture  of  the  two 
melted  unchanged  at  204  V 

1  Wheeler  and  Brautlecht,  he.  cit. 
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Desulfurization  of  the  Thiohydantoin  by  Digestion  with  Cliloro- 

acetic  Acid.    i-Phenylhydantoin,  C»H«N.CO.NH.CH,.CO.— Five  g.  of 

i 1 

the  thiohydantoin  was  digested  on  the  water  bath  for  2.5  hours  with  a 
solution  of  15  g.  of  chloro-acetic  acid  in  75  ce.  of  water.  After  filtration, 
the  solution  was  evaporated  to  a  small  volume  on  the  water  bath.  After 
trituration  with  ether  to  remove  -oily  products,  a  white  solid  crystallized 
from  the  liquor.  This  was  filtered  and  then  crystallized  from  a  small 
volume  of  water.  It  crystallized  from  this  solvent  in  glistening  needles 
melting  at  1590  (corr.).1  A  mixture  of  this  substance  with  i-phenyl- 
hydantoin  melted  at  the  same  temperature. 

Carbethory  Amino-acetanilide,  CeftNHCOCHjNHCOOCiHs.— The 
alcoholic  liquors  resulting  from  the  trituration  of  the  crude  i-phenyl-2- 
thiohydantoin  (above)  were  evaporated  to  dryness.  The  residue  was 
then  redissolved  in  a  small  volume  of  alcohol  and  decolorized  with  a  little 
of  the  vegetable  carbon  "Norite."  When  this  solution  was  diluted  with 
5  volumes  of  water  and  then  cooled  a  colorless  compound  finally  crys- 
tallized from  the  solution  in  characteristic  plates  melting  at  137 . 5  °.  Seven 
g.  of  this  solid  was  obtained;  it  was  identified  as  the  urethane  derivative. 
Cafc.  for  CuHhOiNj:  N,  12.61.    Found:  (Kjeldahl)  (I),  12.78,  (II),  12.52. 

Four  g.  of  ethyl  chloroformate  was  slowly  added  to  a  suspension  of  10 
g.  of  amino-acetanilide  in  75  cc.  of  dry  ether.  A  fairly  vigorous  reaction 
ensued.  After  the  addition  of  the  ester,  the  solution  was  warmed  for  2 
hours  on  the  steam  bath.  The  precipitate  was  then  filtered  and  triturated 
with  100  cc.  of  water  in  order  to  remove  the  hydrochloride  of  amino- 
acetanilide  and  the  insoluble  material  crystallized  from  dil.  alcohol.  It 
melted  at  137.50  and  proved  to  be  identical  with  that  produced  by  de- 
structive distillation  during  the  formation  of  i-phenyl-2-thiohydantoin. 
The  urethane  is  quite  soluble  in  alcohol  and  sparingly  soluble  in  ether  and 
hot  water. 

The  Conversion  of  Carbethory  Amino-acetanilide  into  i-Phenyl- 
hydantoin,    C6H5N.CO.NH.CH2.CO.— Fischer   and   Otto2   were   unable 


to  convert  carbethoxy-glycinamide  into  hydantoin  either  by  application 

of  heat  or  by  treatment  with  acid  or  alkali.    In  fact  they    were  led  to 

suggest  this  reaction  as  a  means  of  differentiation  between  this  type  of 

urethane  and  the  isomeric  hydantoic  esters. 

NH, CO  NH CO  NH,        COOCiH, 

I  I 

— ►QHgOH  -f     CO  < —      CO 

I         I  ! 

CH.OOC.NH— CH,  NH CH,  NH — 

1  Mouneyrat,  Ber.,  33,  2394  (1900). 
1  Ibid.,  36,  2109  (1903). 
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Later,  however,  Koenig  and  Mylo1  were  successful  in  accomplishing 
this  transformation  by  means  of  a  dil.  solution  of  sodium  hydroxide,  fol- 
lowed by  treatment  with  dil.  hydrochloric  acid.  Their  yield,  however, 
was  very  poor. 

In  the  light  of  the  above  work  it  seemed  of  interest  to  determine  whether 
the  introduction  of  the  phenyl  group,  as  in  the  case  of  carbethoxy-amino- 
acetanilide  would  affect  the  reactivity  of  the  adjacent  hydrogen  atom. 
Five  g.  of  the  urethane  was  added  to  a  warm  solution  of  2  g.  of  potassium 
hydroxide  in  50  cc.  of  alcohol,  and  the  mixture  was  allowed  to  stand  for 
18  hours.  The  solution  was  then  made  strongly  acid  with  alcoholic  hydro- 
chloric acid.  After  filtration  of  the  precipitated  potassium  chloride,  the 
filtrate  was  evaporated  to  a  small  volume  on  the  steam-bath.  A  colorless 
solid  was  precipitated  by  the  addition  of  2  volumes  of  ether.  This  ma- 
terial was  filtered  off  and  purified  by  crystallization  from  hot  water,  when 
it  was  obtained  in  the  form  of  colorless  needles  melting  at  159  °.  It  proved 
to  be  identical  with  i-phenylhydantoin  and  melted  at  an  unchanged 
temperature  when  mixed  with  a  known  sample  of  this  compound.  The 
yield  was  50%.  Koenig  and  Milo  obtained  a  10%  yield  in  the  transforma- 
tion of  carbethoxy-glycinamide  into  hydantoin.  We  were  unable  to  ac- 
complish this  change  either  by  heat  or  through  the  agency  of  either  aqueous 
or  alcoholic  hydrochloric  acid.  In  the  first  case  no  reaction  occurred 
until  the  product  had  been  heated  to  a  temperature  of  2600.  At  this 
temperature  decomposition  took  place  and  a  resin  was  formed.  Two 
hours  heating  with  alcoholic  hydrochloric  acid  resulted  in  the  decomposi- 
tion of  our  urethane  into  amino-acetanilide.  On  the  other  hand,  evapora- 
tion with  aqueous  hydrochloric  acid  had  no  effect  and  the  hydrochloric 
acid  salt  of  the  urethane  was  recovered.  The  latter  was  transformed 
into  the  urethane  by  treatment  with  sodium  hydrogen  carbonate. 

The  Action  of  Mercuric  Chloride  on  Amino-acetanilide  Dithio-car- 
bamate,  CeHeNHCOCHjNH.CSSH.NHjCHjCONHCeH^.— This  salt  un- 
dergoes a  normal  transformation  when  digested  with  mercuric  chloride 
and  is  converted  into  the  mustard  oil  C«H5NH.COCH,.NCS.  Since  the 
latter  is  unstable,  it  condenses  to  give  the  corresponding  thiohydantoin. 

Thirty  g.  of  the  dithio-carbamate  was  added  to  a  solution  of  10  g.  of 
mercuric  chloride  in  150  cc.  of  water.  A  little  less  than  one  molecular 
proportion  of  mercuric  chloride  was  employed  in  order  to  avoid  desul- 
furization  of  the  hydantoin.  A  white  precipitate  of  the  mercury  salt 
soon  separated,  but  this  became  black  when  it  was  gently  warmed;  at 
the  same  time  hydrogen  sulfide  was  evolved.  Gentle  heat  was  applied 
until  the  evolution  of  hydrogen  sulfide  had  ceased.  When  the  reaction 
was  over,  the  precipitate  was  filtered  and  extracted  repeatedly  with  hot 
alcohol.  When  the  alcoholic  solution  was  cooled,  i-phenyl-2-thiohydan- 
1  Ber.,  4i»  443*  (1908). 
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toin  crystallized  in  characteristic  prisms  which  melted  at  240 °.  This 
melted  unchanged  with  a  known  sample  of  i-phenyl-2-thiohydantoin. 
The  yield  was  7  g.,  corresponding  to  46%.  It  is  a  very  significant  fact 
that  hydrogen  sulfide  was  evolved  freely  in  this  decomposition.  Accord- 
ing to  Anschutz1  the  hydrogen  sulfide  evolved  in  such  reactions  is  de- 
stroyed at  once  by  interaction  with  the  mustard  oil  to  give  a  thio-urea 
combination.    This  change  is  expressed  as  follows, 

2R.NCS  +  H2S  =  CS2  +  CS(NHR),. 
In  our  experiment  we  obtained  no  evidence  of  the  formation  of  the  thio- 
urea derivative  of  amino-acetanilide.    Apparently  the  mustard  oil  de- 
rivative immediately  after  formation  is  converted  into  the  thiohydan- 
toin.    XVIII 

2C«HftNHCOCHsNCS  +  H,S  -  CS*  +  CSCNHCftCONHCeH*),. 

i-Phenyl-2-benzylmercapto-4-benzalhydantoin, 
C^N CO 


CHaCHjSC 


.  —  Five    g.    of    2-thio-4-benzalhydantoin    was 


N C  :  CHCeH5 

dissolved  in  a  solution  of  sodium  ethylate,  prepared  by  dissolving  0.6  g. 
of  sodium  in  30  cc.  of  absolute  alcohol.  Then  5  g.  of  benzyl  chloride  was 
added  slowly  to  the  alkaline  solution  of  the  thiohydantoin.  There  was 
an  immediate  reaction  and  the  solution  became  solid.  After  standing 
for  2  hours,  the  precipitate  was  filtered  and  then  triturated  with  hot  alco- 
hol in  order  to  separate  the  benzyl  derivative  from  sodium  chloride. 
This  was  then  purified  by  crystallization  from  boiling  alcohol  and  separa- 
ted in  the  form  of  yellow  needles  melting  at  1780. 

Calc.  for  CmHisONjS:  N,  7.57.    Found:  (Kjeldahl),  7.46,  7.74. 
Nkw  Haven,  Conn. 


[Contribution  prom  the  Chbmicai,  Laboratory  o*  thb:  University  ov  Ilunois.] 

HETEROCYCLIC  COMPOUNDS  OF  iV-ARYLAMINO  ALCOHOLS. 

By  R.  K.  Rindpusz  and  V.  L.  Harnack. 

Receiyed  May  28.  1920. 

A  simple  method  has  recently  been  published1  for  the  preparation  of 
chromanes  and  coumaranes  according  to  the  following  reaction 

O 

CeH*.O.CH,.CH,.CHaOH  — ►!  I        +  H,0 


Anschutz,  Ann.,  371,  211  (1909). 

*  This  Journal,  41,  665  (iqiq);  42,  157  (1920). 
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+  H,0 
CgH».O.CH,.CH,OH 


/YV 


V 


' CH, 


The  hydroxy  ethers  are  easily  prepared  by  treating  phenol  or  its  homo- 
logies either  with  trimethylene  chlorohydrine  or  with  ethylene  chloro- 
hydrine. They  are  dehydrated  by  treatment  either  with  zinc  chloride  or 
with  phosphorus  pentoxide;  the  latter  gives  the  better  results.  The 
present  investigation  was  undertaken  to  see  whether  similar  reactions 
could  be  applied  to  the  preparation  of  analogous  ring  compounds  of  nitro- 
gen. 

The  starting  point  in  each  case  is  aniline;  but  there  is  no  reason  for  as- 
suming that  substituted  anilines,  phenylene  diamines,  naphthyl  amines 
and  similar  compounds  could  not  be  used,  although  the  products  would 
be  somewhat  more  complex. 

When  aniline  is  treated  either  with  trimethylene  chlorohydrine  or  with 
ethylene  chlorohydrine  in  the  presence  of  sodium  carbonate,  2  products 
are  formed;  one  in  which  a  single  hydrogen  of  the  amine  group  is  substi- 
tuted and  the  other  in  which  both  are  replaced. 
CfH§NHa    ci.ch,.ch,ch,oh  CeHsNH.CHj.CHj.CHjOH  + 

C«H*N  :  (CH,.CHi.CHtOH)» 
CJfrNH»  gjgfrfggg  QHsNILCHaCHsOH  +•  C«H»N  :  (CH,.CIW)H), 

These  compounds  in  each  case  have  widely  differing  boiling  points  and 
are  easily  separated  and  purified.  * 

The  products  of  dehydration  of  the  first  2  compounds  above  are  the 
simple  rings  one  would  expect  from  the  analogous  work  in  the  chromane 
syntheses.  Hydroxypropyl  aniline  gives  the  well  known  compound, 
tetrahydroquinoline 

C    H» 

CtHiNH.CH,.CH,.CHa6H 


IAA 


NH 

Dehydration  of  di-7-hydroxy-propyl-aniline,  however,  offers  a  number 
of  possible  products  as  follows 
N :  (CH*CH  «  CH,),  N  —  CH„.CH :  CH,  N  —  CH,.CH,.CH,OH 


a). 
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CH,  CH  /CH,—  CH:CH, 


HsC  —  /\-CH,  /\ 

(IV).  (V). 

HO(CHj),  —  N  —  (CH,),  —  O  —  (CH,),  —  N  —  (CH,),OH 

I 


(VI). 

Of  these,  III,  V,  and  VI  are  eliminated  by  analysis  since  each  of  these 
formulas  shows  the  loss  of  but  one  molecule  of  water.  Formula  I  repre- 
sents a  known  compound,  but  its  constants  do  not  agree  with  the  product 
formed.'  A  substance  corresponding  to  Formula  II  was  prepared  by 
treating  tetrahydroquiniline  with  allyl  bromide  and  found  to  be  a  differ- 
ent substance.  By  elimination,  IV  alone  is  left.  This  represents  juloli- 
dine,  previously  prepared  by  G.  Pinkus1  and  J.  von  Braun2  and  the  phys- 
ical constants  agree  with  those  given. 

In  the  case  of  the  oxygen  compounds  referred  to  above,  the  dehydra- 
tion  of   0-hydroxy-ethylphenyl  ether,    QHe— O— CH*— CHjOH,   forms 

coumarane,  CeH6-0 — CH2 — CH*  in  a  manner  exactly  analogous  to  the 

1 1 

preparation  #of  the  6-membered  ring  compound  chromane, 

Q&-O-CH2— CH*— CH,. 

1 1 

However,  with  the  nitrogen  compounds,  this  is  not  the  case.  0-Hydroxy- 
ethyl-aniline  would  be  expected  to  yield  dihydro-indol,  a  liquid  boiling 
at  2200. 

,/y-cH, 

COW^H.CH,.CH,OH  — >  J       +  H,0 

N/N/011' 

NH 

In  the  laboratory  a  very  small  amount  of  liquid  did  distill  over,  begin- 
ning at  this  temperature,  but  it  was  not  enough  to  purify.  The  chief 
product  of  the  reaction  is  a  white  crystalline  solid  melting  at  160-162  °. 
This  is  undoubtedly  diphenyl  piperazine  for  which  melting  points  rang- 
ing from  i57°toi64.5°  have  been  reported.8  It  is  formed  by  dehydra- 
tion between  2  molecules.    Thus 

1  Ber.,  25,  2801  (1892). 
*Ibid.,  51,  1215  (1918). 
*  Jahresb.  Chem.,  1858,  352;  1859,  388. 
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>N  —  C^H.  +  HtO. 
w*,  —  ch/ 

Again,  the  treatment  of  di-/3-hydroxy-ethyl-aniline  results  in  the  forma- 
tion of  a  6-membered  ring,  this  time  by  dehydration  within  the  mole- 
cule. 

—  CHjv 

>0  +  H,0 

This  represents  phenyl  morpholin  and  is  identified;  first,  by  analysis, 
since  the  formation  of  the  5-membered  ring  compound  by  dehydration 
into  the  benzene  ring  would  yield 

H,C  —  N  —  CH, 


■^ 


— CH, 


with  the  elimination  of  2  molecules  of  water;  second,  phenyl  morpholine 
has  been  prepared  by  Knorr,1  who  observed  a  boiling  point  "around 
2700"  and  a  melting  point  of  53  °.  The  product  here  found  boiled  at 
1 65  °  to  1700  under  45  mm.  pressure  and  melted  at  52  °. 

Thus,  it  is  evident  that  these  nitrogen  compounds,  unlike  the  analogous 
oxygen  rings,  show  a  marked  preference  for  the  formation  of  6-mem- 
bered rings  rather  than  those  of  5  atoms. 

Experimental  Part. 
Preparation  of  7-hydroxy-propyl-aniline,  C6HB.NH.CHs.CH2.CH2OH. 
— A  mixture  of  120  g.  of. aniline,  125  g.  of  trimethylene  chlorohydrine 
and  125  g.  of  anhydrous  sodium  carbonate  was  refluxed  for  3  or  4  hours. 
After  filtering  and  washing  tl^e  residue  with  ether,  the  liquid  was  distilled. 
The  first  reaction  consisted  of  unchanged  aniline;  the  desired  product 
boiled  at  192  °  under  30  mm.  pressure.  It  is  a  viscous,  lemon-colored 
liquid  which  turned  red  on  standing.  Yield,  92  g.  or  67.5%.  [w]*°  1.502; 
d»,  1.063. 

Subs.,  0.1660:  COf,  263.4  cc.  (25 °,  744  mm.).    Blank  0.0034  8-  C. 

Calc  for  CtHuON:  C,  71.5.    Found:  71.8. 

Preparation  of  Di-7-hydroxy-propyl  aniline,  C6H6N  =  (CH2CHjCH2- 
OH)j. — A  third  fraction  from  the   above  distillation  boiled  at  241-2  ° 
under  25  mm.  pressure.    When  first  distilled,  it  was  colorless  but  it  turned 
red  on  standing.    Yield,  45  g.  or  25.3%.     [n]u,  1.565;  (fee,  1.097. 
Subs.,  0.2308:  COt,  345.3  cc.  (24.1  °,  745.1  mm.).    Blank  0.0034  g.  C. 
Cak.  for  CuHi,0*N:  C,  68.9.    Pound:  68.6. 

Tetrahydro  Qirinoline. — A  solution  of  90  g.   of  7-hydroxy-propyl- 
aniline  in  125  cc.  xylene  was  refluxed  with  40  g.  of  phosphorus  pentoxide 
1  Ber.,  aa,  2094  (1889). 
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for  about  an  hour.  This  caused  the  entire  mixture  to  become  liquid.  At 
this  stage  it  was  washed  with  sodium  hydroxide  and  with  water,  dried  and 
distilled.  A  yield  of  17  to  18  g.,  about  22%,  was  obtained  as  a  pale  yel- 
low liquid  which  boiled  between  205  °  and  2100  at  75  mm.  pressure.  [n]u, 
1.569;  d*4i  1. 05 1.  The  constants  in  the  literature  are,  b.  p.,  251  °,  d»  1.057. 
Julolidine. — To  22  g.  of  di-7-hydroxy-propylaniline  dissolved  in 
hot  xylene,  30  g.  of  phosphorus  pentoxide  was  added.  After  this  mixture 
had  been  warmed  for  a  short  time,  vigorous  action  commenced  and  con- 
tinued for  several  minutes  without  further  application  of  heat.  The  mix- 
ture was  heated  under  a  reflux  condenser  for  about  3  hours,  which  caused 
the  pentoxide  to  become  a  viscous  layer  so  that  the  xylene  could  be  de- 
canted easily.  The  residue  was  washed  with  ether  and  added  to  the  xylene 
solution  which  was  distilled.  Yield,  2  g.  or  11%.  B.  p.  1 70-1 73 °  at 
31  mm.  [tt]i5,  1.568;  d2o,  1.003.  The  boiling  point  given  by  von  Braun1 
is  155-60  at  17  mm. 

Subs.,  0.2673:  CO2,  496.4  cc.  (30.30,  740.3  mm.). 
Calc.  for  CuHuN:  C,  83.2.    Found:  83.3- 

CH, 

iV-AUyl-tetrahydro-quinoline,    •  |  . — Six   g.    of   tetra- 

\/\/CKi 

N CH8 

hydro-quinoline  and  the  theoretical  amount  of  allyl  bromide  were  re- 
fluxed  for  3  hours  in  the  presence  of  anhydrous  sodium  carbonate. 

The  sodium  bromide  and  excess  sodium  carbonate  were  separated  and 
washed  with  ether.  The  filtrate  and  wash  ether  were  then  distilled. 
Yield,  4  g.    B.  p.  1350  at  25  mm.     [n]24,  1.556;  d^  1.024. 

CH, 

iV-7-Hydrory-propyl-tetrahydro-quinoline, 


*'U\A 


N  — CH,.CH,.CH,OH 
Twenty-four  g.  of  tetrahydro-quinoline  was  refluxed  for  about  3  hours 
with  17  g.  of  trimethylene  chlorohydrine  and  an  excess  of  anhydrous 
sodium  carbonate.  The  mixture  was  then  taken  up  in  ether  and  dis- 
tilled. This  yielded  27  g.  of  a  thick,  viscous,  yellow  liquid,  which  turned 
red  on  standing.    B.  p.  227-90  at  18  mm.     [n]*\  1.561;  d27,  1.091. 

Subs.,  0.1571:  COt,  263.8  cc.  (26.60,  743.3  mm.).    Blank  0.0034  £•  C. 
Calc  for  CuHnON:  C,  75.4.    Found:  75.2. 

Julolidine  from  N-7-Hydroxy-propyl-tetrahydro-quinoline. — Julolidine 
may  be  prepared  by  the  dehydration  of  the  7-hydroxy-propyl-tetrahydro- 
quinoline  just  described,  but  in  the  one  run  made,  the  yield  was  very 
1  Ber.,  51,  1215  (1918). 
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small.  The  dehydration  was  carried  out  in  xylene  as  described  above 
and  evidently  proceeds  with  difficulty  since  3  hours'  action  on  27  g.  of 
the  hydroxy  compound  gave  less  than  a  gram  of  julolidine  with  a  boiling 
point  and  refractive  index  the  same  as  that  given  above. 

/3-Hydroxy-ethylanfflne,  C6HftNH.CHs.CHt.OH,  and  Di-0-hydroxy- 
ethylanilinc,  C«H«N:(CHj.CHt.OH)j.— These  compounds  were  pre- 
pared from  aniline  and  ethylene  chlorohydrine  in  a  manner  exactly  analo- 
gous to  that  used  for  the  7-hydroxy-propyl  derivatives  described  above. 
The  constants  observed  for  the  first  compound  were  b.  p.  1880,  at  30 
mm.;  [*]"   1-57^;  da*  1.101;  and  for  the  second,  b.  p.  2280  at  15  mm.; 

m-  P-  535-54°- 

/CH,  —  CH,\ 
Diphenyl-piperazine,    C§Hi.N<  >N.C«H*.— To   65  g.  of 

^CH2  —  Cn.2 
/3-hydroxy-ethylaniline  dissolved  in  xylene,  a  total  of  25  g.  of  phosphorus 
pentoxide  was  added  in  3  portions.  After  refluxing  this  mixture  for  an 
hour,  the  xylene  layer  was  decanted  and  distilled.  A  small  amount  of 
a  liquid,  presumably  dihydro-indol,  came  over  between  220  and  2700. 
The  remainder  distilled  around  245  °  at  30  mm.  and  crystallized  as  a  white 
solid.  After  purification  by  solution  in  alcohol  and  precipitation  with 
water  several  times,  it  melted  at  160-162  °.    Yield,  5  g. 

/CH2  —  CH,v 
Phenyl-morpholin,    C6H»N<.  >0.— When     di-0-hydroxy- 

^CH*  —  CHj^ 

ethylaniline  was  dehydrated  with  an  amount  of  phosphorus  pentoxide 
calculated  to  remove  2  molecules  of  water,  most  of  the  mixture  carbon- 
izes. However,  when  less  pentoxide  was  used — 30  g.  in  2  portions  to  50 
g.  of  the  aniline  derivative  in  xylene — no  carbonization  took  place.  A 
water-clear  liquid  distilled  between  165  and  1700  at  45  mm.;  this  liquid 
turned  red  on  standing  and  crystallized  slowly.  After  recrystallization 
from  alcohol,  it  melted  at  52  °. 

Subs.,  0.1500:  CO*,  247.2  cc.  (26.9 °»  743.3  mm.).    Blank  0.0034  £•  C. 
Calc.  for  CtoHuON:  C,  73.6.    Found:  73.5. 

Summary. 

1.  Cyclic  nitrogen  compounds  may  be  formed  by  the  dehydration  of 
N-arylamino  alcohols. 

2.  Where  6-membered  rings  may  be  so  formed,  the  dehydration  takes 
place  in  such  a  way  as  to  close  a  side  ring  adjacent  to  the  benzene  nucleus. 

3.  Where  a  5-membered  ring  would  be  formed  as  a  side  ring  annealed 
to  the  benzene  nucleus,  a  6-membered  ring  outside  is  usually  formed. 
This  is  unlike  the  behavior  of  analogous  oxygen  compounds. 

4.  The  reaction  on  nitrogen  compounds  has  not  been  carried  out  in 
enough  cases  to  show  that  these  inferences  are  general. 

U9BAHA,   In,. 
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FAT  ASSOCIATED  WITH  STARCH. 

By  T.  C.  Taylor  and  J.  M.  Nelson. 

Received  June  15,  1920. 

It  is  well  known  that  the  starches  as  they  are  obtained  ordinarily  from 
the  plants  have  a  certain  amount  of  fat  associated  with  them.  It  has 
been  assumed  generally  that  this  fat  can  be  removed  by  solvents,  and 
that  its  presence  is  a  contamination  of  the  starch  with  other  constituents 
which  occur  intimately  associated  with  the  starch  in  the  plant. 

In  the  manufacture  of  glucose  commercially  from  corn  starch  an 
insoluble  product  known  as  "refinery  mud"  occurs  in  the  sugar  liquor 
after  the  hydrolysis,  and  is  separated  by  filtration.  This  refinery  mud  as 
recovered  contains  about  50%  of  fat,  chiefly  the  higher  fatty  acids,  and 
after  washing  and  other  treatment  is  sold  as  soap  stock. 

Considering  the  process  employed  in  the  commercial  hydrolysis  of 
starch  it  is  improbable  that  the  source  of  this  fatty  material  can  be  at- 
tributed to  extraneous  matter  accompanying  the  starch  from  the  kernel, 
since  its  presence  is  observed  only  during  or  after  the  destruction  of  the 
starch  by  hydrolysis.  The  occurrence  of  free  fatty  acids  during  the 
hydrolysis  and  disruption  of  the  complex  starch  molecule  leads  to  the 
interesting  question  of  whether  the  fatty  material  constitutes  an  inherent 
part  of  the  starch  itself. 

The  present  article  is  an  account  of  an  attempt  to  answer  this  question, 
and  the  results  obtained  lead  to  the  following  conclusions. 

I.  The  major  part  of  the  fatty  material  present  in  starch  cannot  be 
removed  by  solvents  before  hydrolysis. 

II.  Hydrolysis  of  corn  starch  freed  of  extraneous  fat  liberates  fatty 
acids. 

III.  The  liberated  fat  is  principally  palmitic  acid,  but  an  unsaturated 
substance  of  unknown  structure  also  occurs  with  it. 

IV.  The  fat  is  liberated  when  hydrolysis  has  reached  the  erythrodextrin 
stage. 

V.  It  is  possible  to  obtain  from  starch  residues  containing  relatively 
large  amounts  of  fat  combined  with  carbohydrate. 

VI.  The  palmitic  acid  apparently  is  attached  indirectly  to  the  carbo- 
hydrate, but  directly  to  the  unsaturated  component. 

VII.  Starches  from  other  sources  than  corn  also  contain  combined  fat. 

I.  Extraneous  Fat  Accompanying  the  Starch. 

The  corn  starch  used  was  the  best  alkali-washed  product  available 
in  the  open  market.  A  82.26  g.  sample  of  this  material  was  extracted, 
first  with  ether,  then  with  petroleum  ether  and  finally  with  carbon  tetra- 
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chloride.  The  duration  of  the  extraction  in  each  case  was  36  hours. 
The  amount  of  soluble  matter,  chiefly  fat,  obtained  by  means  of  each 
successive  solvent  was 

Solvent.  %. 

Ether  (dry) 0.057 

Petroleum  ether 0.012 

Carbon  tetrachloride 0.046 

Total 0.115 

Further  extraction  gave  no  weighable  residues  upon  evaporation  of  the 
solvent. 

The  residues,  obtained  by  evaporation  of  the  solutions  from  the  first 
extractions  and  the  weights  of  which  are  given  in  the  table  above,  were 
yellow  and  gummy.  Upon  solution  in  alcohol  and  titration  with  alkali, 
the  combined  residues  gave  an  acid  value1  of  95.1.  A  comparison  of  this 
acid  number  with  186.0,  that  of  the  fat  described  under  II,  indicates  the 
presence  of  considerable  foreign  matter,  probably  nitrogeneous  in  character. 

Purification  of  the  Corn  Starch. — Since  starch  is  separated  me- 
chanically from  the  other  substances  which  occur  with  it  in  the  plant,2 
the  separation  is  never  complete,  even  after  repeated  treatments.  For 
this  reason,  it  is  necessary  to  resort  to  other  methods  of  removing  the 
remaining  impurities,3  chiefly  nitrogeneous.  The  presence  of  the  latter 
is  indicated  both  by  the  nitrogen  content  0.06%  (Kjeldahl  method),  and 
the  presence  of  dark  yellow  particles  when  the  starch,  stained  with  iodine, 
is  examined  under  the  microscope. 

Removal  of  the  Nitrogenous  Material  and  Extraneous  Fat. — About 
500  g.  of  dry  powdered  corn  starch  was  placed  in  a  3-liter  round-bottom 
flask  provided  with  a  reflux  condenser,  then  enough  95%  alcohol  added 
to  make  a  thick  paste  and  finally  500  cc.  of  90%  alcohol  containing  0.23 
g.  of  hydrogen  chloride  per  cc.  After  refluxing  on  the  water  bath  for 
%U  hour  with  continuous  agitation,  the  contents  of  the  flask  was  filtered 
through  a  Biichner  funnel  and  the  residue  washed,  first  with  hot  95% 
alcohol  and  finally  with  several  portions  of  ether. 

The  purified  starch  obtained  in  this  way  was  clean  and  white.  When 
stained  with  iodine,  it  showed  under  the  microscope  no  indications  of 
protein,  and  the  granules  appeared  to  be  still  intact,  although  slightly 
enlarged,  with  evidence  of  incipient  rupture  at  the  hilum.  That  no 
profound  change  in  the  starch  had  occurred  was  shown  also  by  the  fact 
that  when  a  sample  of  this  starch,  treated  with  alkali  to  neutralize  the 
hydrochloric  acid  which  still  adhered,  was  gelatinized  by  stirring  into 
1  Mg.  of  potassium  hydroxide  neutralized  by  one  g.  of  the  fat. 

*  Commercial  method,  T.  B.  Wagner,  J.  Soc.  Chem.  Ind.,  38,  343  (1909). 

*  Composition  of  corn  kernel,  This  Journal,  25,  1166  (1903);  and  Porst,  Eighth 
Inter,  Cong.  App.  Chem.,  xa,  205. 
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boiling  water  it  gave  a  "thick  boiling"  paste  which  is  characteristic  of 
unchanged  or  "raw"  starch.  The  amount  of  hydrochloric  add  adhering 
was  determined  by  drying  the  purified  starch  at  40  °  and  then  suspending 
in  water  and  titrating  with  standard  alkali,  and  was  found  to  be  0.52%. 
By  means  of  Kjeldahl  determinations,  the  nitrogen  content  was  found 
to  have  been  decreased  in  the  process  of  purification  from  0.06  to  0.02%. 

When  the  purified  starch  was  stained  with  iodine  and  examined  under  the 
microscope  a  stratified  structure  of  alternating  dark  blue  and  transparent 
concentric  rings,  was  observed.  This  is  in  accord  with  previous  observa- 
tions of  Duclaux1  and  others  and  indicates  a  layer  structure  of  the  starch 
granules,  which  might  be  of  importance  in  connection  with  the  question 
of  the  presence  of  2  kinds  of  starch  material  in  the  granules,  as  held  by 
Baker  and  Sherman  and  others.2 

The  starch  purified  by  the  latter  method  contains  no  extraneous  fat. 
Eighty  g.  of  dried  starch  was  extracted  in  a  Soxhlet  for  40  hours  with  dry 
ether.  Upon  evaporation  of  the  ether  extract  no  weighable  residue  re- 
mained, showing  the  starch  to  be  free  from  extraneous  fat. 

In  order  to  make  sure  that  no  free  fat  was  adsorbed  so  firmly  to  the 
starch  that  it  could  not  be  removed  by  the  above  method  of  extraction 
the  following  procedure  was  employed. 

An  ether  solution  of  fat,  previously  obtained  from  hydrolyzed  starch, 
was  thoroughly  mixed  with  finely  powdered  purified  starch  and  this 
mixture,  containing  the  starch  in  suspension,  evaporated,  then  heated 
on  the  water  bath  with  stirring.  This  fat-impregnated  starch  was  then 
extracted  for  10  hours  in  a  Soxhlet  with  absolute  ether  and  the  amount 
of  fat  determined. 

Sample,  20.0  G. 

Fat  added.  Fat  recovered. 

G.  O. 

I O.4566  O.45OI 

3 O.4035  0.4057 

3 0.1400         0.1465 

In  Numbers  1  and  2  the  fat  added  was  much  in  excess  of  total  fat 
usually  found,  while  in  3  the  amount  was  comparable  with  the  usual  fat 
content  of  the  original  starch. 

On  hydrolysis  of  these  starch  samples  with  aqueous  hydrochloric  acid, 
after  the  added  fat  had  been  removed  by  extraction,  the  usual  amount  of 
fatty  material  was  recovered,  as  in  II. 

n.  Liberation  of  Fatty  Acids. 
When  the  starch  freed  from  extraneous  fat  as  described  in  I  is  hy- 
drolyzed, fat  is  liberated,  exceeding  in  amount  the  extraneous  fat  ex- 
tracted from  the  original  starch. 

1  Duclaux,  Ann.  Inst.  Pasteur,  9,  836  (1895). 
1  This  Journal,  38, 1885  (19x6). 


digitized  by  VjOOQIC 


FAT  ASSOCIATED  WITH  STARCH.  1 729 

Fat  by  Hydrolysis. — One  hundred  cc.  of  cone,  hydrochloric  acid  was 
added  to  200  cc.  of  boiling  water,  and  immediately  upon  addition  of  the 
acid  a  starch  suspension  of  25  g.  of  starch  in  100  cc.  of  water,  was  poured 
slowly  into  the  boiling  acid  solution  with  continuous  stirring  and  heating. 
The  mixture  soon  liquefied  and  the  starch  was  hydrolyzed  with  the  libera- 
tion of  an  insoluble,  flocculent  material.  The  heating  was  discontinued 
when  a  drop  of  the  liquid  no  longer  showed  color  with  iodine,  and  the 
mixture  was  allowed  to  cool.  It  was  then  poured  on  a  large  filter  paper, 
allowed  to  drain,  and  the  residue  washed  with  cold  water  until  free  from 
hydrochloric  acid.  The  paper  and  residue  were  dried  at  500  in  an  air- 
bath,  placed  in  a  thimble  and  extracted  in  a  Soxhlet  for  3  hours.  After 
removal  of  the  solvent  from  the  extract,  by  evaporation  on  the  steam- 
bath,  the  flask  and  the  remaining  residue  were  dried  and  weighed. 

Both  ethyl  ether  and  petroleum  ether  were  used  in  the  above.  The 
former  seemed  to  give  slightly  higher  results  and  always  carried  with  it 
more  coloring  matter,  besides  a  small  amount  of  reducing  sugar,  while  the 
latter  gave  a  cleaner  product  but  it  was  found  difficult  to  get  rid  of  the 
last  traces  of  the  solvent. 

Four  samples  of  purified  starch  were  subjected  to  the  above  treatment 
and  the  fat  liberated  by  hydrolysis  determined  and  given  below. 

Sample,  25  G.  op  Starch. 

Pat  by  Acid 

Extraction.         hydrolysis.        number. 
Solvent.  % 

i Petroleum  ether  Dry  0.56  181 .3 

2 Petroleum  ether  Dry  0.49  186.5 

3 Petroleum  ether  Wet  0.54 

4 Ethyl  ether  Dry  0.64  184.7 

Wet  extraction  with  ethyl  ether  of  the  hydrolyzed  starch  liquor  necesi- 
tated  drying  the  ether  layer  due  to  the  relatively  large  amount  of  water 
taken  up  by  it.  As  this  entails  some  loss,  and  further  since  in  the  presence 
of  fat,  reducing  sugar  passes  into  the  ether  layer,  only  extraction  of  dried 
fat  should  be  attempted  with  this  solvent. 

The  experiment  corresponding  to  the  data  marked  3  in  the  above  table 
was  carried  out  slightly  differently,  in  that  the  liquor  resulting  from  the 
hydrolysis  was  extracted  directly  with  petroleum  ether,  without  first 
filtering  or  drying  the  residue. 

The  fat  obtained  by  the  hydrolysis  of  the  starch  will  hereafter  be 
designated  as  "fat  by  hydrolysis"  to  distinguish  it  from  the  small  amount 
of  extraneous  fat,  extracted  directly  from  the  starch. 

Gelatinization  and  destruction  of  starch  granule  does  not  affect  com- 
bined fat.  In  order  to  make  sure  that  none  of  the  fat  obtained  by  the 
hydrolysis  of  the  starch,  the  amounts  of  which  are  given  in  the  table  in 
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Part  II,  was  held  mechanically  as  extraneous  fat  between  the  layers  in  the 
starch  granule,  the  latter  were  destroyed  by  gelatinization.  One  hundred 
parts  of  dry  powdered  starch  were  added  to  80  parts  of  a  50%  aqueous 
solution  of  ammonium  thiocyanate  to  which  had  been  added  previously 
40%  of  its  weight  of  alcohol.1  The  gelatinized  paste  thus  obtained  was 
stirred  with  an  excess  of  acetone  which  precipitated  a  white  amorphous 
starch  containing  no  granules.  Practically  all  of  the  ammonium  thio- 
cyanate was  then  removed  by  repeated  washing  with  acetone  and  alcohol 
and  the  dried  product  finally  extracted  with  ether.  A  sample  of  this 
ether-washed  starch  contained  no  directly  extractable  fat,  but  did  contain 
0.41%  of  "fat  by  hydrolysis"  and  the  latter  had  an  acid  number  of  182.7. 
Since  the  amount  of  fat  and  its  acid  number  agree  very  well  with  the 
values  in  the  above  table  for  starch  in  the  form  of  granules,  it  is  evident 
that  the  "fat  by  hydrolysis"  cannot  be  attributed  to  retention  of 
fat  between  the  layers  in  the  granules.  Had  this  been  the  case  then 
when  the  granules  were  destroyed  the  fat  would  have  been  removed 
by  the  acetone  and  alcohol,  and  the  fat  obtained  upon  subsequent 
hydrolysis  of  the  amorphous  material  would  have  been  much  lower 
than  0.41%. 

in.  Nature  of  the  Fatty  Material  Liberated  by  the  Hydrolysis  of  Maize 

Starch. 

The  fatty  material  obtained  by  the  hydrolysis  of  the  starch  as  de- 
scribed under  II,  is  semi-crystalline,  forms  soap  with  alkali,  produces 
grease  stains  on  paper  and  has  a  "tallow" -like  odor  which  becomes  more 
pronounced  on  heating. 

In  order  to  obtain  more  definite  data  as  to  the  exact  nature  of  the  fatty 
material,  a  much  larger  quantity  was  necessary  than  could  be  obtained 
by  the  hydrolysis  of  batches  of  starch  in  ordinary  chemical  laboratory 
apparatus.  Therefore,  the  "refinery  mud"  mentioned  in  Part  I  was 
used.2  This  mud  corresponds  to  the  flocculent  precipitate  which  remains 
after  acid  hydrolysis  of  the  starch  in  the  method  for  "fat  by  hydrolysis." 
The  commercial  production  of  glucose  from  starch  is  simply  this  aqueous 
acid  hydrolysis  modified  to  fit  large  scale  production. 

Due  to  the  fact  that  the  mud  is  removed  by  filtration  in  iron  filter 
presses,  a  considerable  amount  of  iron  soap  is  formed  from  the  action 
of  the  fatty  acids  on  the  apparatus.  A  proximate  analysis  of  this  "re- 
finery mud"  shows  the  following. 

1  /.  Soc.  Chem.  Ind.,  28,  213  (1909). 

*  The  authors  wish  to  thank  Dr.  C.  E.  G.  Porst  for  procuring  from  the  Corn  Prod- 
ucts Refining  Company  the  starch  and  "refinery  mud"  used  in  this  investigation, 
and  for  his  valuable  suggestions  concerning  the  determination  of  the  amount  of  com- 
bined fat. 
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Percent. 

Moisture 29.5                * 

Protein 10.9 

Ash 3.5 

Red.  sugar 2.4 

Fat 48 . 8 

Remainder Undetermined 

The  fat  content  is  high  because  included  in  this  are  other  substances, 
especially  iron  soaps  which  dissolve  with  the  fat,  but  these  probably  do 
not  amount  to  more  than  2.0%  of  the  total  extractable  matter. 

When  the  fat  is  first  recovered  it  is  a  light  yellow  mass  with  an  odor 
suggesting  furfural,  but  on  standing  exposed  to  air  it  soon  darkens  and 
becomes  gummy.  After  a  few  days  the  odor  is  typical  of  oleic  acid  which 
has  been  exposed  to  the  air  for  a  time. 

Recovery  of  Fat  from  the  Refinery  Mud. — A  kilo  of  this  mud  was 
thoroughly  mixed  with  about  a  liter  of  low  boiling  petroleum  ether  and 
then  poured  into  a  2 -liter  round-bottom,  short-neck  flask  connected  with 
a  spiral  condenser.  The  flask  was  heated  on  a  water  bath  while  vaccum 
was  applied  to  the  system,  water  and  petroleum  ether  distilled  over  to- 
gether and  separated  into  2-layers  in  the  receiver.  The  ether  layer  was 
removed  and  returned  to  the  flask.  On  distilling  over  the  ether  repeatedly 
the  water  was  removed  from  the  mud  without  undue  exposure  of  the  fat 
to  the  air  and  in  addition  the  drying  was  uniform  throughout  the  mass. 
Finally  the  last  suspension  of  the  starch  in  the  petroleum  ether  was  filtered 
through  a  Bttchner  funnel  under  suction  and  the  ether  distilled  off,  leaving 
the  crude  fat  in  a  dark  brown  mass  whose  surface  showed,  as  the  fat  be- 
came cold,  a  peculiar  crystalline  structure.  This  crude  fat  was  dissolved 
in  boiling  alcohol  and  repeatedly  treated  with  bone  black  and  then  re- 
crystallized  from  alcohol  until,  on  cooling,  a  perfectly  white  crystalline 
fatty  acid  separated.  Several  more  crystallizations  were  made  until  the 
product  showed  no  iodine  number.  A  weighed  sample  of  this  final  product 
was  dissolved  in  neutral  alcohol  and  titrated  with  standard  alkali. 

Subs.,  0.2788,  0.5000:  NaOH  required,  0.0437,  0.0739.    Found:  Mol.  wt.  (mono- 
basic acid):  254.8,  256.5. 

The  iodine  value  for  this  material  was  zero. 

A  silver  soap  was  prepared  by  slightly  over-neutralizing  the  free  fatty 
acid  with  ammonia  and  then  adding  silver  nitrate  solution  until  no  further 
precipitate  formed.  The  precipitate  was  filtered  off,  washed  free  of  salts, 
dried,  and  a  weighed  portion  ignited  in  a  tared  porcelain  crucible.  A 
residue  of  silver  resulted  which  was  weighed  Jand  from  this  value  the 
molecular  weight  of  the  substance  calculated  as  a  monobasic  acid. 

Subs.,  0.212:  Ag,  0.0061. 

Calc.  for  palmitic  add:  256.6.    Pound:  268.3. 

The  acid,  after  remaining  in  an  ice  box  for  several  hours,  melted  at 
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6i.6°,  with  a  rate  of  heating  of  about  i  °  per  minute.  Lewkowitsch  gives 
62.6  as  the  melting  point  for  palmitic  acid.  The  anilide  of  our  add 
melted  at  90.2  °  which  is  the  melting  point  given  for  the  anilide  of  palmitic 
acid.  The  substance,  upon  combustion,  agrees  in  composition  with  that 
of  palmitic  acid. 

Cak.  for  palmitic  add:  C,  74.92;  H,  12.54.    Found:  C,  75.00;  H,  12.36. 

The  freshly  isolated  fat  mentioned  in  II,  however,  has  a  melting  point 
between  38  °  and  43  °,  an  acid  number  of  186,  and  an  iodine  number  of 
about  92,  while  palmitic  add,  as  pointed  out  above,  has  a  melting  point  of 
62  °,  an  add  number  of  219,  and  a  practically  zero  iodine  number.  There 
is,  therefore,  present  in  the  fat,  liberated  in  the  hydrolysis  of  the  purified 
starch,  besides  the  palmitic  add  an  unsaturated  constituent  of  relatively 
low  aridity. 

In  order  to  get  some  insight  into  the  nature  of  this  other  constituent, 
the  lead  salts  were  made  according  to  the  usual  method  and  the  ether 
soluble  portion  (the  lead  salts  of  certain  unsaturated  adds  are  soluble 
in  ether)  decomposed  with  hydrogen  sulfide.  The  liberated  fatty  material 
was  liquid  at  ordinary  temperature  and  had  an  iodine  number  of  136.0. 
On  cooling,  some  solid  separated,  leaving  a  light  yellow  liquid.  The 
solid  was  removed  from  the  liquid  and  dried  between  filter  paper  and  was 
apparently  palmitic  add,  since  it  mdted  at  62  °  and  had  an  add  number  of 
202.  The  light  yellow  liquid  remaining  was  highly  unsaturated,  had  an 
iodine  value  of  136,  and  showed  practically  no  aridity.  It  was  insoluble  in 
cold  aqueous  alkali,  coagulating  as  a  gummy  mass,  showed  the  presence  of 
small  amounts  of  reducing  sugar  when  treated  with  Fehling's  solution, 
and  gave  no  test  for  nitrogen  by  the  sodium  fusion  method,  but  did  show 
the  presence  of  small  amount  of  phosphorus,  and  gave  no  residue  on 
ignition.  This  material  will  be  referred  to  again  as  X  in  the  latter  part 
of  the  article. 

IV.  Liberation  of  the  Fatty  Adds  at  the  Early  Stages. 
Erythrodextrin  of  the  Hydrolysis  of  the  Starch.  Hydrolysis  by 
Mineral  Acids. — Fifty  g.  of  the  purified  starch,  suspended  in  water,  was 
treated  with  3  M  hydrochloric  acid,  and  when  the  erythrodextrin  stage 
of  hydrolysis,  indicated  by  plum  color  with  iodine,  was  reached,  the  opera- 
tion was  arrested,  and  the  mixture  poured  into  an  excess  of  95%  alcohol. 
The  alcohol  caused  a  separation  of  the  dextrin,  which  was  removed  by 
filtering  and  then  washed  with  alcohol  and  ether.  The  combined  alcohol- 
ether  filtrates  and  washings  were  evaporated,  the  residue  remaining  ex- 
tracted with  ether  and  the  extract  evaporated,  wdghed,  and  found  to 
amount  to  0.53%  of  the  original  starch.  The  dextrin  was  hydrolyzed 
and  the  "fat  by  hydrolysis"  from  this  was  found  to  be  negligible.  When 
it  is  recalled  that  the  "fat  by  hydrolysis"  from  the  original  starch  is  be- 
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tween  0.5  and  0.6%  (see  table  under  II)  it  becomes  evident  from  these 
results  that  practically  all  the  fat  is  liberated  in  the  early  stages  of  hy- 
drolysis of  the  starch  by  aqueous  acids.  By  repeating  the  above  pro- 
cedure with  various  concentrations  of  hydrochloric  and  nitric  acids  the 
same  results  were  obtained  except  that  the  lower  concentrations  of  add 
seemed  to  favor  the  formation  of  insoluble  retrograded  starch  which  re- 
sisted further  hydrolytic  action.  It  was  found,  however,  that  a  short 
treatment  with  10%  aqueous  sodium  carbonate  solution  rendered  the 
retrograded  starch  soluble  so  that  acid  reagents  could  act  in  the  usual 
way  to  give  glucose. 

Diastatic  Hydrolysis. — The  starch  was  hydrolyzed  by  means  of 
diastase  also  instead  of  by  acid.  It  was  thought  that  possibly  the  fat 
might  be  liberated  at  a  later  stage  in  the  hydrolysis  than  the  erythro- 
dextrin  when  the  enzyme  was  used.  The  procedure  was  practically  the 
same  as  in  the  acid  hydrolysis  except  that  in  order  to  secure  optimum 
conditions  for  the  diastatic  action,  the  hydrogen  ion  concentration  was 
adjusted  according  to  the  directions  of  Sherman,  Thomas  and  Baldwin.1 
Two  experiments  were  carried  out  and  in  each  case  free  fat  was  obtained. 
In  one  case  the  hydrolysis  was  interrupted  at  the  erythrodextrin  stage  and 
the  alcohol-ether  residue  similar  to  that  described  for  acid  hydrolysis, 
amounted  to  0.19%.  In  the  other  case  the  hydrolysis  was  allowed  to 
continue  until  a  test  portion  gave  practically  no  color  with  iodine,  and 
then  the  liberated  fat  amounted  to  0.41%  of  the  original  starch.  It 
therefore  appears,  as  far  as  one  can  judge  by  means  of  the  iodine  color, 
that  at  least  some  fat  is  liberated  at  the  erythrodextrin  stage  when  starch 
is  hydrolyzed  by  the  diastase  just  as  was  observed  when  acid  was  the 
hydrolytic  agent. 

V.  Cleavage  of  Starch  into  Products  of  Relatively  High  Fat  Content. 

(A).  Hydrolysis  or  Cleavage  of  Starch  by  Low  Hydrogen-Ion  Con- 
centration in  the  Presence  of  Bacillus  Aceto-ethylicum. — One  hundred 
g.  portions  of  starch  were  gelatinized  by  stirring  into  2  liters  of  boiling 
water  containing  2  g.  of  ammonium  phosphate  and  0.5  g.  of  magnesium 
sulfate  as  nutriment  for  the  bacteria.1  Starch  purified  as  described  above 
formed  in  this  way  a  very  limpid  paste.8  The  last  traces  of  foreign 
material  such  as  cell  fragments  still  present,  settled  and  were  removed 
by  the  decantation  of  paste  through  a  layer  of  cotton.  The  decanted 
paste  was  then  placed  in  a  5-liter  flask  and  the  hydrogen  ion  adjusted  to 
approximately  io~*  by  adding  add  or  alkali  until  a  test  sample  showed  no 
pink  color  with  phenolphthalein  and  no  yellow  with  phenol  red.4  The 
1  Sherman,  Thomas  and  Baldwin,  Tms  Journal,  41,  231  (1919). 

*  Schardinger,  Centr.  Bakt.,  22,  98  (1909). 

*  Small,  Tms  Journal,  41,  113  (1919). 

*  Lubs  and  Clark,  J.  Bact.,  4,  107  (1919). 
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flask  was  then  stoppered  with  cotton,  and  the  contents  sterilized  at  15 
pounds  steam  pressure  for  one  hour,  cooled  to  400  and  inoculated  with 
bacillus  aceto-ethylicum,1  and  allowed  to  remain  in  an  incubator  at  40  ° 
until  there  was  no  more  apparent  action.  A  very  limpid  liquid,  con- 
taining a  small  amount  of  insoluble  material,  resulted.  This  was  filtered 
and  the  residue  obtained  was  washed  with  hot  water  and  allowed*  to  drain. 
The  residue  then  was  stirred  into  an  excess  of  absolute  alcohol,  the  alcohol 
filtered  off  and  the  material  dried  in  vacuo  at  40  °.  In  this  way  a  gray 
powder  was  finally  obtained  which  was  digested  with  boiling  ether,  filtered 
through  a  Biichner  funnel  and  washed  with  several  small  portions  of  ether 
to  remove  any  fat  which  might  have  been  freed  in  the  fermentation. 
The  residue  thus  obtained  produced  a  plum  color  with  iodine  and  showed 
no  starch  granules  under  the  microscope. 

Three  such  residues,  ranging  in  weight  from  10  to  15  g.,  were  hydrolyzed 
by  acid  as  in  II  and  were  found  to  contain  still  a  considerable  quantity  of 
fat.  The  values  given  below  were  calculated  on  the  dry  weight  of  the 
residues. 

Fat  of  hydrolysis. 
No.  %. 

1 1.6 

2 3.8 

3 2.2 

(B).  Hydrolysis  or  Cleavage  of  Starch  by  Low  Hydrogen  Ion  Con- 
centration without  Addition  of  Aceto-ethylicum. — On  allowing  solu- 
tions, prepared  for  inoculation  as  above,  to  stand,  a  separation  into  layers 
was  noticed,  an  upper  clear  and  a  lower  turbid  one.  The  latter  was 
similar  in  appearance  to  retrograded  starch.  This  observation  led  to  the 
carrying  out  of  the  above  partial  hydrolysis  of  the  starch  without  the 
addition  of  the  salts  or  aceto-ethylicum,  the  procedure  otherwise  being 
identical  with  that  in  (A).  After  standing  for  about  6  hours  a  rather 
complete  settling  of  the  insoluble  portion  had  taken  place.  The  residue 
obtained  by  this  latter  method  differed  from  that  described  in  (A)  in  that 
it  was  more  voluminous  and  had  the  appearance  of  retrograded  starch. 
It  was  removed  by  filtration  and  treated  in  a  way  analogous  to  the  pro- 
cedure employed  for  the  residue  in  (A). 

Three  100  g.  portions  of  purified  starch  containing  0.52  g.  of  "fat  by 
hydrolysis"  were  analyzed  by  this  method. 

Residue  from  "Fat  by  hydrolysis" 

100  g.  of  starch  in  residue. 

Residue  No.  G.  %. 

88  50  55 

89  8.1  3.6 

90  8.0  33 

1  The  authors  wish  to  thank  Dr.  J.  H.  Northrop  for  the  culture  of  the  Bacillus 
aceto-ethylicum  and  directions  for  applying  it  to  starch.  This  is  the  bacteria  used  by 
Northrop,  Ashe  and  Morgan  for  the  production  of  acetone  from  starch  and  glucose 
See  /.  Ind.  Eng.  Chern.,  xx,  723  (1919)* 
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A  sample  of  residue  No.  88  gave  on  ignition  an  alkaline  ash  of  0.28%, 
which  showed  the  presence  of  phosphorus  and  magnesium,  while  residue 
itself  showed  0.04%  of  phosphorus. 

Since  these  residues  contained  as  high  fat  content  as  those  described 
in  (A),  the  method  of  preparation  in  (B)  is  to  be  perferred  due  to  its  being 
simpler.  The  fat  content  of  the  residues  from  both  methods,  (A)  and 
(B),  being  about  6  times  that  of  the  original  starch,  this  appears  to  offer  an 
avenue  to  the  isolation  of  a  simpler  compound  and  information  concerning 
the  structure  of  the  fat-carbohydrate  linking.  Work  is  now  in  progress  on 
this  particular  phase  of  the  problem.  That  the  fat  in  the  residue  might  be 
occluded  in  the  residue,  is  very  improbable  on  account  of  the  method  em- 
ployed in  precipitation  of  the  residue  by  alcohol  and  ether,  both  of  which 
are  good  fat  solvents.  The  argument  that  the  residue  material  was  so 
insoluble  as  to  prevent  the  solvents  from  coming  into  contact  with  the 
fat  and  hence  the  latter  being  retained,  although  free,  in  the  residue,  can 
have  very  little  justification  in  the  light  of  the  following  experiment. 

Two  g.  of  residue  No.  90  was  refluxed  for  one  hour  with  20  cc.  ofo.iM 
alkali.  This  treatment  gave  a  slightly  opalescent  liquid  similar  in  ap- 
pearance to  colloidal  starch.  On  pouring  the  liquid  into  an  excess  of 
alcohol  a  precipitate  was  formed  which  gave  a  blue  color  with  acid  iodine 
solution,  indicating  unchanged  starch.  The  precipitate  was  filtered, 
dried  and  extracted  with  boiling  alcohol  and  ether,  and  upon  analysis 
showed  1.9%  of  "fat  by  hydrolysis"  with  an  acid  number  of  175.7. 

By  this  alkali  treatment  the  residue  was  brought  into  solution  again, 
and  if  the  fat  had  been  free  fatty  acid  it  would  have  been  removed  com- 
pletely, yet  the  results  showed  that  only  1.4  of  the  3.3%  fat  present  in  the 
residue  was  removed.  The  reason  why  the  1.4%  was  removed  can  be 
explained  most  satisfactorily  by  assuming  that  the  fat  is  present  in  the 
original  residue  as  ester  and  that  under  the  conditions  of  the  above  experi- 
ment the  saponification  of  ester  by  the  alkali  was  not  complete. 

Fat  not  Accounted  for  in  Residue  Described  in  B. — It  is  evident  that 
only  about  l/%  of  the  total  combined  fat  in  the  original  starch  remains  as 
such  in  the  residue  No.  89.  The  aqueous  filtrate,  obtained  in  the  pre- 
paration of  this  residue,  was  extracted  with  ether  to  make  sure  that  no 
free  fat  was  present,  and  subjected  to  acid  hydrolysis.  In  this  way,  the 
filtrate  was  found  to  contain  0.085  g*  °f  *at  st^  combined  with  the  soluble 
starch  contained  in  the  filtrate.  Subtracting  the  sum  of  the  combined 
fat  held  in  the  residue  and  aqueous  filtrate,  0.292  +  0.085  or  0.38  g., 
from  0.56  g.,  the  "fat  by  hydrolysis"  in  the  original  100  g.  of  starch,  gives 
0.18  g.  of  fat  which  must  have  been  liberated  in  the  process  and  lost  by 
being  extracted  by  the  alcohol-ether  treatment.  Qualitative  test  of  the 
filtrate  with  Fehling's  solution  showed  reducing  sugar,  and  iodine  test 
indicated  erythrodextrin. 
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Decomposition  of  the  Starch  by  Alcohol  Solution  of  Hydrogen  Chloride. 
— In  the  preparation  of  some  methyl  glucoside  in  this  laboratory  by  the 
method  described  by  Fischer,1  maize  starch  was  heated  in  an  autoclave 
with  an  absolute  methyl  alcohol  solution  of  hydrogen  chloride.  An  insoluble 
residue,  similar  in  appearance  to  the  sediments  described  above,  together 
with  an  oily  liquid  floating  upon  the  surface  of  the  alcoholic  solution, 
were  formed.  This  residue  and  the  oily  liquid  were  examined  in  the  hope 
that  further  light  might  be  cast  upon  the  way  the  fat  is  combined  within 
the  starch. 

Since  the  reaction  of  the  starch  with  the  alcoholic  hydrogen  chloride 
had  taken  place  in  a  copper  autoclave,  there  was  some  contamination 
with  copper  salts.  It  was  necessary  to  remove  the  latter  by  washing 
with  glacial  acetic  acid  before  the  residue  could  be  examined.  The 
residue  showed  microscopically  only  flocks  of  amorphous  material,  which 
produced  a  red  color, with  iodine  similar  to  that  from  erythrodextrin. 
The  "fat  by  hydrolysis"  in  this  residue  was  0.56%  which  is  practically 
the  same  as  in  the  original  starch  (see  table  under  II).  It  is  of  interest  in 
this  connection  to  compare  these  results  with  those  obtained  in  the  aqueous 
acid  hydrolysis.  Although  the  iodine  color  of  the  various  cleavage 
products  of  starch  can  not  be  considered  absolutely  reliable,  it  serves  to 
show  roughly  that  a  change  has  taken  place  in  the  starch  molecule.  Com- 
paring this  color  reaction  of  the  material  from  the  aqueous  hydrolysis 
with  that  obtained  from  the  alcoholic-hydrochloric  acid  treatment,  the 
following  facts  can  be  set  down. 

In  the  aqueous  hydrolysis  (see  Part  III)  as  soon  as  there  was  any  change 
in  the  starch  complex,  noted  by  the  iodine  test,  the  entire  amount  of 
bound  fat  was  liberated.  In  the  alcoholic  cleavage,  although  apparently 
all  the  starch  had  undergone  a  change  as  shown  by  the  red  color  with 
iodine  and  by  the  amorphous  condition  of  the  residue  as  revealed  by  the 
microscope,  the  erythrodextrin-like  residue  retained  the  same  quota  of 
fat  as  is  present  in  the  original  starch.  It  would  seem,  therefore,  from 
these  rather  limited  data  that  the  cleavage  of  the  starch  molecule  takes 
place  at  different  linkings  according  to  the  method  used,  and  furthermore 
it  serves  as  additional  evidence  that  the  fat  is  an  inherent  part  of  the 
starch  molecule. 

When  the  above  alcoholic  filtrate  is  evaporated  and  extracted  with 
ether  a  dark  brown  oil  is  obtained.  It  was  non-acidic,  decolorized 
bromine,  was  insoluble  in  cold  alkali  but  on  warming  practically  all  of  it 
dissolved  and  gave  a  soapy  solution  which  reduced  Fehling's  solution. 
Apparently  this  substance  is  the  unsaturated  constituent  "X,"  mentioned 
in  Part  III. 

Treatment  of  Residue  Containing  Relatively  a  Large  Amount  of  Fat, 

^Fischer,  Ber.t  28,  1151  (1895). 
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with  Absolute  Alcohol-hydrogen  Chloride. — Since  the  residue  from  (A) 
and  (B)  still  contained  carbohydrate  very  similar  to  starch  itself,  and 
cleavage  with  hydrolytic  reagents  and  the  bacillus  was  apparently  im- 
possible, it  occurred  to  us  that  treatment  with  alcoholic  hydrogen  chloride 
might  offer  a  means  of  breaking  down  this  still  complex  compound  to  a 
simpler  one.    Accordingly  the  following  experiment  was  made. 

Five  g.  of  residue  No.  99  was  refiuxed  for  50  hours  with  160  cc.  of 
absolute  alcohol  containing  1.971  g.  of  hydrogen  chloride.  After  this 
treatment  there  remained  2.24  g.  of  apparently  unattacked  starch-like 
residue  which  gave  a  red  color  when  tested  with  iodine  instead  of  the 
purple  color  given  by  the  original  sample.  Analysis  of  this  sample,  after 
washing  with  ether,  showed  3.2%  of  "fat  by  hydrolysis"  referred  to  the 
weight  of  the  dry  product,  a  fat  content  essentially  the  same  as  that  of  the 
original  sample  No.  89  (see  table)  and  therefore  indicating  that  only 
about  half  of  the  original  sample  had  been  affected  by  the  treatment. 
On  partial  evaporation  of  the  alcoholic  solution  containing  the  glucoside, 
there  appeared  on  the  surface  small  droplets  of  dark  brown  oil.  These 
were  removed  by  solution  in  ether;  and  on  evaporation  of  the  ether  a 
product  remained  which  was  similar  in  properties  to  the  unsaturated 
liquid  called  "X"  described  above. 

VI.  The  Fatty  Acid  is  Combined  Indirectly  to  the  Starch. 

(A)  Saponification  of  Fat  Liberated  by  Acid  Hydrolysis. — A  sample 
of  0.3058  g.  of  fat  liberated  by  aqueous  acid  hydrolysis  was  refluxed  for 
one  hour  with  5  cc.  of  M  alcoholic  sodium  hydroxide,  while  as  a  blank 
analysis  5  cc.  of  sodium  hydroxide  was  given  exactly  the  same  treat- 
ment. After  refluxing,  the  flasks  were  cooled  and  titrated  back  with 
0.05  M  sulfuric  acid. 

Cc.  op  0.05  M  Sulfuric  Acid  Required. 

Blank 48. 9 

Sample 38 .0 

Difference 10.9 

This  was  equivalent  to  a  saponification  number  of  199.5.  Another 
portion  of  same  sample  gave  an  acid  number  of  182.3,  while  that  of 
palmitic  acid  is  219.1. 

(B)  Saponification  of  Fat  Liberated  by  Diastatic  Hydrolysis.— A 
sample  of  0.1290  g.  of  fat  liberated  by  diastatic  hydrolysis  was  dissolved 
in  petroleum  ether  and  10  cc.  of  0.1  M  alcoholic  sodium  hydroxide  added. 
The  mixture  protected  from  carbon  dioxide  by  a  soda-lime  tube  was 
allowed  to  remain  at  room  temperature  for  18  hours.  Back  titration 
of  the  excess  alkali  required  5.1  cc.  of  0.05  M  sulfuric  acid,  indicating 
therefore  a  saponification  number  of  212.7.  Tne  acid  number  of  the  same 
sample  was  147.8. 

It  is  evident  that  the  fat  from  both  methods  of  hydrolysis  of  the  starch 
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contains  combined  fatty  acid  or  an  ester.  This  ester  has  suffered  more 
hydrolysis  when  acid  instead  of  diastase  was  used  in  decomposing  the 
starch.  In  the  light  of  these  data,  very  likely  the  unsaturated  con- 
stituent present  in  the  fat,  labeled  "X,"  is  combined  with  the  palmitic 
acid  and  accounts  for  the  presence  of  the  ester. 

The  fact  that  the  palmitic  acid,  which  is  a  mono-basic  acid,  is  linked  as 
an  ester  to  the  unsaturated  compound  ("X")  precludes  the  possibility  of 
direct  carbohydrate  fatty  acid  union,  and  since  it  has  been  shown  that  the 
entire  fatty  material  (fatty  acid  and  unsaturated  substance  "X")  is  com- 
bined with  the  carbohydrate  and  only  liberated  by  hydrolysis,  the  sub- 
stance "X"  must  serve  as  a  connecting  link  between  the  acid  and  the 
carbohydrate. 

Starches  from  other  sources  than  corn  also  contained  combined  fat. 

Samples  of  various  representative  starches  were  purified  as  described 
under  Part  I  and  the  "fat  by  hydrolysis"  determined.  In  the  following 
table  axe  enumerated  the  results  of  these  analyses.  Fifty  g.  samples 
were  used,  except  in  the  case  of  potato  starch. 

"Fat  by 
Starch.  hydrolysis."      Acid  No.         Iodine  No. 

Corn 0.61  182.5            92.5 

Rice 0.83  283.4            84.7 

Sago 0.11  151 .0 

Cassava 0.12  168.0 

Potato  (200  g.  sample) 0.04  109 .4 

Horse  chestnut o.  56  21.9 

From  the  above  results  it  is  evident  that  corn  starch  is  not  unique  in 
having  combined  fat,  but  that  starches  of  widely  differing  genera  also 
contain  combined  fatty  material. 

We  axe  greatly  indebted  to  the  Harriman  Research  Laboratory,  New 
York  City  for  grants  in  the  aid  of  this  investigation. 

Nbw  York,  N.  Y. 


[Contribution  from  the  Chsmicai,  Rbsbarch  Laboratory,  Upjohn  Company.] 

THE  RAGWEED  POLLEN  PROTEINS. 

By  Frederick  W.  Hbyi*  and  Harris  H.  Hopkins.1 

Received  Jane  21,  1920. 

In  considering  any  drug  from  a  pharmaceutical  point  of  view,  two  dis- 
tinct schools  of  thought  are  always  in  evidence.  First,  the  progressive 
school  which  is  largely  dominated  by  chemistry  and  to  whom  pharmacy 
owes  much  in  the  matter  of  the  isolation  or  preparation  of  pure  or  crys- 
talline principles.  Secondly,  there  is  the  conservative  group,  dominated 
1  Holder  of  The  Upjohn  Cooperative  Fellowship  at  Kalamazoo  College  (19 19- 
1920).  This  paper  is  based  upon  the  thesis  presented  by  Mr.  Hopkins  to  the  Faculty 
of  Kalamazoo  College,  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Master 
of  Science. 
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bya  the  simpler  pharmaceutical  methods  and  favoring  the  preparation  of 
galenical  extractives.  It  is  well  for  us  to  understand  that  however  de- 
sirable the  progressive  results  due  to  chemical  investigation  in  all  cases 
may  be,  that  there  are  a  number  of  drugs  {e.  g.t  ergot  and  digitalis)  the 
actions  of  which  we  do  not  comprehend,  and  for  which  it  were  well  if 
the  pharmacist  adopted  and  the  clinician  used,  a  strictly  galenical  product 
until  the  chemist  has  first  worked  out  the  problem  involved.  Where 
the  pharmacist  attempts  to  precede  the  chemist,  as  has  been  done  with 
both  the  drugs  mentioned,  there  arises  a  chaotic  condition  which  actually 
retards  the  advance  of  knowledge. 

Ragweed  pollen  is  such  a  drug.  The  uncertain  state  of  our  knowledge 
does  not  justify  the  preparation  or  use  of  pure  principles  from  this  drug, 
even  though  at  present  we  may  view  the  albumin  fraction  as  the  constituent 
of  chief  interest.  In  the  texts  we  find  pollen  toxalbumin  classified  with 
the  albuminous  substances  ricin,  abrin,  and  crotin  on  the  basis  of  their 
similar  activity  in  producing  antitoxic  substances  in  the  animal  body. 
This  classification  is  due  to  the  work  of  Dunbar,1  who  perhaps  succeeded 
in  showing  that  he  could  produce  a  pollen  antitoxin  using  rye  pollen, 
but  it  need  not  necessarily  hold  for  ragweed  pollen. 

It  has  been  shown  that  rye  pollen  toxin  which  is  extracted  with  water  will 
withstand  autolysis  in  the  presence  of  the  proteases  of  pollen.  Kamman' 
claims  that  this  increases  its  activity  100  fold,  whereas,  on  the  contrary, 
artificial  digestion  with  trypsin  leads  to  the  Iqss  of  activity  exactly  as  in 
the  case  of  ricin.  Kamman  noted  a  loss  of  activity  for  rye  pollen  toxin 
when  it  was  allowed  to  stand  in  the  presence  of  alcohol  and  attributes 
this  to  the  coagulation  of  the  albumin.  On  the  other  hand,  he  states 
that  his  product  was  thermostabile,  a  finding  which  is  difficult  to  under- 
stand if  the  activity  resides  in  the  coagulable  albumin  fraction. 

The  conclusive  work  of  Osborne,  Mendel  and  Harris*  on  ricin  leads 
to  the  thought  that  in  an  analogous  manner  the  pure  pollen  albumin  is 
probably  the  so-called  toxin  in  this  case,  but  when  we  find,  not  40%  as 
in  the  rye  pollen,  but  only  1-2%,  we  feel  more  than  ever  the  logic  of  ad- 
hering to  the  galenical  extract  until  the  required  information  shall  have 
been  gained.  In  the  case  of  Kamman's  so-called  "pollentoxin,"  the  usual 
protein  reactions  (except  the  biuret)  were  lacking  and  it  is  evident  that 
Kamman's  thought  is  influenced  by  the  work  of  Kyes4  and  of  Faust,5 
who  have  established  the  non-nitrogenous,  thermostabile  nature  of  the 
neurotoxic  constituent  of  cobra  venom.    This  substance  "ophiotoxin," 

1  Zur  Ursache  und  specifischen  Heilung  des  Heufcbers,"  M&nchen,  19013. 
*Biochem  Z„  46,  151  (191 2). 

•  Am.  J.  Physiol.,  14,  259  (1905). 

«  Bicchem.  Z.,  4,  99  (1907);  8,  42  (1908). 

•  Arch.  expt.  Path.  Pharm.,  56,  236  (1907). 
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(CnHaAo)  is  probably  combined  as  an  ester  or  salt  with  the  albumip- 
like  substances  which  are  present,  and  with  which  it  can  be  precipitated 
by  saturation  with  ammonium  sulfate.  As  is  frequently  the  case,  it  is 
known  that  the  native  substance  is  more  stable  and  has  greater  activity 
than  the  isolated  fraction  owing  to  the  protective  action  of  the  protein 
moiety. 

As  has  been  previously1  shown,  the  aqueous  extract  from  pollen  when 
precipitated  with  alcohol  or  when  saturated  with  ammonium  sulfate  yields 
a  small  quantity  of  a  coagulable  albumin  and  a  larger  quantity  of  sub- 
stance which  was  formerly  classified  as  a  proteose.  The  analytical  re- 
sults reported  in  this  paper  show  that  the  albumin  is  a  normal  protein 
except  that  it  is  incomplete  and  lacks  histidine  and  perhaps  tryptophane. 
But  the  "proteose"  or  non-coagulable  part  of  this  fraction  differs  from 
the  corresponding  ricin  proteoses  or  any  other  substances  previously 
described  in  this  fraction. 

We  have  analyzed  by  the  Van  Slyke  process  2  "proteose"  products. 
The  first  was  the  most  soluble  part  precipitated  at  5/ 10-10/ 10  satura- 
tion with  ammonium  sulfate  and  was  found  to  contain  only  5 .43%  nitro- 
gen. A  second  sample  represented  the  entire  fraction  and  was  further 
purified  by  dialysis  and  it  contained  6.0%  nitrogen.  These  samples 
are  possibly  mixtures  or  uncoagulable  combinations  of  the  albumin  and 
a  non-nitrogenous  moiety,  there  being  a  higher  percentage  of  protein  in 
the  entire  fraction  than  in  that  precipitated  at  higher  saturations.  On 
the  basis  of  the  nitrogen  content  these  products  correspond  to  a  mixture 
or  compound  containing  38.3%  and  35. 1%  of  the  albumin,  respectively. 
Recalculating  our  base  and  tyrosine  analysis  we  can  make  the  following 
comparisons. 

Calc.  for  Pound  Calc.  for  albu-     Found  soluble 

albumin  X  0.383.  entire  proteose,  min  X  0.351.  proteose. 

Arginine 2.36  2.08  2.15  1.48 

Histidine 0.00  0.00  0.00  0.00 

Lysine 3.36  4.48  3.07  370 

Tyrosine 1.08  1.10  0.98  0.78 

The  stability  of  these  substances  is  remarkable  and  it  is  difficult  to  de- 
cide definitely  whether  we  have  here  an  ester,  a  salt-like  substance  or  a 
mixture  of  albumin  with  a  nitrogen-free  substance. 

We  have  analyzed  the  pollen  glutelin,  which  is  the  predominant  protein, 
and  found  it  to  differ  from  the  water-soluble  albumin  in  that  histidine  is 
present  among  the  bases  and  that  it  is  therefore  more  complete.  We 
have  in  pollen,  therefore,  a  series  that  may  represent  3  stages  of  protein 
development. 
Native  compound  proteose  (N  =  5.4%)  — > 

Albumin  (-histidine)  — ►  glutelin. 
1  This  Journal,  41,  670  (1919). 
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Experimental. 

1.  Proteose. — The  aqueous  extracts  of  ragweed  pollen,  after  the 
removal  of  coagulable  albumin  by  heating  and  filtering,  contain  an  ap- 
preciable quantity  of  proteose-like  material  which  can  be  precipitated 
by  saturation  with  ammonium  sulfate.  As  we  observed  considerable 
loss  of  material  by  dialysis,  we  thought  we  might  procure  a  representative 
analysis  on  the  material  which  had  not  been  subjected  to  this  treatment. 
The  material1  precipitated  at  5/10-10/10  saturation  was  therefore  re- 
dissolved  in  water  and  reprecipitated  with  alcohol.  In  this  condition  a 
considerable  quantity  of  ammonium  sulfate  was  present  in  the  final 
product.  It  was,  therefore,  redissolved  and  a  slight  excess  of  barium 
hydroxide  solution  was  added  and  the  ammonia  was  removed  at  40  °. 
The  precipitation  was  then  made  quantitative  and  after  removal  of  the 
barium  sulfate,  the  proteose  solution  was  evaporated  to  dryness  in  a  weighed 
flask. 

The  subsequent  analysis  gave  such  low  results  that  we  proceeded  to 
study  the  dialysed  sample2  of  the  entire  proteose  product  obtained  in 
the  first  pollen  extraction,  which  had  been  purified  by  a  lengthy  dialysis. 
The  results  were  of  the  same  nature  and  prove  the  conjugated  nature 
of  this  substance.  Both  products  gave  a  strong  Molisch  test.  The  fact 
that  the  analysis  of  the  second  product  gave  higher  results  than  the 
first  indicates  the  admixture  in  the  total  proteose  of  more  protein.  This 
is,  of  course,  precipitated  at  lower  saturations  and  is  less  extensive  in  the 
first  sample. 

(a)  A  sample  of  the  undialyzed  proteose  (which  had  been  prepared 
by  precipitation  between  5/10-10/10  saturation  with  ammonium  sulfate) 
weighing  4 .4258  g.,  and  equivalent  to  3.3595  g.  ash  and  moisture-free, 
was  hydrolyzed  for  48  hours  with  100  cc.  of  20%  hydrochloric  acid. 
(Amino  N  =  4.48  and  4.39%.)  The  hydrolysis  solution  was  subjected 
Analysis  of  Proteose,  5/10-10/10. 

Pound. 

Total  Nitrogen 5 .45             5 .42 

Amide  N 0.45 

HuxninN 0.56 

ArgmineN 0.48 

Cystine  N 0.00 

HistidineN 0.00 

Lysine  N 0.71 

Mono  Amino  N 2.47              2.55 

Total  Filtrate  N 3 .08 

Non  Amino  N 

•Calculated. 
1  Loc.  cit.t  p.  679. 
*  Ibid.,  p.  676. 
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Average. 

Parts  per  IO 

6.01 

6.00 

IOO.OO 

.... 

0.35 

5.83 

.... 

0.57 

950 

O.67 

II. 17 

O.OO 

O.OO 

.... 

O.OO 

O.OO 

.... 

O.86 

14.33 

2.92 

2.92 

48.67 

364 

355* 

0.63 

IO.05 

to  the  Van  Slyke  process,  with  the  results  tabulated  below.  These  re- 
sults are  corrected  for  the  solubilities  of  arginine  and  lysine  phospho- 
tungstates. 

(6)  A  sample  of  dialyzed  proteose  (o  — 10/10  saturation  with  ammonium 
sulfate)  weighing  3 .  1765  g.  and  equivalent  to  2 .  7099  g.  ash-  and  moisture- 
free,  was  hydrolyzed  by  boiling  with  100  cc.  of  20%  hydrochloric  acid  for 
24  hours.  (Amino  N  =  5.6  and  5.35%.)  The  results  tabulated  be- 
low were  obtained  by  the  Van  Slyke  process  and  were  corrected  for  the 
solubilities  of  arginine  and  lysine  phosphotungstates. 

Analysis  Proteose,  0/10  to  10/10. 
Found. 

Total  Nitrogen 6 .00 

Amide  N o  .35 

Humin  N 0.57 

Arginine  N 0.67 

Cystine  N 0.00 

Histidine  N o  .00 

Lysine  N o  .86 

Mono  Amino 2 .92 

Total  filtrate  N 3.37 

Non  amino  N 

•  Calculated. 

2.  Glutelin. — This  protein  was  prepared  by  alkaline  extraction  from 
the  first  sample  of  pollen  studied.1  Of  this  material,  3 .  75  g.  (Moisture  = 
x8.59%;  ash  =  0.98%)  equivalent  to  3.0161  g.  was  hydrolyzed  by  boil- 
ing with  100  cc.  of  20%  hydrochloric  acid  for  about  48  hours.  (Amino 
N  =  9.09  and  9.12%.)  For  the  check  analysis  2.0856  g.,  equivalent  to 
x-6774  g.  moisture-  and  ash-free  protein,  was  used.  In  calculating  the 
results  tabulated  below  the  values  have  been  corrected  for  the  solubili- 
ties of  all  the  phosphotungstates.  We  have  persistently  encountered  low 
results  in  the  determination  of  the  total  nitrogen  of  the  filtrate  from  the 
phosphotungstates  and  this  is  a  calculated  value.     (Found  =  6.97%.) 

Analysis  Glutelin. 
Found. 

^  •»  " 

Total  Nitrogen 12 .88 

Amide  N 1.30 

Humin  N 0.84 

Arginine  N 1 .51 

Cystine  N 0.12 

Histidine  N 0.44 

Lysine  N 1 .47 

Mono  amino  N 6 .92 

Total  nitrate N 7.20 

Non  amino  N 0.28 

•  Calculated. 
1  hoc.  cil.$  p.  676. 
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3  Albumin. — The  sample  analyzed  was  prepared  from  the  second  and 
third  pollen  extractions  by  coagulation.  Of  this  3.1976  g.  (moisture  = 
10.99;  asb  =  0.0),  equivalent  to  2.8462  g.,  was  hydrolyzed  by  boiling 
with  100  cc.  of  20%  hydrochloric  acid  for  about  48  hours.  (Amino  N  = 
12.16  and  12.38%.)  In  the  table  given  below  the  total  nitrogen  of  the 
filtrate  from  the  phosphotungstates  is  calculated  by  difference,  and  a 
solubility  correction  is  made  for  only  arginine  and  lysine  phosphotungs- 
tates. 

Analysis  of  Albumin. 

Parts  per  100. 

Total  Nitrogen 15 .68  15 .63  100 .00 

Amide  N 1 .42  ...  9 .05 

HuminN 0.47  ...  3.00 

Arginine  N 1.98  1.99  12.63 

Cystine  N 0.00  ...  0.00 

Histidine  N 0.00  ...  0.00 

Lysine  N 1.68  ...  10.71 

Mono  amino  N 949*  ...  60.52 

Total  filtrate  N 10.13*  ...  

Non  amino  N 0.64  ...  4.08 

"If  the  usual  solubility  correction  is  used  this  figure  should  read  9.31%  corre- 
sponding to  59.37%  of  the  total  nitrogen.    The  non- amino  N  would  then  correspond 
to  0.82%  —  5.23%  of  the  nitrogen. 
*  Calculated. 

Percentage  of  Basic  Amino  Acids  and  of  Tryptophane. — Recalculating 
the  results  described  above,  the  hexone  bases  found  may  be  tabulated. 
We  have  furthermore  determined  the  tyrosine  present  by  the  colori- 
metric  method  of  Folin  and  Dennis.1 

The  absence  of  histidine  in  the  proteoses  and  the  albumin  is  so  com- 
plete that  it  is  impossible  to  detect  it  even  with  the  diazo  test  in  the  base 
fraction. 

Percentage  of  Amino  Acids  in  the  Ragweed  Pollen  Proteins. 

Proteose 
Proteose        (entire)                    Gluteiln. 
5/10-10/10.     dialysed.  . • .  Albumin. 

Arginine 1.48  2.08  4.69        4.70                   6.15 

Histidine absent  absent  1 .69        2 .30                 absent 

Lysine 3.70  4.48  7.66        6.6                     8.76 

Tyrosine 0.78  1.10                     4.7  2.79        2.83 

Tryptophane absent  absent                absent                       absent 

The  above  table  summarizes  the  results  of  this  study. 

Kalamazoo,  Mich. 
1  /.  Bid.  Chem.,  12,  239  (1912). 
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[CONTRIBUTION  FROM  THE  CHEMICAL  RSSBAXCB  LABORATORY,  UPJOHN  COMPANY.] 

SOME  CONSTITUENTS  OF  VIBURNUM  PRUNIFOLIUM. 

By  Frederick  W.  Heyl  and  Charles  Barkenbus.1 

Received  Jane  21,  1920. 

'  The  drug  "black  haw"  has  been  used  clinically  since  about  1870,  and  at 
the  present  time  it  retains  considerable  prestige  as  an  anti-spasmodic  in 
menorrhagia  and  dysmenorrhea.  In  this  sense  it  is  generally  spoken  of 
as  a  uterine  sedative. 

It  does  not  fall  within  the  scope  of  this  work  to  discuss  the  clinical 
reports  upon  this  drug,  but  since  this  subject  has  received  no  small  amount 
of  attention  it  appears  that  a  chemical  study  might  be  of  some  assistance 
on  this  question.  Our  present  information  is  based  largely  upon  the 
work  of  Van  Allen2  and  Sherman*  who  report  the  presence  of  (1)  a  brown 
resinous  body  of  a  bitter  taste  from  which  it  was  impossible  to  separate 
the  sugar;  (2)  a  greenish-yellow  resin,  or  neutral  substance  of  bitter  taste, 
slightly  soluble  in  water,  freely  so  in  alcohol  and  which  was  called  viburnin ; 
(3)  valeric  acid;  (4)  a  tannic  acid;  (5)  oxalic  add;  (6)  citric  add;  (7)  malic 
add;  (8)  sulfates;  (9)  chlorides  of  caldum,  magnesium,  potassium  and 
iron;  (10)  some  alkaloidal  material.  Viehoever4  found  that  the  tannins 
of  the  Viburnums  gave  a  green  color  or  predpitate  with  ferric  salts.  He 
also  isolated  valeric  add  and  made  the  copper,  zinc,  and  mercury  salts 
for  microscopic  identification.  A  trace  of  butyric  add  was  considered  to 
be  present. 

Black  haw  is  offidally  described  in  the  latest  pharmacopeia  as  the  dried 
bark  of  Viburnum  prunifolium,  "without  the  presence  or  admixture  of 
more  than  5%  of  wood  or  other  foreign  matter."  This  description  has 
probably  completely  altered  the  nature  of  the  pharmacopdal  drug  because 
it  had  previously  been  defined  as  the  dried  bark  of  the  root.  We  do  not 
know  of  any  experimental  reasons  for  this  change  and  hold  that  such  altera- 
tions are  unjustifiable  unless  at  least  some  chemical  data  can  be  produced 
to  substantiate  the  similarity.  Our  sample  of  black  haw  consisted  of  the 
dried  root  bark  of  the  authentic  drug  and  was  carefully  inspected  by  our 
colleague  Dr.  L.  H.  Harvey  to  whom  our  thanks  are  due.  It  was  collected 
in  Michigan,  and  was  picked  over  by  hand,  so  that  the  examination  was 
conducted  upon  a  sdected  sample. 

The  proximate  analysis  showed  that  the  drug  contained  7.1%  moisture 
and  7.3%  ash.    Ligroin  extracted  7.1%;  ether,  10.4%;  alcohol,  18.7%. 

1  Holder  of  The  Upjohn  Cooperative  Fellowship  at  Yale  University  (1919-1920). 
This  paper  is  based  upon  the  thesis  presented  by  Charles  Barkenbus  to  the  Faculty  of 
the  Graduate  School  of  Yale  University  in  partial  fulfillment  of  the  requirements  for 
the  degree  of  Doctor  of  Philosophy. 

*  Van  Allen,  Am.  J.  Pharm.,  $2,  439  (1880). 

<  Sherman,  Repts.  Royal  Coil.  Phys.  Lab.  Edinburgh,  6,  (1897). 

4  Viehoever,  /.  Am.  Pharm.  Assoc.,  7,  944  (191 8). 
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The  alcohol-insoluble  residue  had  the  following  composition:  crude  fiber, 
23-3%;  pentosans,  16.1%;  protein,  2.4%;  starch  5.5%;  dextrin,  0.5%. 
The  alcoholic  extract  in  which  our  interest  centers  contained  sucrose, 
0.3%;  invert  sugar,  1.8%,  and  tannin,  2.0%.  When  the  alcoholic  solution 
was  poured  inno  water  a  resin  was  obtained  to  the  amount  of  4.6%.  This 
value  when  taken  in  conjunction  with  7.1%  of  ligroin  soluble  (or  10.4% 
ether-soluble  material)  indicates  the  presence  of  a  very  considerable 
amount  of  material  which  while  being  extracted  by  these  volatile  solvents 
in  the  native  state,  does  not  make  its  appearance  later  in  the  water  insolu- 
ble resin  as  might  be  expected. 

Other  products  found  in  the  alcoholic  solution  and  soluble  in  water 
besides  the  sugars  and  tannin,  include  formic,  acetic  and  valeric  acids;  a 
non-gluoosidic,  acidic  resin  soluble  in  amyl  alcohol  which  readily  yields 
acetic  and  valeric  acids  (6.5%)  upon  saponification;  and  a  second  acidic 
resin  which  was  not  extracted  by  the  amyl  alcohol  procedure,  but  which 
yielded  8.1%  of  acetic  acid  upon  saponification.  Traces  of  salicylic  acid 
and  of  a  hydrocarbon  (m.  p.  53-54 °)  resulted  upon  saponification  of  this 
material.  While  Bourquelot's1  method  appeared  to  give  positive  results 
as  to  the  presence  of  a  glucoside,  our  exhaustive  examination  of  this  solu- 
tion proved  negative  in  this  respect.  A  trace  of  amorphous  alkaloid  is 
present. 

The  resin  insoluble  in  water  was  extracted  successively  with  ligroin, 
ether,  chloroform,  ethyl  acetate  and  alcohol.  The  fat  in  the  ligroin 
extract  yielded  a  very  large  amount  of  unsaponifiable  matter,  and  the 
chief  part  of  this  was  a  rosin-like  solid  that  could  not  be  distilled.  A  trace 
of  a  mixture  of  hydrocarbon  and  a  higher  alcohol  (m.  p.  65-72  °)  was 
present  and  also  a  beautifully  crystalline  phytosterol,  C^H^O,  that  melted 
at  186-1870  and  formed  an  acetate  melting  at  223-2240.  This  is  a  new 
phytosterol.  [a]D  =  +1150.  A  small  amount  of  a  white  crystalline 
alcohol  (m.  p.  303  °)  was  found  here.  Formic,  acetic,  caproic,  caprylic, 
myristic,  palmitic,  oleic  and  linolic  acids  were  identified  in  the  fat.  The 
absence  of  valeric  acid  here  is  interesting. 

The  ether  extract  of  the  resin  yielded  a  phytosterolin,  C»HmO«,  that 
melted  at  2900.  The  acetate  melted  at  1680.  The  chloroform  extract 
of  the  resin  consists  of  an  acidic  resin  that  yields  valeric  acid  upon  saponi- 
fication, as  does  the  ethyl  acetate  soluble  resin  (18%).  The  alcohol- 
sohible  resin  yielded  no  valeric,  but  large  amounts  of  acetic  acid  upon 
hydrolysis. 

Our  chief  interest  in  these  results  centers  in  the  various  different  forms 
in  which  acetic  and  valeric  acids  are  present  including  not  only  the  free 
acids  but  the  water  soluble  complex  esters,  and  the  resinous  esters  insoluble 

1  Arch.  Pharm.t  245,  172  (1907). 
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in  water.    A  fluid  extract  of  this  drug  offers  these  acids  for  assimilation 
in  a  great  variety  of  combinations. 

Some  of  these  valeric  ester  combinations  remind  us,  in  connection  with 
their  possible  value,  of  certain  synthetic  valerates,  such  as  Neoborayval 
(borneol  isovaleryl  glycolic  acid  ester)  or  Gynoval,  (isovaleric  ester  of 
isoborneol)  with  which  they  probably  share  the  advantage  of  passing  the 
stomach,  and  requiring  alkaline  media  for  the  liberation  of  the  valeric 
acid.  In  fact  it  becomes  incomprehensible  from  a  chemical  point  of  view 
why  a  large  number  of  simple  and  synthetic  valerates  should  remain  out 
of  the  realm  of  dispute  and  the  discussion  should  appear  to  center  upon  the 
Viburnums,  one  of  which  has  already  been  deleted  from  the  pharmacopeia. 

Experimental. 
A.  Proximate  Analysis. — Quantitative  extractions  were  made  on  the 
air-dried  drug  after  grinding  and  sieving. 

Solvent.  %. 

Ligroin  (50-60  °) 7 .05 

Ether 10 .46 

Ether  (1  io°) 9 .82 

Alcohol 18 .72 

The  proximate  analyses,  using  the  official  methods,  gave  the  results 

tabulated  below. 

%.  %. 

Moisture 7.09  Protein 2.40 

Starch  (Diastase) 5.51  Ash 7 .32 

Pentosans 16.13  Dextrin 0.52 

Crude  fiber 23 .25  Tannin  (Hide  Powder) 1 .97 

Concerning  this  proximate  analysis  it  is  to  be  observed  that  the  sum 
of  the  above  quantitative  determinations  of  the  alcoholic-insoluble  plant 
constituents  does  not  account  for  this  fraction  which  should  amount  to 
74.2%. 

Alcohol-soluble  carbohydrates  were  determined  as  follows.  250  g.  was 
extracted  with  ether,  and  the  fat-free  drug  was  then  exhausted  with  boiling 
neutral  95%  alcohol.  The  combined  alcoholic  extracts  were  concentrated 
under  diminished  pressure  to  a  small  volume  and  800  cc.  of  water  was  added. 
Then  an  excess  of  basic  lead  acetate  solution  was  added  and  the  precipitate 
was  filtered  off  and  thoroughly  washed  with  water.  The  excess  of  lead 
was  removed  from  the  filtrate  with  hydrogen  sulfide.  In  the  presence  of 
calcium  carbonate  the  filtrate  from  the  lead  sulfide  was  concentrated  at 
40-45  °  to  50  cc.  This  was  transferred  to  a  250  cc.  volumetric  flask, 
diluted  with  50  cc.  of  thymol  water  and  6.25  cc.  of  0.5  N  sodium  dihydrogen 
phosphate  solution  was  added.  Enough  0.5  N  hydrochloric  acid  was 
added  to  make  the  solution  just  acid  to  methyl  orange.  It  was  finally 
made  up  to  exactly  250  cc.  and  one  drop  of  toluene  was  added.    This 
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solution  showed  a  rotation  of  — 9.10  V.,1  at  22  °  in  a  2  dcm.  tube.  By 
the  Munson  and  Walker  process,  5  cc.  gave  0.1953  g.  of  cuprous  oxide, 
equivalent  to  1.79%  of  invert  sugar. 

Action  of  Invertase. — 200  cc.  of  the  above  solution  was  treated  with 
0.25  g.  of  invertase.  After  3  days  the  reading  in  a  2-dcm.  tube  was  con- 
stant at  — 1 1.25  °  V.,2  at  220.  5  cc.  gave  0.2180  g.  of  cuprous  oxide.  Su- 
crose, by  reduction  =  0.19%:  by  Clerget's  formula  =  0.34%.* 

Action  of  Emulsin. — 100  cc.  of  the  above  solution  was  plunged  into 
a  boiling,  water  bath  for  10  to  15  minutes  to  inactivate  the  invertase. 
The  solution  was  cooled  to  room  temperature  and  0.5  g.  of  emulsin  was 
added.  After  4  days  the  reading  in  a  2-dcm.  tube  was  constant  at  — 6.75  ° 
V.,  at  220.  5  cc.  gave  0.258  g.  of  cuprous  oxide.  These  results  indicate 
inconclusively  the  presence  of  a  small  amount  of  glucoside,  the  amount 
of  glucose  liberated  is  calculated  to  be  0.34%. 

Viburnum  was  examined  for  the  presence  of  alkaloids  and  was  found 
in  fact  to  contain  traces  of  such  material.  An  alkaloidal  assay  was  con- 
ducted by  the  process  which  is  official  for  Hyoscyatnus,*  and  15  g.  yielded 
residues  weighing  0.0393  g.  (0.0398  g.)  which  were  feebly  alkaline  and 
required  1.2  cc.  of  0.02  N  acid  (1.1  cc).  When  the  titration  was  com- 
pleted it  was  evident  that  these  residues  were  conspicuously  contaminated 
with  resin,  and  the  acid-soluble  part  was  found  to  weigh  0.0207  g.  (0.0197 
g.)  This  corresponds  to  about  0.14%  of  the  drug.  The  acid  solutions 
gave  a  positive  test  with  Mayer's  reagent. 

As  this  finding  was  unexpected  we  repeated  the  assay.  By  exhausting 
100  g.  of  the  drug  with  95%  alcohol,  concentrating  the  combined  extracts 
to  100  cc.  and  pouring  this  into  a  mixture  of  10  cc.  of  N  sulfuric  acid 
+  190  cc.  of  water,  we  obtained  an  acid  solution  of  the  alkaloids.  The 
last  traces  of  alcohol  were  removed  by  further  distillation  at  low  tempera- 
tures and  the  solution  was  made  quantitatively  to  250  cc.  Of  this  200  cc. 
of  the  clear  acid  fluid  was  exhaustively  extracted  with  ether  and  then  with 
chloroform.  The  solution  was  then  rendered  ammoniacal  but  no  pre- 
cipitation could  be  observed.  The  solution  was  exhausted  with  ether  and 
then  with  chloroform  but  the  extracts  were  not  alkaloidal  and  had  in  fact 
an  acid  reaction.  The  solution  was  then  exhausted  with  amyl  alcohol, 
first  at  room  temperature,  and  then  at  about  900.  The  cold  extraction 
yielded  a  trace  of  alkaloidal  material.  It  required  between  0.6  and  1.1 
cc.  of  0.05  N  acid,  and  gave  a  positive  test  with  Mayer's  reagent.  The 
hot  amyl  acoholic  extraction  likewise  required  0.44  cc.  of  0.1  N  acid.  The 
1  Valenta  number. 
1  AU  polariscopic  readings  were  corrected  by  proper  controls. 

•  As  described  later  the  drug  contains  more  sucrose  than  found  here  and  it  is  prob- 
able that  the  prolonged  alcoholic  extraction  in  the  presence  of  valeric  and  acetic  acids 
inverted  a  considerable  part. 

*  U.  S.  Pharmacopeia,  DC,  p.  225. 


Digitized  by 


Google 


174^        FREDERICK  W.  HEYL  AND  CHARLES  BARKENBUS. 

ammoniacal  liquor  was  re-acidified,  centrifuged  to  remove  resinous  pre- 
cipitation and  then  precipitated  with  an  excess  of  Mayer's  reagent  and  it 
was  evident  that  most  of  the  alkaloid  remained  in  this  solution. 

The  various  alkaloidal  fractions  were  united  in  an  acid  solution  and 
precipitated  with  Mayer's  reagent.  The  washed  precipitate  was  sus- 
pended in  water  and  decomposed  in  the  usual  manner.  The  filtrate  from 
the  mercuric  sulfide  was  concentrated.  It  yielded  a  dirty  brown  solution 
of  a  feebly  basic  nature  that  contained  nothing  crystalline.  When  in- 
jected into  guinea-pigs  it  was  not  fatal  but  did  produce  a  marked  reaction 
characterized  by  dyspnea,  stupor  and  some  paralysis  of  the  hind  quarters. 
This  condition  lasted  about  an  hour. 

B.  Complete  Examination  of  Alcoholic  Extract — For  this  purpose 
29.48  kg.  was  exhaustively  percolated  with  cold  methyl  alcohol.  The 
percolate  (177.9  liters)  was  concentrated  under  diminished  pressure  to 
4.74  liters,  giving  a  dark  green  viscid  syrup.  This  was  shaken  into  50 
liters  of  distilled  water.  On  standing  for  several  days  a  green  viscid  resin 
separated  but  a  brown  amorphous  solid  remained  suspended  in  the  aqueous 
layer  which  was  decanted.  The  resin  was  washed  with  water,  and  the 
solutions  combined.    The  resin  amounted  to  1358  g.  or  4.6%  of  the  drug. 

The  Examination  of  the  Water  Soluble  Constituents. — The  aqueous 
solution  was  concentrated  to  a  volume  of  12  liters  under  reduced  pressure. 
The  acid  distillate  was  rendered  alkaline  and  concentrated  to  a  small 
volume  acidified  and  steam  distilled,  and  this  distillate  was  extracted  with 
ether,  which  extracted  53  g.  of  liquid  acid.  These  were  fractionally  dis- 
tilled and  collected  in  4  fractions  (1)  140-155°,  (2)  155-165  °,  (3)  165-170°, 
(4)  170-175°.  The  first  fractions  were  small  while  the  chief  fraction 
consisted  of  pure  valeric  acid  which  was  further  identified  by  the  silver 
salt. 

Calc  for  dHfOiAg:  Ag,  51 -37-    Found:  51.31. 

The  lower-boiling  fractions  contained  small  quantities  of  acetic  acid. 
Fraction  1  was  converted  into  the  silver  salt  and  the  most  soluble  part  as 
well  as  the  less  soluble  part  were  analysed. 

Found:  Ag,  57.0,  51.5. 

The  steam  distillate  from  which  valeric  acid  had  been  extracted  yielded 
smaller  quantities  of  acetic  acid. 

Calc.  for  CsHsOtAg:  Ag,  64.6.    Found:  64.0. 

The  concentrated  main  solution  was  freed  from  the  brown  amorphous 
material  by  filtration,  and  was  then  extracted  repeatedly  with  ether. 
This  fraction  (39.4  g.)  separated  upon  concentration  a  small  quantity  of 
phytosterolin  (0.2  g.).  It  melted  at  280°.  Subsequent  examination  of 
the  ether  yielded  nothing  definite. 

Chloroformic  extractions  of  the  aqueous  layer  yielded  about  30  g.  of  a 
green  smear  from  which  nothing  was  isolated. 
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.  The  water  solution  was  now  repeatedly  exhausted  with  warm  axnyl 
alcohol  of  which  the  first  extraction  (after  washing  several  times  with 
water)  was  concentrated  to  a  dark  brown  syrup,  which  proved  to  be 
miscible  with  water.  It  was,  therefore,  diluted  with  1.5  liter  amyl  alcohol 
and  repeatedly  washed  in  a  mechanical  shaker  to  remove  soluble  sugars, 
but  after  many  extractions  the  aqueous  layer  continued  to  give  a  positive 
test  with  Fehling's  solution.  The  washed  amyl  alcoholic  solution  was 
concentrated  under  reduced  pressure  to  a  syrup,  and  the  last  traces  of  the 
solvent  removed  by  blowing  steam  through.  The  residue  was  taken  up 
in  60%  alcohol  and  made  up  to  a  volume  of  iooo  cc.  (133.8  g.)  When 
an  aliquot  of  this  solution  (250  cc.)  was  hydrolyzed  by  refluxing  for  8 
hours  with  5%  sulfuric  acid,  there  was  an  increased  reducing  action  by 
Fehling's  test  but  it  was  impossible  to  prepare  an  osazone  from  this  hydrol- 
ysis mixture  in  the  usual  manner. 

250  cc.  (33.5  g.)  was  heated  in  the  presence  of  10%  of  potassium  hy- 
droxide, the  alcohol  was  removed  by  distillation  and  then  after  acidifying 
and  subjecting  to  steam  distillation  a  quantity  of  a  mixture  of  valeric 
and  acetic  acids  were  obtained  equivalent  to  1 8. 1  cc.  of  N  sodium  hydroxide 
solution.    These  acids  were  identified  as  silver  salts. 

Ether  soluble  adds  found:  Ag,  51.5.    Water  soluble  adds  found:  Ag,  62.6. 

Considering  these  to  be  mostly  valeric  acid  this  indicates  the  presence 
of  6.5%  in  ester  form. 

The  acid  mixture  from  which  these  volatile  acids  had  been  steam  dis- 
tilled was  examined  but  nothing  isolated. 

The  total  amount  of  material  extracted  by  amyl  alcohol  weighed  663 
g.,  equivalent  to  2.2%  of  the  drug.  These  amyl  alcohol  extracts  gave  a 
greenish-black  coloration  with  ferric  chloride. 

The  aqueous  liquid  which  had  been  extracted  with  ether,  chloroform 
and  with  amyl  alcohol  was  freed  from  the  latter  by  a  vigorous  steam 
distillation  and  then  divided  into  2  equal  aliquots.  One-half  was  pre- 
cipitated with  an  excess  of  basic  lead  acetate,  and  the  chocolate  brown 
precipitate  that  separated  was  filtered  off  after  several  days.  The  pre- 
cipitate was  suspended  in  water  and  decomposed  with  hydrogen  sulfide 
but  it  contained  nothing  of  interest  except  for  the  separation  of  a  small 
quantity  of  calcium  oxalate  and  a  larger  amount  of  tannin.  The  solution 
with  ferric  chloride  gave  a  dark  green  coloration  that  turned  to  a  black 
precipitate  and  it  gave  a  heavy  precipitate  with  gelatin  solution. 

The  filtrate  from  the  lead  tannate  was  freed  from  lead  with  hydrogen 
sulfide  and  concentrated  at  40-45  °  to  a  volume  of  800  cc.  This  thick 
cherry-red  syrup  was  allowed  to  stand  for  weeks  but  nothing  crystalline 
separated.  It  was  then  taken  to  dryness  and  exhausted  with  alcohol  but 
these  solutions  failed  to  crystallize  under  any  conditions. 

All  this  material  was  united,  the  alcohol  was  removed,  and  then  the 
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residue  was  taken  up  in  water  and  made  to  exactly  iooo  cc.  with  a  little 
toluene. 

This  solution  gave  no  precipitate  with  phosphotungstic  acid,  nor  with 
mercuric  acetate  solutions. 

From  6.5  cc.  of  the  solution  we  obtained  1.47  g.  of  d-phenyl  glucosozone 
which  melted  at  about  207  °. 

A  trace  of  pentose  sugars  was  found,  since  10  cc.  gave  0.0457  {>•  °f 
phloroglucide     (0.03%.) 

Inasmuch  as  the  preliminary  test  for  glucoside  by  Bourquelot's  method 
had  indicated  the  possible  presence  of  such  a  substance  here,  we  subjected 
this  fraction  which  had  been  purified  by  the  removal  of  2.2%  of  the  drug 
by  amyl  alcohol  to  a  second  quantative  investigation. 

10  cc.  of  syrup  (147  g.  drug)  was  diluted  to  100  cc.  and  10  cc.  (14.7  g.)  gave  0.5987 
g.  of  total  solids  dried  at  ioo°,  and  0.0175  g.  ash. 

5  cc.  (7.35  g.)  gave  0.2053  &•  of  CuiO  =  0.0946  g.  of  invert  sugar. 
5  cc  inverted,  gave  0.3850  g.  of  Cu»0  =  0.0783  g.  of  sucrose. 

The  solution  (1000  cc.)  therefore  contained  approximately  598.7  g.  of 
solids,  of  which  17.5  g.  was  ash;  189.2  g.  was  invert  sugar  and  156.6  g.  was 
sucrose.  The  unaccounted  material  amounted  to  about  241 .6  g.  In  other 
words  the  total  solids  amounted  to  4.07%  while  the  invert  sugar  equalled 
1.29%  (1.2)  and  the  sucrose  1.07%  (0.94). 

In  order  to  find  out  whether  a  part  of  the  unaccounted  for  material 
might  be  a  glucoside,  we  repeated  the  analysis  by  the  biological  method. 
It  will  be  remembered  that  this  solution  no  longer  contains  the  amyl 
alcohol  soluble  fraction  which  had  a  high  reducing  action  on  Fehling's 
solution.  For  this  purpose  a  solution  was  prepared  containing  16.9  cc. 
of  the  syrup  (250  g.  drug)  +150  cc.  thymol  water  +6.25  cc.  of  0.5  N 
sodium  phosphate  solution  and  sufficient  0.5  N  hydrochloric  acid  to  make 
the  solution  just  acid  to  methyl  orange.  The  final  volume  was  exactly 
250  cc, 

(a)  Direct.  Rotation  in  a  2-dcm.  tube  at  21  °  =»  — 1.370  V.  5  cc  gave  0.1383  g. 
of  CuiO  «  0.0627  g.  of  invert  sugar  *■  1.25%. 

(b)  Action  of  Invertase.  200  cc.  of  the  solution  +  0.25  g.  of  invertase  after  standing 
5  days  gave  a  reading  of  — 5.10  V.  in  a  2-dcm.  tube  at  21.5 °.  5  cc.  gave  0.2171  g.  of 
CusO.    Sucrose,  by  reduction  «=  0.7%;  by  Clerget's  formula  «=  0.75%. 

(c)  Action  of  emulsin.  100  cc.  of  the  solution  was  plunged  into  a  boiling  water 
bath  for  10  to  15  minutes,  cooled  to  room  temperature  and  0.5  g.  of  emulsin  added. 
The  reading  was  difficult  to  take  but  averaged  — 3.5  °  V.  at  22  °  in  a  2-dcm.  tube.  5  cc. 
gave  0.239  g-  of  CuiO. 

This  change  in  rotation  again  indicates  the  liberation  of  glucose  and 
there  is  an  increase  of  0.02 19  g.  of  Cu20  (for  5  g.  of  drug).  This  is  equiva- 
lent to  0.182  g.  of  glucose  per  100  g.  of  viburnum. 

It  was  now  attempted  to  remove  the  sugars  by  fermentation1  and 
1  Fischer  and  Thierfelder,  Ber.t  27,  2031  (1894). 
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200  cc.  of  syrup  (119.7  g-  °f  solids)  containing  36.5  g.  of  invert  sugar  and 
31.3  g.  of  sucrose  was  diluted  and  titrated  to  alkalinity  with  N  potassium 
hydroxide  solution  using  phenolphthalein,  and  then  one  drop  of  phosphoric 
acid  was  added.  To  this  solution  300  cc.  of  yeast  decoction  was  added 
for  nutrient  material.  This  solution  was  filtered  through  porcelain  and 
the  sterile  filtrate  was  inoculated  with  yeast.1  It  fermented  rapidly  and 
was  clarified  with  lead  subacetate,  filtered  and  concentrated  to  250  cc. 
after  removing  the  excess  of  lead. 

The  material  left  was  an  uncrystallizable  resin,  characterized  by  an 
ester-like  structure  rather  than  a  glucosidic  one.  When  prepared  in  the 
dry  condition  it  was  not  hygroscopic;  had  a  bitter  taste  and  had  some 
reducing  action  upon  Fehling's  solution. 

17.8  g.  was  heated  upon  the  steam  bath  with  25  cc.  of  6  N  sodium  hydroxide  solu- 
tion for  about  6  hours,  acidified  and  steam  distilled.  The  distillate  required  24.0  cc 
of  1  N  potassium  hydroxide  solution  for  neutralization,  equivalent  to  8.1%  of  acetic 
acid.  (Ag,  63.5%). 

A  further  quantity  of  the  original  syrup  was  fermented  as  above  de- 
scribed and  after  clarifying  with  lead  subacetate  and  subsequent  removal 
of  the  excess  of  this  reagent  with  hydrogen  sulfide,  the  solution  was  con- 
centrated, poured  upon  purified  sawdust  and  dried.  This  was  fractionally 
extracted  with  absolute  ethyl  acetate,  and  then  with  absolute  alcohol  and 
many  fractions  separately  concentrated,  but  nothing  crystalline  was 
found  beyond  a  few  straggling  needles  in  the  first  ethyl  acetate  fraction. 

All  the  fractions  were  united,  dissolved  in  water,  and  concentrated  to 
remove  traces  of  alcohol  and  ethyl  acetate  and  then  hydrolyzed  in  the 
presence  of  10%  sodium  hydroxide  solution. 

The  solution  was  acidified  and  steam  distilled,  to  remove  quantities  of 
valeric  and  acetic  acids.  The  acid  residue  in  the  flask  was  agitated  with 
large  volumes  of  ether,  which  in  turn  was  fractionally  extracted  with 
solutions  of  ammonium  carbonate,  sodium  carbonate,  and  sodium  hydrox- 
ide. From  the  first  of  these  a  small  quantity  of  salicylic  acid  was  isolated 
that  melted  at  1 53-1 54  °  and  gave  a  violet  coloration  with  ferric  chloride. 
From  the  ether  solution  of  the  neutral  substances  a  quantity  (0.2  g.)  of  a 
hydrocarbon  was  isolated.  After  several  crystallizations  from  alcohol  the 
melting  point  was  elevated  from  48-51  °  to  53-54  °. 

Calc  for  ChHm:  C,  85.2;  H,  14.7.    Found:  C,  84.5;  H,  14.5. 

The  material  appears  to  be  heptacosane.3 

An  acid  hydrolysis  yielded  nothing  interesting. 

The  Examination  of  the  Resin. — The  resin  (1358  g.)  was  dissolved  in 
1  We  are  indebted  to  Dr.  Ralph  E.  Lee  of  the  Fleischmann  Company  for  kindly 
supplying  this  material. 

*  The  possibility  of  contamination  presents  itself  because  of  the  difficulty  of  ac- 
counting for  this  substance  here. 
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wood  alcohol  and  poured  upon  purified  sawdust  and  dried.    The  entire 
material  was  extracted  with  the  following  results: 

G. 

Petroleum  ether  (40-60  °) 348 

Ether 104 

Chloroform 245 

Ethyl  Acetate 365 

Alcohol 168 

Total > 1230 

During  the  extraction  128  g.  had  become  insoluble,  through  alteration, 
possibly  of  the  nature  of  oxidation. 

The  Ligroin  Extract. — This  extract,  amounting  to  348  g.,  was  dis- 
solved in  ether  and  extracted  with  10%  sodium  hydroxide  solution.  The 
alkaline  solution  was  acidified  and  shaken  with  ether,  whereupon  a  pre- 
cipitate insoluble  in  either  layer  separated  and  produced  an  emulsion 
which  was  broken  by  filtration.  The  green  solid  that  separated  (1.0  g.) 
was  hydrolyzed  with  dil.  alcoholic  sulfuric  acid  in  the  presence  of  chloro- 
form, whereupon  most  of  the  material  became  converted  into  a  brown 
amorphous  product,  but  from  the  chloroform  solution  a  residue  was  ob- 
tained that  crystallized  gelatinously  from  ethyl  acetate  after  treating  with 
boneblack  and  concentrating.  With  great  difficulty  this  substance  was 
finally  obtained  as  beautiful  white  silky  needles  (0.1  g.)  from  absolute 
alcohol.  It  melted  at  303  °  to  a  clear  oil  and  perhaps  belongs  to  the  class 
represented  by  oleanol.1  We  attempted  to  acetylate  this  product  by  heat- 
ing with  acetic  anhydride  in  the  presence  of  pyridine  but  this  did  not 
proceed  smoothly  and  we  obtained  a  mixture  of  substances.  From  the 
reaction  mixture  upon  cooling  a  separation  of  small  plates  that  melted  at 
340-350  °  took  place.  Upon  concentrating  gradually  a  syrup  finally  re- 
sulted which  could  be  crystallized  from  alcohol.  On  recrystalliz&tion, 
needles  were  obtained  that  melted  at  1 76-1 78  °  and  effervesced  at  1900. 
We  attempted  no  analysis  on  account  of  these  small  fractions. 

The  ether  solution  of  acidic  substances  was  extracted  with  solutions  of 
ammonia  carbonate,  sodium  carbonate,  and  sodium  hydroxide.  The 
sodium  carbonate  extracted  a  quantity  of  free  acids  and  these  were  studied 
later.    The  other  solvents  yielded  nothing  crystalline. 

While  shaking  with  sodium  hydroxide  solution,  the  neutral  layer  separ- 
ated 2.0  g.  of  material  from  which  phytosterolin  melting  at  2800  was 
readily  isolated. 

The  ether  solution  of  the  neutral  substances  was  saponified  by  boiling 
for  8  hours  with  10%  alcoholic  potassium  hydroxide  and  the  unsaponi- 
fiable  material  separated  with  ether. 

Examination  of  the  Unsaponifiable  Matter.— The  dried  solution 
1  /.  Chem.  Soc.,  93,  891  (1908). 
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yielded  176  g.  of  a  brownish-red  semi-solid  mass.  It  was  dissolved  in 
absolute  alcohol  and  a  trace  (0.05  g.)  of  a  mixture  of  hydrocarbon  and 
higher  alcohol  separated  that  melted  at  65-72  °.  The  solution  was  con- 
centrated sharply  and  after  prolonged  standing  13  g.  of  fine  needles 
separated.  This  was  subjected  to  a  systematic  fractional  crystallization 
and  the  fractions  analyzed. 

Found:  (I,  m.  p.  182  °)  C,  839;  H,  11.6:  (IV,  m.  p.  181  °)  C,  837;  H,  11.4. 

The  results  indicate  the  presence  of  a  predominant  amount  of  phytosterol 
agreeing  in  composition  for  that  required  by  the  common  formula  C^H^O. 

The  material  was  acetylated  and  the  resulting  acetyl  derivatives  frac- 
tionally crystallized  from  ethyl  acetate  and  alcohol.  The  top  fraction 
melted  at  223-224 °.  It  was  saponified  with  alcoholic  potassium  hydroxide, 
and  the  recovered  phytosterol  after  recrystallization  now  melted  at  186- 
1870  and  had  a  specific  rotation  in  chloroform  of  +1150. 

Calc.  for  CjtRhO:  C,  83.9;  H,  11.9.    Found:  C,  83.9;  H,  11.5. 

This  alcohol  when  dissolved  in  chloroform  and  acetic  anhydride  gave  a 
play  of  colors  upon  the  addition  of  sulfuric  acid  resulting  in  red,  purple 
and  finally  brown.  When  moistened  with  concentrated  sulfuric  acid  it 
assumed  an  orange-red  color  which  disappeared  upon  dilution  with  water. 
These  color  reactions  are  similar  to  those  described  by  Power  and  Tutin1 
for  oleasterol. 

Prom  the  mother  liquors  of  the  acetate  that  melts  at  223-2240,  a  quan- 
tity of  an  acetate  was  obtained  that  melted  at  200-203  °.  It  was  hydro- 
lyzed  and  an  impure  phytosterol  fraction  was  obtained.  It  was  repeatedly 
crystallized  but  did  not  melt  sharply  at  168-172  °.  It  showed  a  specific 
rotation  of  +96.7  °  and  probably  consisted  largely  of  the  same  material 
as  the  pure  compound  first  described.    (C,  83.3;  H,  11.5.) 

The  alcoholic  mother  liquors  were  subjected  to  a  fractional  distillation 
and  we  obtained  a  non-distillable  solid  and  brittle  residue  amounting  to 
about  125  g.    The  material  that  distilled  was  recovered  as  follows. 

Fraction  I.  (b.  p.  100-1800  at  28  mm.)  This  was  an  orange  limpid 
liquid  with  aromatic  odor  and  weighed  2  g. 

Fraction  II.  (b.  p.  180-2100  at  25  mm.)  A  thick  syrupy  liquid 
weighing  5.7  g. 

Fraction  III.  (b.  p.  210-2500  at  25  mm.)  This  was  a  dark  red  viscid 
liquid  which  solidified  to  a  varnish-like  mass  on  cooling. 

It  should  be  pointed  out  that  35.9%  of  the  ligroin  extract  consisted  of 
the  non-distillable  unsaponifiable  resinous  matter  as  this  is  unusual. 

Examination  of  the  Volatile  Fatty  Acids. — The  alkaline  solution  from 
which  the  above  described  unsaponifiable  matter  had  been  extracted 
with  ether  was  acidified  and  steam  distilled,  and  the  volatile  fatty  acids 
lLoc.  cti. 
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were  likewise  recovered  from  the  acids  that  occurred  free  in  the  fat.  The 
distillate  was  made  alkaline  and  concentrated,  acidified  and  extracted 
with  ether.  These  acids  were  separated  by  means  of  their  silver  salts 
which  were  fractionally  precipitated. 

Fraction     i.    Calc.  for  CuHnO»Ag:  Ag,  32.24.    Found:  31.94. 
Fraction   II.    Calc.  for  CsHwOjAg:  Ag,  43.03.     Found:  42.5. 
Fraction  III.    Calc.  for  C6HnOiAg:  Ag,  48.3.       Found:  48.4. 

This  material,  therefore,  consists  of  a  mixture  of  caproic,  caprylic  and 
myristic  acids. 

The  aqueous  liquid  from  which  the  above  described  acids  had  been 
ether-extracted  consisted  chiefly  of  formic  acid  with  a  trace  of  acetic 
acid. 

Examination  of  the  Non-Volatile  Fatty  Acids. — The  acid  mixtures 
which  had  been  steam  distilled  were  cooled  and  extracted  with  ether  and 
the  fatty  acid  fractions  were  united.  50  g.  was  distilled,  and  the  dis- 
tillate collected  in  2  fractions;  (a)  b.  p.  1 95-230 °  at  23  mm.  weighing  21.5 
g.,  showed  an  iodine  number  of  23.8,  (fc)  b.  p.  230-265 °  at  23-60  mm. 
weighed  11. 5  g.  and  had  an  iodine  number  of  82.0.  The  residue  in  the 
distillation  flask  was  considerable. 

The  distillates  were  united  and  the  solid  and  liquid  acids  were  separated 
by  the  lead  salt  method.  From  23  g.  there  was  obtained  7  g.  of  liquid 
acids  (30%)  while  14.8  g.  of  solid  acids  (64%)  was  recovered. 

The  solid  acids  were  prepared  in  larger  quantity  and  material  having 
an  iodine  number  of  15.5  to  19.3  was  obtained  and  this  was  subjected  to  a 
systematic  fractional  crystallization.  The  top  fractions  were  palmitic 
acid  (m.  p.  60-6 1°). 

Calc.  for  CieHaO*:  C,  75.0;  H,  12.5;  N.  V.,1  219.1.  Found:  C,  75.0;  H,  12.35; 
N.  V.,  219  2. 

The  lower  fractions  consisted  essentially  of  palmitic  acid  with  a  small 
amount  of  myristic  acid.    The  fourth  fraction  melted  at  49  °. 

Calc.  for  Ci4H«Os:  C,  73.7;  H,  12.3;  N.  V.,  246.1.  Found:  C,  74.1;  H,  12.2; 
N.  V.,  221.4. 

The  liquid  acids  were  prepared  in  larger  quantities  and  converted  into 
their  methyl  esters  by  the  method  of  Phelps  and  Phelps*  and  of  these  102 
g.  were  distilled.  These  boiled  at  185-280  °  at  15  mm.,  the  lower  fractions 
contained  some  palmitic  ester.  The  unsaturated  esters  boiled  chiefly  at 
205-280 °  at  15  mm. 

Calc.  for  Ci7Hi»COOCHs:  C,  770;  H,  12.2;  iodine  No.,  85.1.  Calc  for  d7Hti- 
COOCH*:  C,  7755;  H,  ix.6;  iodine  No.,  172.8.  Found:  C,  77.7;  H,  11.5;  iodine  No., 
95-106. 1. 

The  liquid  acids,  therefore,  consist  of  linolic  and  oleic  acids. 

1  Neutralization  value. 

'  Am.  J.  Set.,  24,  194  (1907). 
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The  Ether  Extract  of  the  Resin,  upon  standing  deposited  25.5  g.  of  a 
green  solid.  From  this  precipitate  phytosterolin  was  readily  obtained  by 
crystallization  from  dilute  pyridine.    It  melted  at  290 °. 

Cak.  for  CaHitO#:  C,  72.3;  H,  10.2.    Found:  C,  72.6;  H,  10.4. 

The  material  gave  the  characteristic  color  tests  and  was  converted  into 
its  acetyl  derivative  that  melted  at  168  °. 

A  systematic  examination  of  the  ethereal  filtrate  yielded  nothing 
crystalline. 

The  Chloroform  Extract  of  the  Resin  was  divided  into  several  parts, 
one  of  which  was  systematically  examined  by  extraction  with  the  usual 
alkaline  solutions,  but  nothing  was  isolated.  When  subjected  to  acid 
hydrolysis  with  dil.  alcoholic  5%  sulfuric  acid  it  was  shown  to  be  non- 
glucosidic,  but  no  definite  products  resulted. 

This  extract  is  characterized  by  its  ester-like  structure  and  readily 
yielded  valeric  add  upon  alkaline  hydrolysis.  It  amounted  to  7.2%  of 
the  resin  and  was  identified  as  silver  valerate.  (Ag,  51.5%)  No  acetic 
acid  was  found. 

The  hydrolysis  solution  from  which  valeric  acid  had  been  removed  by 
distillation  was  examined,  but  with  the  exception  of  a  minute  quantity 
(0.05  g.)  of  a  crystalline  product  that  melted  at  99-102  °  nothing  was 
found.  This  material  occurred  in  the  ammonium  carbonate  extract  of  the 
ether  soluble  fraction. 

The  Ethyl  Acetate  Extract  of  the  Resin  could  not  be  directly  crystal* 
lized.  It  constantly  underwent  spontaneous  alteration  leading  to  the 
precipitation  of  increasing  amounts  of  insoluble  amorphous  material. 
The  insoluble  material  proved  to  be  soluble  in  alcohol  but  was  not  crystal- 
line. Acid  hydrolysis  gave  no  crystalline  products  but  an  hydrolysis  with 
10%  alcoholic  potash  yielded  large  quantities  of  valeric  acid.  Calculated 
on  the  basis  of  titration  values  found  in  the  steam  distillate  it  amounts  to 
18.5%  of  the  resin  that  remained  soluble  in  ethyl  acetate.  It  was  readily 
identified  as  the  silver  salt.  (Ag,  51.6%.)  This  resinous  material  is  an 
acidic  resin. 

The  Alcohol  Extract  of  the  Resin  was  systematically  examined  but 
yielded  nothing  of  interest  except  when  subjected  to  alkaline  hydrolysis 
it  yielded  large  quantities  of  acetic  acid  (Ag,  64.4%)  and  practically  no 
valeric  acid. 

Kax^vaxoo,  Mich. 
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NEW  BOOKS. 

Elektrochemisches  Praktikum.    By  Dr.  Erich  MOixbr,  Professor  and  Director  of 
the  Laboratory  of  Electrochemistry  and  Physical  Chemistry;  with  an  introduc- 
tion by  Dr.  Fritz  Foerster,  Geheimer  Hofrat,  Professor  and  Director  of  the  Lab- 
oratory of  Inorganic  Chemistry,  both  at  the  Technische  Hochschule,  Dresden. 
Second  Edition.    240  pages,  24  figures,  31  diagrams.    Theodor  Steinkopff,  Dresden, 
1919.    23  X  15  cm. 
This  excellent  manual  of  electrochemistry  deserves  a  much  wider  recog- 
nition in  this  country  than  it  now  enjoys.    Although  written  by  Dr. 
MfiUer,  it  had  its  origin  in  a  set  of  laboratory  exercises  prepared  jointly 
with  Dr.  F.  Foerster,  for  a  class  in  electrochemistry  at  the  Technische 
Hochschule  in  Dresden.    The  book  contains  directions  for  some  70  ex- 
periments, one-half  of  which  deal  with  electrochemical  theories  and  one- 
half  with  applications  of  these  theories.    The  principles  involved  in  each 
experiment  are  brought  out  clearly  by  a  preliminary  discussion  and  the 
directions  for  the  execution  of  the  experiments  are  straightforward  and 
complete.    They  have  evidently  survived  the  ordeal  of  actual  use.    In 
connection  with  the  experiments  are  given  references  to  the  excellent 
text-book  of  Foerster  "Elektrochemie  der  waesserige  Loesungen,"  Second 
Edition. 

The  experiments  illustrating  the  applications  of  electrochemistry 
cover  electroanalysis,  electroplating,  the  preparation  of  inorganic  and 
organic  substances  by  electrolysis,  the  preparation  of  inorganic  sub- 
stances by  electrothermal  methods.  Even  these  experiments  are  not  mere 
directions  for  securing  the  desired  end,  but  in  each  case  involve  a  careful 
study  of  the  process  itself.  The  experiments  on  the  electrolysis  of  chlo- 
ride solutions  are  especially  illuminating  and  instructive. 

The  second  edition  differs  but  slightly  from  the  first,  the  only  important 
addition  being  a  study  of  the  current  and  energy  capacities,  the  efficiency 
and  the  shelf-life  of  the  dry-cell.  Arthur  B.  Lamb. 

A  Treatise  on  Qualitative  Analysis.  Adapted  for  Use  in  Laboratories  of  Colleges  and 
Technical  Institutes.  By  Frank  Clowes,  D.Sc.,  Lond.,  and  J.  Bernard  Cols- 
man,  A.R.C.Sc.,  Dublin.  9th  Edition.  1920.  J.  &  A.  Churchill,  London, 
pp.  xiv  +  400.    $5.00  net. 

The  present. edition  of  this  well-known  work  has  been  "rewritten,  re- 
cast and  enlarged  in  order  to  adapt  it  to  modern  methods  of  teaching," 
besides  having  an  altered  style  and  size  of  paper  which  makes  it  conform 
to  the  Quantitative  Analysis  by  the  same  authors.  The  tables  for 
systematic  analysis  are  so  arranged  across  the  page  that  it  is  not  neces- 
sary to  turn  the  book  while  the  tables  are  being  consulted.  Besides  the 
usual  inorganic  reactions  for  metals  and  acid-radicals,  considerable  space 
(pp.  174-240)  is  given  to  the  reactions  and  detection  of  typical  organic 
substances.  There  is  evident  a  painstaking  endeavor  to  make  everything 
easy  for  the  student  by  abundant  cross  references,  but  it  is  to  be  feared 
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that  their  very  multiplicity  will  defeat  their  purpose.  The  rather  lengthy 
and  detailed  description  of  ordinary  operations  seems  to  be  intended  for  a 
course  without  instructors,  and  aims  at  meeting  conditions  which  do  not 
prevail  in  this  country.  The  space  taken  in  a  text-book  (pp.  331-383)  to 
describe  in  detail,  "Laboratory  Fittings,  Apparatus,  Chemicals,  Reagents 
and  Test  Substances,"  would  seem  of  more  use  to  an  instructor  and  supply- 
room  man  than  to  a  student.  The  book  will  be  of  interest  and  value  to 
industrial  chemists  as  well  as  to  students.  The  printing  is  good;  the 
illustrations  abundant,  though  some  are  antiquated.  The  methods  of 
analysis  are  all  tested  by  experience,  though  one  notes  the  omission  of 
several  modern  methods  that  are  standard.  That  the  book  has  an  appeal 
to  analysts  and  students  is  evidenced  by  the  fact  that  nine  editions  have 
been  printed  since  its  first  appearance.  Gbo.  L.  CoylB,  S.  J. 

Die  Bedeutung  dcr  KoUoide  flir  die  Technik.  3rd  revised  edition.  By  Professor 
Dr.  Kurt  Arndt,  Privatdozent  at  the  Technische  Hochschule,  Berlin.  Theodor 
Stemkopff,  Dresden.    53  pp.    15  X  22  cm.    $0.50. 

The  first  edition  of  this  little  book  appeared  in  1909,  and  its  purpose 
was  to  state  in  simple  and  non-technical  language  some  of  the  very  numer- 
ous instances  in  which  colloids  play  important  roles  in  the  industries.  It 
fulfilled  this  purpose  admirably,  as  its  continued  publication  eloquently 
testifies. 

The  present  (3rd)  edition  contains  many  additions,  though  it  has  wisely 
been  kept  a  small  and  simple  pamphlet.  New  chapters  on  flotation  and 
electro-osmosis  have  been  added. 

While  the  author  has  not  wholly  avoided  a  somewhat  encyclopedic 
form  of  treatment,  he  has  achieved  the  difficult  task  of  presenting  a  tech- 
nical subject  simply,  clearly,  and  interestingly.         Arthur  B.  Lamb. 

Chemistry  for  Public  Health  Students.  1st  Edition.  By  E.  Gabribi*  Jonbs,  M.Sc.» 
F.I.C.,  Lecturer  In  Public  Health  Chemistry  in  the  Univ.  of  Liverpool.  Deputy 
Public  Analyst  for  the  City  of  Liverpool.  Methuen  &  Co.,  Ltd.,  London,  1920. 
ix  +  244  pp.    23  X  19  cm. 

This  book  is  more  than  a  manual  and  guide  for  laboratory  procedure 
in  public  health  chemistry,  although  such  is  the  purpose  it  principally 
aims  to  serve.  A  considerable  amount  of  material  has  been  added  to 
each  chapter  which  will  add  to  the  student's  general  knowledge  of  the  sub- 
ject and  enlighten  him  upon  the  application  of  laboratory  findings.  It  is 
needless  to  say  that  extended  discussion  is  not  permitted  by  the  size  of 
the  volume,  and  that  amplification  will  be  necessary  in  some  sections, 
either  in  the  form  of  class  room  instruction  or  collateral  reading,  if  the 
student  is  to  properly  digest  the  material. 

The  style  adopted  by  the  author  is  one  which  makes  for  clarity  and  con- 
cise statement.  Numerous  side  headings  are  used  which  enhance  the 
value  for  continued  use  or  for  reference.    Altogether  the  book  is  very 
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readable  and  justifies  the  publication  by  bringing  together  within  its 
covers  a  great  many  methods  used  in  public  health  laboratories  and  much 
information  in  condensed  form  which  is  the  stock  in  trade  of  the  skilled 
public  health  analyst. 

In  general,  the  method  of  presentation  is  a  separation  of  the  important 
subjects,  such  as  milk,  alcoholic  beverages,  air  and  water,  into  separate 
chapters  in  which  a  few  pages  are  given  to  general  information  on  the 
subject.  This  is  followed  by  the  laboratory  determination  of  different 
constituents.  A  summarized  statement  of  the  method  is  given,  then  a 
list  of  required  apparatus  and  solutions  and  the  detailed  procedure. 
Frequent  use  is  made  of  equations  and  examples  of  calculation. 

The  first  two  chapters  of  the  book,  some  25  pages,  are  given  over  to  a 
discussion  of  the  fundamental  operations  of  quantitative  analysis.  It  is 
evident  that  English  experience  in  preparing  students  of  public  health 
chemistry  has  been  much  like  that  in  America,  in  that  it  has  found  a  ma- 
jority unfamiliar  with  the  principles  and  procedures  which  are  the  basis 
of  the  work  which  is  to  be  undertaken.  The  author  begins  with  de- 
tailed directions  for  the  use  of  the  balance  and  gives  numerous  rules  and 
precautions  to  be  observed  in  its  manipulation.  .  Full  directions  are  then 
given  for  two  typical  gravimetric  determinations.  Under  the  head  of 
volumetric  analysis  is  a  brief  discussion  of  standard  solutions,  equiva- 
lent weights,  normal  solutions,  indicators,  acidimetry  and  alkalimetry. 
Greater  space  is  devoted  to  the  preparation  and  standardization  of  com- 
monly used  solutions  of  acids,  bases  and  oxidizing  substances.  These 
serve  as  typical  examples  and  care  is  taken  to  present  equations  and  calcu- 
lations. Procedures  are  also  given  to  illustrate  the  use  of  the  prepared 
solutions. 

Twenty-five  pages  are  devoted  to  the  composition,  analysis,  and  adul- 
teration of  milk.  The  composition  of  normal  milk,  the  variations  due  to 
season,  time  of  day,  and  methods  of  milking,  come  in  for  discussion. 
Excerpts  are  given  from  The  Sale  of  Milk  Regulations  of  the  British 
Board  of  Agriculture.  The  procedures  described  for  the  estimation  of 
fats,  solids,  gravity,  nitrogen  and  lactose  are  characteristic  of  the  atten- 
tion given  by  the  author  throughout  his  book  to  the  details  and  precau- 
tions of  analysis. 

There  are  certain  omissions  in  this  chapter  which  are  apparent  to  one 
familiar  with  American  practice.  No  mention  is  made  of  cream;  the 
widely  used  Babcock  method  for  fats  does  not  appear,  the  Leffmann- 
Beam  method  evidently  being  more  widely  employed  in  England;  the  cot- 
ton-disc method  for  the  rapid  comparative  estimation  of  sediment  is  not 
described. 

A  chapter  is  devoted  to  butter  and  margarine.  In  this  there  is  a  con- 
siderable discussion  of  the  manufacture  of  margarine,  the  properties 
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which  distinguish  it  from  butter,  and  the  substances  employed  for  adul 
teration  of  both  of  these  products.  Methods  of  analysis  are  given  for 
the  determination  of  water,  fat,  and  salt,  and  for  the  detection  of  preserva- 
tives and  foreign  fats  in  butter. 

There  is  a  short  chapter  dealing  with  alcoholic  beverages,  and  in  Chap- 
ter VI  ten  pages  are  devoted  to  the  composition  and  adulteration  of  cer- 
tain articles  of  food,  as  condensed  milk,  cheese,  lard,  and  honey,  to  the 
beverages  tea,  coffee,  and  cocoa,  and  to  condimental  substances,  such  as 
vinegar,  pepper,  and  spices.  Continuing  in  the  same  chapter,  the  author 
summarizes  the  microscopical  appearance  of  certain  food  stuffs  and  briefly 
discusses  food  values  and  vitamines. 

Out  of  24  pages  devoted  to  a  chapter  on  food  preservation  and  the  de- 
tection of  metallic  poisoning  in  foods,  13  pages  are  given  to  the  subject 
or  arsenic  and  its  detection.  Justification  of  the  use  of  this  space  is  evi- 
dently found  by  the  author  in  the  epidemic  of  arsenical  poisoning  from 
beer  which  was  brought  to  light  in  England  in  1900.  In  this  country  ex- 
perience has  not  shown  any  great  danger  existing  to  the  public  health 
from  such  a  source. 

The  fore  part  of  the  chapter  discusses  8  methods  of  preserving  food  and 
continues  with  the  subject  of  chemical  preservatives,  quoting  the  work 
of  Wiley  and  others  in  this  field.  Recommendations  of  the  departmental 
Committee  on  Preservatives  and  Coloring  Matters  in  Food  made  in  I901 
are  listed. 

Water  and  water  supplies  receive  attention  in  the  50  pages  of  Chapter 
VIII.  The  author  devotes  the  first  few  pages  to  a  description  of  the 
different  sources  of  water  and  the  quality  of  the  supplies  derived  from  them. 
Detailed  directions  are  then  given  for  taking  samples  of  water  for  chemical 
analysis.  Methods  are  given  for  the  determination  of  free  and  albuminoid 
ammonia,  oxygen  absorbed,  chlorine,  nitrates,  nitrites,  total  hardness, 
temporary  and  permanent  hardness,  and  for  the  detection  of  poisonous 
metals.  In  some  cases,  qualitative  as  well  as  quantitative  methods  are 
given,  and  it  is  needless  to  say  these  do  not  always  conform  to  the  standard 
methods  of  water  analysis  of  the  American  Public  Health  Association, 
but  rather  suggest  a  choice  of  methods  which  has  merit  from  the  standpoint 
of  instruction.  The  author  is  to  be  congratulated  upon  incorporating 
several  pages  of  material  on  the  interpretation  of  water  analyses.  This 
very  important  phase  of  the  subject  is  too  often  omitted  or  neglected 
not  only  in  the  text-books  but  in  the  class  room  as  well.  In  this  connec- 
tion several  typical  analyses  are  given  from  various  sources  and  interpre- 
tation is  made  of  the  quality  by  the  author. 

The  significance  of  algae  and  protozoa  and  of  the  microscopical  examina- 
tion in  general  is  given  in  this  chapter.    Water  softening  is  briefly  dis- 
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The  Analysis  of  Sewage  Effluents  is  the  subject  of  a  short  chapter,  in 
which  modifications  of  some  of  the  methods  described  under  water  analysis 
are  given.  The  importance  of  suspended  matter  and  of  disssolved  oxy- 
gen in  sewage  effluents  is  pointed  out  and  methods  for  their  determina- 
tion are  given.  The  chapter  closes  with  the  recommendations  of  the 
Royal  Commission  on  Sewage  Disposal  (1912)  in  regard  to  the  pollu- 
tion of  streams  with  sewage  aqd  sewage  effluents. 

One  of  the  best  chapters  of  the  book  is  that  dealing  with  air,  to  which 
27  pages  are  devoted.  Composition  of  normal  outdoor  air,  the  changes 
produced  by  respiration  and  combustion,  and  the  detection  of  gaseous 
impurities  are  discussed  in  turn,  and  the  author  has  given  a  very  com- 
plete list  of  gaseous  impurities  liable  to  be  encountered,  particularly  in 
the  industries,  together  with  methods  for  their  detection  and  the  permissi- 
ble limits  of  their  concentration.  In  connection  with  the  subject  of  dust, 
extracts  are  given  from  the  Report  of  the  Committee  appointed  for  the 
Investigation  of  Atmospheric  Pollution  (February,  1916). 

The  closing  chapter  is  devoted  to  disinfectants,  their  action,  detection 
and  estimation.  Directions  are  given  in  an  appendix  for  the  prepara- 
tion of  numerous  solutions.  Several  useful  tables  will  also  be  found  here. 
Following  these  are  7  pages  of  questions  and  a  bibliography  of  reference 
books. 

This  little  book  ought  to  prove  helpful  and  useful  not  only  to  students 
but  also  to  instructors  of  courses  in  sanitary  chemistry  and  public  health 
laboratory  methods.  It  is  unfortunate  that  more  care  should  not  have 
been  given  to  certain  details  of  publication.  The  uneven  margins  and 
careless  trimming  of  leaves,  which  are  conspicuous  in  the  reviewer's 
copy,  detract  seriously  from  the  true  worth  of  the  book. 

Melville  C.  Whippi^. 
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REPORT  OF  THE  INTERNATIONAL  COMMITTEE  ON  ATOMIC 
WEIGHTS  FOR  1920-21. 

Received  July  22,  1920. 

Since  the  report  of  this  committee  for  the  preceding  year  was  prepared, 
only  a  few  new  determinations  of  atomic  weights  have  been  published. 
They  may  be  summarized  as  follows. 

Fluorine. — Moles  and  Batuecas1  have  made  23  determinations  of  the 
density  of  methyl  fluoride,  CHJF.  For  the  weight  of  a  normal  liter  of 
the  gas  they  find,  in  mean,  1 .54542  g.  From  this  the  molecular  weight, 
34.024  is  deduced,  and  F  =  18.996.  This  rounded  off  to  19,  is  the  value 
already  accepted. 

Silicon. — Baxter,  Weatherill  and  Holmes,1  from  analyses  of  silicon 
tetrachloride,  find  Si  =  28.1 11.  This  determination,  however,  is  not  re- 
garded by  the  authors  as  final.  Its  acceptance,  therefore,  must  await 
confirmation,  especially  as  the  value  is  much  lower  than  that  given  in 
the  present  table  of  atomic  weights. 

Lead. — The  atomic  weight  of  isotopic  lead  from  thorium  minerals  has 
been  determined  by  Hdnigschmid.'  For  lead  from  Norwegian  thorite 
he  finds  Pb  =  207.88  to  207.92.    For  lead  from  Ceylonese  thorianite, 

1  J.  ckim.  pkys.,  17,  538  (1919). 

*  Baxter,  Weatherill  and  Holmes,  This  Journal,  42,  1194  (1920). 

*  Hanigachmid,  Z.  Elektroehem.,  25,  91  (1919)* 
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Pb  ■  206.88  to  207.24.  In  thorianite  there  ^evidently  a  mixture  of 
isotopes,  and  perhaps  also  of  normal  lead. 

Richards  and  Sameshima1  have  examined  lead  from  a  radioactive 
Japanese  mineral.  The  values  found  for  the  atomic  weight  were  207.11, 
207.12  and  207.15.  For  ordinary  lead  the  corresponding  value  was 
207.184.  The  Japanese  material,  evidently,  contained  very  little  iso- 
topic  lead. 

Tin. — In  two  papers  Brauner  and  Krepelka*  give  new  determinations 
of  the  atomic  weight  of  tin  based  upon  analyses  of  the  tetrabromide.  In 
the  first  paper,  which  is  preliminary,  they  find  Sn  =118,70.  In  the 
second,  by  Krepelka  alone,  the  value  Sn  =  118.699.  This  confirms  the 
earlier  determinations  by  Briscoe  and  by  Baxter  and  Starkweather.  The 
work  of  the  last  named  chemists  appears  in  full  in  the  same  number  of  the 
Journal.    It  was  noticed  in  our  last  report  from  a  preliminary  publication. 

Tellurium.— From  analyses  of  the  hydride,  TeHj,  Bruylants  and 
Michielsen8  find  for  tellurium  the  value  Te  =  127.73,  127.79,  and  127.4. 
The  last  value  they  reject.  As  these  determinations  are  preliminary 
they  need  no  further  consideration  now. 

Scandium. — Meyer  and  Schweig,4  after  a  study  of  methods  for  the 
purification  of  their  material,  give  determinations  of  the  atomic  weight 
of  scandium  by  the  usual  sulfate  method.  They  found  Sc  =  45.03- 
45.37,  in  mean  45.23,  but  conclude  that  the  method  is  untrustworthy. 
Honigschmid,5  with  some  of  the  same  material,  prepared  scandium  bro- 
mide and  determined  its  ratio  to  silver.  In  18  concordant  analyses  he 
found  Sc  =  45.099,  which  may  be  rounded  off  to  45.1.  This  value  is 
accepted  by  Meyer  and  Schweig,  and  should  be  adopted. 

Samarium. — The  atomic  weight  of  samarium  has  been  determined 
by  Owens,  Balke  and  Kremers8  by  analyses  of  the  anhydrous  chloride. 
From  the  mean  of  18  concordant  analyses,  Sa  «  150.43,  in  close  agree- 
ment with  the  determinations  by  Stewart  and  James,  150.44,  which  was 
noticed  in  our  report  of  last  year. 

Apart  from  the  actual  determination  of  atomic  weights  3  papers  rela- 
tive to  the  reduction  of  the  experimental  data  deserve  attention.  Guye,7 
in  one  paper,  has  discussed  the  application  of  Avogadro's  law  to  this 
problem.     In  a  second  paper8  he  has  examined  the  data  relative  to  bro- 

1  Richards  and  Sameshima,  This  Journal,  42,  929  (1920). 

•  Brauner  and  Krepelka;  Krepelka,  ibid.,  42,  917,  928  (1920). 

'Bruylants  and  Michielsen,  Bull.  Acad.  Bclg.,  Classe  des  Sciences,  Nos.  2-3, 
119  (1919). 

4  Meyer  and  Schweig,  Z.  anorg.  aUgem.  Chetn.,  xo8,  303  (19 19). 

•  H6nigschmid,  Z.  Elektroehem.,  25,  93  (1919). 

•  Owens,  Balke  and  Kremers,  This  Journal,  42,  515  (1920). 
7  Guye,  /.  ckim.  phys.,  17, 171  (1919)- 

•  Guye,  ibid.,  17,  141  (1919). 
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mine  and  silver,  and  concludes  that  Br  «  79.92  and  Ag  »  107.87. 
The  last  figure  differs  from  the  value  107 .88,  as  given  in  the  table  by  only 
0.01,  which  is  quite  within  the  limits  of  experimental  uncertainty.  The 
third  paper,  by  Van  Laar,1  relates  to  the  method  of  calculating  atomic 
weights. 

International  Atomic  Wbigbts,  1921. 


Atomic 

Symbol.  weight. 

Aluminum Al  27.1 

Antimony Sb  120. 2 

Argon A  39.9 

Arsenic As  74-96 

Barium Ba  137.37 

Bismuth Bi  208.0 

Boron B  10.9 

Bromine Br  79.92 

Cadmium Cd  112.40 

Calcium Ca  40.07 

Carbon C  12.005 

Cerium Ce  140.25 

Cesium Cs  132.81 

Chlorine CI  35-46 

Chromium Cr  52.0 

Cobalt , .  .Co  58.97 

Columbium Cb  93.1 

Copper Cu  63.57 

Dysprosium Dy  162.5 

Erbium Er  167.7 

Europium Eu  152.0 

Fluorine F  19.0 

Gadolinium Gd  157. 3 

Gallium Ga  70.1 

Germanium Ge  72.5 

Glucmum Gl  9.1 

Gold Au  197.2 

Helium He  4.00 

Holmium Ho  163.5 

Hydrogen H  1.008 

Indium In  1x4.8 

Iodine I  126.92 

Iridium Ir  193-1 

Iron Fe  5584 

Krypton Kr  82.92 

Lanthanum La  1390 

Lead . Pb  207.20 

Lithium Li  6.94 

Lutecium. Lu  1750 

Magnesium Mg  24.32 

Manganese Mn  54-93 

Mercury Hg  200.6 


Symbol. 

Molybdenum Mo 

Neodymium Nd 

Neon Ne 

Nickel Ni 

Niton  (radium  emanation).. Nt 

Nitrogen N 

Osmium Os 

Oxygen O 

Palladium Pd 

Phosphorus P 

Platinum Pt 

Potassium K 

Praseodymium Pr 

Radium Ra 

Rhodium Rh 

Rubidium Rb 

Ruthenium Ru 

Samarium Sa 

Scandium Sc 

Selenium Se 

Silicon Si 

Silver Ag 

Sodium Na 

Strontium Sr 

Sulfur S 

Tantalum Ta 

Tellurium Te 

Terbium Tb 

Thallium Tl 

Thorium Th 

Thulium Tm 

Tin Sn 

Titanium Ti 

Tungsten W 

Uranium U 

Vanadium V 

Xenon Xe 

Ytterbium  (Neoytterbium)  Yb 

Yttrium Yt 

Zinc Zn 

Zirconium Zr 


Atomic 
weight. 

96.0 

«44.3 

20.2 

58.68 
222.4 

14.008 
190.9 

16.00 
106.7 

31.04 
195.2 

39IO 
140.9 
226.0 
102.9 

83-45 
101.7 

150.4 
45.1 
79. « 
28.3 

107..  88 
23.00 
87.63 
32.06 

181. 5 

"7-5 

159.2 

204.0 

232.15 
168.5 
118. 7 

48.1 
184.0 
238.2 

510 
130.2 
1735 

8933 

6537 

90.6 


*  Van  Laar,  J,  chim.  pkys.,  17,  266  (1919). 
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The  only  change  in  the  table  of  atomic  weights  is  in  the  case  of  scandium; 
from  44. 1  to  45. 1 ;  which  appears  to  be  fully  justified  by  the  evidence. 

Signed,  P.  W.  Clarkb, 

T.  E.  Thorpe, 
G.  Urbain. 


[Contribution  from  the  Chemical  Laboratories  or  New  Hampshire  Collsgs.] 

A  NEW  METHOD  FOR  THE  DETERMINATION  OF  ZIRCONIUM. 
By  Mblvin  M.  Smith  and  C.  James. 

Received  August  16,  1919. 

The  increased  commercial  development  of  zirconium  and  its  com- 
pounds during  the  last  two  or  three  years  has  called  for  far  more  accurate 
determinations  of  the  dioxide  than  nearly  all  the  older  methods  would 
give.  Heretofore,  in  practically  every  instance  the  study  of  the  quanti- 
tative separation  of  an  element,  keeps  ahead  of  its  industrial  application. 
It  seems  reasonable  to  state,  in  the  case  of  the  element  under  discussion, 
that,  up  to  the  present  time,  there  has  been  only  one  method,  that  em- 
ploying nitroso-phenylhydroxylamine  (cupferron),  which  has  given  abso- 
lutely reliable  results. 

Sodium  thiosulfate  has  probably  been  the  precipitant  most  commonly 
employed  until  comparatively  recently.  This  method  separates  zir- 
conium from  iron  very  nicely  when  carried  out  under  the  proper  con- 
ditions. However,  since  thorium,  aluminum,  titanium  and  phosphoric 
acid  were  precipitated  by  this  reagent  also,  the  results  obtained  were  often 
as  much  as  several  per  cent,  too  high. 

Precipitation  as  the  phosphate  by  sodium  phosphate  in  the  presence 
of  hydrogen  peroxide  possesses  an  advantage  in  that  titanium  is  held  up. 
A  considerable  excess  of  hydrogen  peroxide  must  be  present  and  a  second 
precipitation  is  advised.  Unfortunately  the  solubility  of  the  phosphate  is 
affected  by  sulfuric  acid;  the  second  precipitation  involves  several  tedious 
operations  and  the  precipitate  is  not  any  too  well  denned. 

The  cupferron  method,  which  is  an  excellent  one,  precipitates  both 
zirconium  and  titanium  together,  iron  having  been  previously  removed. 
The  solution  should  have  10%  of  free  sulfuric  acid  present.  If  the  original 
material  contains  only  a  few  per  cent,  of  phosphoric  acid,  a  negligible 
amount  of  the  latter  will  be  found  in  the  precipitate.  The  amount  of 
titanium  dioxide  present  must  be  determined  either  colorimetrically  by 
hydrogen  peroxide  or  by  zinc  reduction  and  subsequent  titration.J^Tan- 
talum  and  columbium,  which  occur  in  some  varieties  of  zirkite,  are  pre- 
cipitated by  cupferron  in  the  presence  of  large  amounts  of  cone,  sulfuric 
acid.  It  is,  therefore,  necessary  to  make  sure  that  these  elements  are 
absent. 
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The  other  methods  described  for  the  estimation  of  zirconium  leave  much 
to  be  desired. 

While  the  cupferron  method  is  a  very  good  one,  it  is  not  very  simple, 
and  in  addition  the  reagent  is  very  costly.  Having  these  facts  ever 
in  mind,  the  authors  commenced  a  search  for  suitable  reagents.  Several 
interesting  ones  have  been  found  and  work  upon  one  of  them  is  described 
below. 

It  was  noticed  that  when  selenious  add  was  added  to  boiling  solutions 
of  zirconyl  chloride  made  add  with  hydrochloric  add  predpitates  of 
basic  sdenite  would  form  even  in  very  dilute  solutions.  The  composition 
of  the  selenite  probably  varied  according  to  the  conditions  of  this  experi- 
ment, as  was  noticed  by  Nilson  in  1875.  Sdenious  add  moreover  gave 
no  predpitates  with  solutions  of  aluminum,  or  the  rare  earths.  In  the 
case  of  ferric  chloride  a  predpitate  formed  in  nearly  neutral  solution 
but  not  in  a  dilute  add  solution.  This  last  observation  appeared  to  be 
especially  interesting  for  it  is  here  that  the  cupferron  method  fails.  Tho- 
rium is  predpitated  in  dilute  add  solutions  of  the  chloride.  However 
this  dement  does  not  appear  to  occur  in  zirkite  to  any  appreciable  ex- 
tent. 

Purification  of  Zirconyl  Chloride. — Crude  zirconium  hydroxide  was 
dissolved  in  cone,  hydrochloric  add  and  the  solution  evaporated.  When 
the  volume  had  been  considerably  reduced,  a  quantity  of  cone,  hydro* 
chloric  was  added  and  the  whole  allowed  to  crystallize.  The  crystals  were 
then  placed  upon  a  Bfichner  funnd  and  well  washed  with  i  :  i  hydro- 
chloric add.  The  chloride  was  further  purified  by  2  more  crystallizations 
from  1  :  i  hydrochloric  add.  The  material  was  then  examined  for  both 
iron  and  titanium  by  adding  ammonium  thiocyanate  and  hydrogen  per- 
oxide to  separate  portions  of  a  solution.  In  neither  case  could  any  color- 
ation be  detected. 

Preparation  of  Selenious  Acid. — This  add  was  prepared  by  treating 
selenium  with  cone,  nitric  add  until  oxides  of  nitrogen  ceased  to  be 
evolved.  The  solution  was  evaporated  to  dryness  and  the  selenium  dioxide 
purified  by  sublimation.  The  oxide  was  then  dissolved  in  water  and  the 
solution  diluted  until  the  liquid  contained  approximatdy  12.5%  of  sdenious 
add. 

Zirconyl  Chloride  Solution. — A  certain  amount  of  zirconyl  chloride 
was  weighed  out  and  dissolved  in  distilled  water  so  as  to  give  about  8  g. 
of  zirconium  oxide  per  liter. 

A  comparison  of  the  amount  of  oxide  contained  in  25  cc.  of  the  solution 
was  made  by  predpitating  the  zirconium  by  ammonium  hydroxide, 
cupferron  and  selenious  add  with  the  following  results. 

Ammonium  Hydroxide. — 25  cc.  of  zirconyl  chloride  solution^was 
diluted  to  100  cc.  and  ammonium  hydroxide  added  to  the  boiling  liquid 
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until  it  smeHed  of  ammonia.  The  resulting  precipitate  was  filtered  off, 
washed,  dried,  ignited  to  oxide  and  weighed.  Two  runs  gave  0.21 11  g. 
and  0.2107  g.,  respectively. 

Nitroso-phenyl-hydroxylarnine,  Cupferron. — 25  cc.  of  the  solution  waa 
evaporated  to  fumes  with  15  cc.  of  cone,  sulfuric  acid  in  a  Kjeldahl 
flask.  The  cooled  residue  was  taken  up  with  water,  diluted  to  150  cc., 
cooled  to  io°  and  precipitated  with  a  6%  solution  of  the  cupferron.  The 
precipitate  was  filtered  off,  washed  first  with  10%  hydrochloric  acid  and 
then  with  5%  ammonium  hydroxide,  after  which  it  was  dried,  ignited  and 
weighed.  Two  different  portions  gave  0.2102  g.  and  0.2106  g.,  respec- 
tively. 

Selenious  Acid. — In  the  case  of  this  reagent  precipitations  were  made 
under  varied  conditions.  For  the  first  tests  25  cc  of  the  original  solution 
was  diluted  to  100  cc.,  precipitated  by  the  addition  of  about  20  cc.  selenious 
acid  solution  and  the  whole  heated  to  boiling.  The  precipitate  was 
filtered  off,  washed  with  hot  2%  hydrochloric  acid,  dried  and  ignited. 
Three  results  gave  0.2106  g.,  0.2107  g-  and  0.2105  g.,  respectively. 

The  next  trials  were  made  upon  25  cc.  of  solution  diluted  from  100  to 
250  cc.  in  the  presence  of  5%  of  cone,  hydrochloric  acid.  Under  these 
conditions  the  figures  yielded  were  0.2109  g.,  0.2106  g.,  and  0.2109  g. 
The  filtrate  was  found  to  be  free  from  zirconium,  the  ignited  precipitate 
contained  no  selenium. 

Sulfuric  acid  solutions  are  not  suited  to  the  use  of  the  selenious  acid 
reagent.  The  material  should  be  in  the  form  of  the  chloride  and  the  free 
acid  should  not  exceed  7%  of  hydrochloric  acid  (sp.  gr.  1.200).  Pre- 
cipitation from  7%  hydrochloric  acid  and  washing  with  water  containing 
3%  of  hydrochloric  acid  gave  good  results,  since  no  zirconium  was  found 
in  the  filtrate  or  wash  water.  The  selenite  appeared  to  be  distinctly  solu- 
ble in  solutions  containing  10%  of  free  acid,  as  the  following  results  show. 
25  cc.  of  zirconium  chloride  solution  was  used  in  each  experiment. 

Hydrochloric  add.  Zirconium  oxide  found. 

%.  O. 

o  0.2106 

do  0.2107 

do  0.2105 

5  0.2109 

do  0.2106 

do  0.2109 

10  0.2060 

do  0.2044 

Separation  of  Zirconium  from  Aluminum. — A  solution  of  aluminum 
chloride  was  prepared  by  dissolving  pure  aluminum  chloride  in  water. 
It  was  standardized  by  precipitating  with  ammonium  hydroxide,  washing 
and  igniting  to  form  the  oxide.  One  cc.  of  the  solution  was  equivalent 
to  0.0183  g.  of  aluminum  oxide. 
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In  order  to  find  out  whether  the  presence  of  aluminum  would  affect  the 
determination  of  zirconium  as  the  selenite,  various  portions  of  the  solu- 
tions were  mixed  and  diluted  with  150  to  200  cc.  of  water.  Hydrochloric 
add  was  added  to  bring  the  concentration  to  5%.  The  whole  was  then 
heated  to  boiling  and  precipitated  by  about  20  cc.  of  selenious  acid.  The 
precipitate  was  washed  with  a  hot  2%  hydrochloric  acid  solution.  The 
aluminum  hydroxide  was  precipitated  from  the  filtrate  by  adding  am- 
monium chloride  and  ammonium  hydroxide  in  the  usual  manner.  The 
results  obtained  were  as  follows. 


AlsOs  taken. 
G. 

AltOs  found. 
G. 

ZrOs  taken. 
G. 

ZrOt  found. 
G. 

O.0366 

O.O360 

O.2108 

0.2X06 

O.183O 

O.1831 

O.2108 

O.2106 

O.7320 

O.7326 

O.2108 

O.2107 

O.1830 

O.1831 

O.04216 

O.0421 

Separation  of  Zirconium  from  Rare  Earths. — Solutions  of  chlorides 
of  the  rare  earths  give  no  precipitates  with  a  solution  of  selenious  acid. 
Cerium  should  be  in  the  cerous  condition. 

A  solution  of  the  chlorides  of  the  rare  earths  was  prepared  and  stand- 
ardized.   One  cc.  of  the  solution  was  equivalent  to  0.0083  g.  of  oxides. 

The  operations  were  carried  out  in  a  manner  similar  to  those  described 
under  aluminum.  Although  the  rare  earths  might  easily  have  been  pre- 
cipitated as  the  oxalates,  no  determination  was  made.  The  following 
figures  were  obtained. 


Rare  earth  oxides  taken. 
G. 

ZrOi taken. 
G. 

ZrOi  found. 
O. 

O.2490 

O.2108 

0.2I08 

O.0249 

O.2108 

O.2107 

Separation  of  Zirconium  from  Iron. — These  2  elements  may  be  easily 
separated  by  means  of  hydrogen  sulfide  in  ammoniacal  ammonium  tar- 
trate solution,  sodium  thiosulfate,  etc.  This  involves  the  use  of  some 
additional  method  for  the  removal  of  such  other  elements  as  aluminum, 
the  rare  earths,  etc.  Ferric  chloride  made  slightly  acid  with  hydrochloric 
acid  is  precipitated  by  selenious  acid.  This  precipitate  is  readily  dissolved 
by  hydrochloric  acid,  and  it  was  found  that  in  5%  hydrochloric  acid  solu- 
tion ferric  chloride  is  not  precipitated  by  selenious  acid. 

A  solution  of  ferric  chloride  was  prepared  and  standardized  by  pre- 
cipitation by  ammonium  hydroxide  in  the  presence  of  ammonium  chloride. 
One  cc.  of  the  solution  was  equivalent  to  0.00222  g.  of  ferric  oxide,  FejO*. 

Twenty-five  cc.  of  zirconyl  chloride  solution,  20  cc.  of  ferric  chloride 
solution  and  7.5  cc.  of  cone,  hydrochloric  acid  were  mixed  and  diluted  to 
about  150  cc.  The  liquid  was  then  heated,  precipitated  by  selenious  acid 
and  filtered.  The  precipitate  was  washed  with  a  boiling  2%  hydrochloric 
acid.    The  precipitate  and  paper  were  returned  to  the  original  beaker 
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owing  to  the  fact  that  iron  could  be  seen  in  the  zirconium  selenite.  A 
measured  volume  x  :  1  hydrochloric  acid  was  added  and  the  mass  heated 
carefully  for  a  time.  Water  was  then  added  until  the  hydrochloric  add 
content  was  reduced  to  5%.  Any  zirconium  that  might  have  remained 
in  solution  was  next  thrown  out  by  adding  about  20  cc.  of  selenious  arid. 
The  insoluble  selenite  was  removed,  washed  and  ignited.  The  resulting 
oxide  which  possessed  a  reddish  tint,  weighed  0.2145  g.  instead  of  0.2111 
g.  A  similar  run  involving  the  use  of  10  cc.  of  ferric  chloride  gave  0.2128  g. 
of  oxide,  and  another  in  which  5  cc.  was  employed  gave  0.2 115  g.  of 
oxide.  Although  these  results  were  far  from  encouraging,  it  was  decided 
to  see  what  one  precipitation  in  very  dilute  solution  would  do,  for  in  the 
operations  described  above  it  was  noticed  that  the  selenite  never  entirely 
dissolved  in  the  strong  acid,  and  that  certain  portions  of  the  ignited  pre- 
cipitate was  very  red,  while  others  were  white. 

Twenty-five  cc.  of  zirconyl  chloride,  10  cc.  of  ferric  chloride  and  20  cc.  of 
cone,  hydrochloric  acid  were  mixed,  diluted  to  about  400  cc.  and  precipi- 
tated by  30  cc.  of  selenious  acid.  The  whole  was  then  boiled  and  fil- 
tered. The  precipitate  was  washed  with  2  to  3%  hydrochloric  acid  and 
ignited.  This  time  the  oxide  weighed  0.2 112  g.  as  compared  with  the 
standard  figure  of  0.21 11.  In  the  next  experiment  25  cc.  of  zirconyl 
chloride,  20  cc.  of  ferric  chloride  and  40  cc.  of  cone,  hydrochloric  acid 
were  diluted  to  about  750  cc.  and  precipitated  by  40  cc.  of  selenious  acid. 
The  ignited  oxide  weighed  0.2125  instead  of  0.21 11  g.  These  results  in- 
dicate that  if  the  amount  of  iron  oxide  in  the  combined  iron-zirconium 
oxides  is  about  20%  there  will  be  a  very  slight  error.  As  the  amount  of 
iron  decreases,  the  error  will  become  less  and  finally  disappear  when  the 
figure  reaches  about  10%  oxide  of  iron.  Since  practically  all  commercial 
zirconia  ore  contains  much  less  than  this  latter  value,  a  single  precipita- 
tion is  sufficient.  In  certain  special  cases  it  might  become  necessary  to 
repeat  the  operation  or  else  to  remove  the  iron  by  another  method. 

Separation  of  Zirconium  from  Titanium.— Selenious  acid  throws 
down  titanium  along  with  zirconium  and  it  is  necessary  to  make  a. cor- 
rection for  this.  This  may  easily  be  carried  out  either  colorimetrically 
by  hydrogen  peroxide  when  small  amounts  are  present  or  by  titration 
after  reduction  in  the  Jones  reductor  if  larger  quantities  are  found. 

It  was  found  that  zirconium  could  be  precipitated,  in  the  cold  or  boiling, 
as  the  selenite,  in  the  presence  of  an  excess  of  hydrogen  peroxide  free  from 
titanium.  The  filtration  can  be  carried  out  much  better  in  the  cold, 
since  the  evolution  of  oxygen  in  the  pores  of  the  filter  paper  causes  the 
precipitate  to  run  through. 

In  order  to  test  the  accuracy  of  the  separation,  25  cc.  of  zirconyl  chloride 
solution  and  5  cc.  of  titanium  sulfate  were  mixed,  diluted  and  precipitated 
by  ammonium  hydroxide  in  the  presence  of  ammonium  chloride.    The 
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hydroxides  were  filtered  off,  washed,  returned  to  the  original  beaker  and 
wanned  with  10  cc.  of  cone,  hydrochloric  acid.  After  standing  a  short 
time  an  equal  volume  of  water  was  added  and  the  whole  heated  to  boiling. 
The  solution  was  diluted  further,  filtered  and  the  residue  of  filter  paper  well 
washed.  An  excess  of  hydrogen  peroxide  was  added,  the  liquid  diluted 
to  about  500  cc.  and  precipitated  by  an  excess  of  selenious  acid.  The 
precipitate  was  filtered  off  and  washed  with  water  containing  2%  of 
hydrochloric  acid  and  a  little  seleniqus  acid. 

TiOs  taken.  ZrOj  taken.  ZrOi  found. 

O.  O.  O. 

O.0463  O.IQ22  O.IOI9 

O.O463  O.I022  O.IOI6 

Separation  of  Zirconium  from  Phosphoric  Acid. — If  phosphoric  acid 
is  present  it  will  be  precipitated  along  with  the  members  of  the  iron  group 
by  ammonium  hydroxide  in  the  presence  of  ammonium  chloride.  Upon 
dissolving  the  precipitate  in  hydrochloric  acid  zirconium  phosphate  will 
remain  insoluble  and  be  lost  if  the  paper  pulp  is  filtered  off.  On  the  other 
hand  if  the  phosphate  is  not  removed  the  determination  will  be  too  high. 
If  this  substance  is  found,  it  must  be  collected,  decomposed  by  fusion  with 
an  excess  of  sodium  carbonate,  boiled  out  with  water,  the  residue  washed, 
dissolved  in  hydrochloric  acid  and  added  to  the  main  portion. 

Determination  of  Zirconium  in  Zirconia  Ore. — 1.2408  g.  of  zirconia 
ore  was  fused  with  12  to  15  g.  of  potassium  hydrogen  fluoride  in  a  platinum 
dish.  The  potassium  hydrogen  fluoride  was  prepared  by  treating  potas- 
sium fluoride  with  a  slight  excess  of  hydrofluoric  acid  and  evaporating 
over  a  very  small  flame  until  a  clear  fused  mass  was  obtained.  After 
allowing  it  to  cool,  it  was  broken  up.  The  mixture  of  zirconia  ore  and 
fluoride  was  carefully  heated  by  a  very  small  flame.  When  the  mixture 
became  fused  it  was  stirred  with  a  platinum  rod,  and  the  size  of  the  flame 
was  gradually  increased.  After  the  whole  had  become  solid  and  white, 
it  was  heated  over  a  powerful  burner  until  it  just  fused  to  a  clear  liquid. 
The  lowest  possible  temperature  for  this  operation  was  always  used. 
The  cooled  melt  was  next  treated  with  about  50  cc.  of  1  :  1  sulfuric  acid, 
gently  heated  until  nearly  all  water  was  removed,  and  then  more  strongly 
heated  until  abundant  fumes  were  evolved.  The  cold  residue  was  boiled 
with  water,  cooled  and  diluted  to  250  cc.  100  cc.  of  this  solution  was 
diluted,  boiled  and  precipitated  by  ammonium  hydroxide  in  the  presence 
of  ammonium  chloride.  The  hydroxides  were  filtered  off  and  well  washed. 
The  filter  paper  and  the  precipitate  were  treated  with  36  cc.  of  cone, 
hydrochloric  acid  and  about  40  cc.  of  water,  boiled,  diluted  to  700  cc. 
and  precipitated  by  selenious  acid.1    The  insoluble  selenite  was  removed 

1  If  phosphoric  add  is  present,  the  insoluble  phosphate  must  be  filtered  off  and 
treated  as  mentioned  under  phosphoric  add. 


Digitized  by 


Google 


1770  S.  A.  BRALEY  AND  J.   LOWE  HAUL. 

by  filtration,  washed  with  3%  hydrochloric  acid,  dried  and  ignited.  The 
resulting  oxides  weighed  0.4286  g.  50  cc.  of  the  solution  treated  in  a  simi- 
lar manner  gave*o.2 141  g.  These  quantities  represented  86.36  and  8640% 
respectively,  of  zirconium  and  titanium  oxides. 

Average  by  selenious  add 86.38% 

By  cupferron  was 86.36% 

0.2591  g.  of  another  sample  of  zirconia  ore  gave  0.1939  g.  of  oxides  of 
zirconium  and  titanium,  or  74.84%, -while  the  average  given  by  cupferron 
was  74-7o%- 

The  method^described  above  was  found  to  be  very  rapid,  simple  and 
accurate  for 4  the  determination  of  zirconium.  The  reagent,  selenious 
acid,  is  cheap. 

The  determination  of  thorium  by  means  of  selenious  acid  and  the  de- 
termination of  tantalum  and  columbium  by  means  of  cupferron  are  being 
investigated  at  the  present  time. 

Durham,  N.  H. 


[Contribution  from  tub  Chemical  Laboratory  of  thb  University  of  Illinois.] 

TRANSFERENCE  NUMBERS  OF  SODIUM  AND  POTASSIUM  IN 
MIXED  CHLORIDE  SOLUTIONS.    (PRELIMINARY  PAPER.) 

By  S.  A.  Bralby  and  J.  Lows  Hall.1 

Received  January  2,  1920. 

In  a  study  of  the  equilibria  existing  between  mixed  salt  solutions  and 
liquid  amalgams,  Smith  and  Ball2  have  noted  that,  with  equivalent  mix- 
tures of  sodium  and  potassium  chlorides  in  solution,  the  ion-fraction  of 
the  potassium  gradually  decreases  with  increasing  total  salt  concentra- 
tion. In  other  studies  on  sodium-strontium*  and  potassium-strontium4 
mixtures  similar  results  have  been  obtained.  Several  explanations  may 
be  offered  to  account  for  this  behavior  and  the  present  work  has  been 
carried  out  for  the  purpose  of  throwing  some  light  upon  the  subject  by 
comparing  the  calculated  values  (on  the  basis  of  the  isohydric  principle) 
with  the  determined  values  of  the  transference  numbers  at  various  equiva- 
lent salt  concentrations. 

G.  M.  J.  McKay,6  by  the  use  of  transference  experiments  in  mixed 
solutions  of  potassium  chloride  and  potassium  sulfate,  0.2009  N  with 
respect  to  each,  has  shown  that  the  ratio  of  the  ionization  factors  of  the 
2  salts  in  the  mixture  is  1 .372,  whereas  the  ratio  as  calculated  from  the 

1  The  authors  wish  to  thank  Dr.  T.  R.  Ball  for  originally  suggesting  the  problem 
and  starting  the  work  upon  it. 

1  Smith  and  Ball,  This  Journal,  39»  *79  (1917). 

*  Smith  and  Braley,  ibid.,  39,  1545  (1017). 
4  Smith  and  Rees,  ibid.,  40,  1802  ( 191 8). 

*  McKay,  ibid.,  33,  308  (1008). 
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conductance  of  the  solution  on  the  basis  of  the  isohydric  principle  is  i  .275. 
Also,  in  general,  calculations  based  on  conductivity  do  not  yield  values 
in  agreement  with  those  obtained  by  other  methods. 

Many  examples  of  the  double  salts  in  which  the  halides  appear  are 
known,  such  as  KjPtCU,  KCl.MgCl^HjO,  NasAlFe,  2NaCl.Al»Cli,  the 
potassium  iodide  complexes  with  the  iodides  of  cadmium,  mercury,  zinc, 
bismuth,  etc.  It  is,  therefore,  not  altogether  rash  to  expect  that  the 
alkali  halides  form  complexes  with  each  other  in  solution,  especially  as 
their  ions  are  known  to  be  hydrated.1 

On  this  assumption  we  would  then  have  one  of  the  metals  showing 
a  decrease  of  transference  due  to  the  back  transference  of  the  metal  in 
the  negative  complex. 

Theoretical. 

The  transference  number  of  an  ion  in  solution  is 

re  =  kc®  +  u®  =  K'c®  +  Ae  (1) 

where  ©  represents  the  ion. 
But 

C@  ■   C»lt  O^ut  (2) 

Also 

a  -  A/Ac.  (3) 

Therefore,  the  ratio  of  the  transference  numbers  of  the  sodium  and 
potassium  ions  in  the  solution  will  be 

7^  =  K  ANaCl/A0NaCl.AN»®  ,  . 

TK  AKCl/AoKCl.AK@    ' 

Since  equivalent  ion  conductances  are  known  only  at  infinite  dilution, 
it  is  necessary  to  assume,  as  McKay2  does,  that  the  ratio  of  these  values 
for  sodium  and  potassium  ions  is  the  same  as  at  infinite  dilution.  Also, 
as  Washburn*  and  McKay2  both  observe  that  in  the  case  of  2  strong 
electrolytes  in  a  mixed  solution,  ionization  calculations  based  on  total 
salt  concentration  agree  quite  closely  with  those  based  on  the  common 
ion  concentration,  the  former  will  be  used  in  the  calculations.  As  vis- 
cosity corrections  would  be  applied  alike  to  numerator  and  denominator, 
they  will  be  omitted. 
The  value  of  the  proportionality  constant  K  in  Equation  4  may  be 

readily  calculated,  for  at  infinite  dilution  thfe  ratio — becomes 

'  AKCl/AoKCl 

equal  to  one,  hence  -^£»  =»  K    N*    ,  in  which  case  K  becomes  equal  to 
1. 17.  T*  A** 

1  E.  W.  Washburn,  Tech.  Quart.,  ai,  288  (1908). 
*Loc.  tit. 
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Mat6rial8y  Apparatus  and  Method  of  Experimentation, 
x.  Materials. — (a)  Sodium  and  Potassium  Chlorides. — These  salts  were 
prepared  by  twice  precipitating  good  commercial  grades  of  the  salts  in 
aqueous  solution  with  hydrogen  chloride,  centrifuging  and  drying  in 
an  electric  muffle  at  about  750 °.  They  were  stored  in  glass-stoppered 
bottles,  and  again  dried  in  the  muffle  in  quantities  as  used. 

(b)  Coulometer  Materials. — 15  g.  of  crystalline  c.  p.  silver  nitrate 
was  dissolved  in  150  cc.  of  distilled  water  shortly  before  using.  This 
amount  of  solution  just  conveniently  filled  both  coulometers. 

A  pure  grade  of  silver  (99.9%  fine)  was  used  for  anodes.  The  silver 
was  melted  on  a  bone-ash  cupel  by  means  of  a  blast  lamp.  A  piece  of 
heavy  silver  wire  was  inserted  into  the  molten  silver  button,  and  the 
mass  allowed  to  solidify. 

A  weighed  platinum  dish  was  used  as  a  cathode. 

(c)  Silver  Chloride  for  Cathode. — The  silver  nitrate  solution  from  the 
coulometers  used  in  the  previous  run  was  kept  in  a  dark  place  to  be  used 
in  preparation  of  silver  chloride  for  the  succeeding  run.  It  was  filtered, 
heated  to  boiling,  and  precipitated  with  a  hot  solution  of  a  little  more 
than  the  theoretical  amount  of  sodium  chloride.  The  adherent  pasty 
precipitate  was  finely  disintegrated  with  a  glass  spatula,  washed  by  de- 
cantation  2  or  3  times,  and  finally  transferred  to  a  filter  and  thoroughly 
washed.  The  precipitate  was  then  washed  with  some  of  the  stock  solu- 
tion of  mixed  chlorides  and  transferred  to  the  apparatus. 

(d)  The  Anode. — The  anode  was  prepared  essentially  as  was  the  "Type 
B  Anode"  described  by  Washburn1  for  use  in  transference  experiments. 

2.  Apparatus  and  Method  of  Experimentation. — (a)  Apparatus. — The 
same  transference  apparatus  was  used  as  that  used  and  fully  described 
by  E.  W.  Washburn1  for  the  measurement  of  transference  numbers  in 
simple  solution.  The  special  coulometer  stands  were  equipped  with  a 
glass  rod  support. 

(6)  Method  of  Manipulation. — Essentially  the  same  procedure  was 
followed  as  that  described  by  Washburn.1 

(c)  Pipets,  Burets,  and  Weights. — The  pipets  and  burets  used  were 
calibrated  by  the  Bureau  of  Standards  and  the  weights  were  calibrated 
against  a  standard  set  and  proper  corrections  applied. 

(d)  Thermostat. — A  large  Freas  thermostat  electrically  controlled  was 
filled  with  water  to  a  depth  sufficient  to  cover  the  horizontal  section  of 
the  apparatus.  The  temperature  was  accurate  to  within  a  o.  i°  and  con- 
stant to  within  0.010. 

3.  Analysis  and  Calculations. — (a)  Analysis. — Duplicate  samples  from 
the  end  portions  and  one  from  each  of  the  3  middle  portions  were  trans- 
ferred to  small  porcelain  evaporating  dishes  for  a  sodium-potassium 

lLoc.cii. 
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determination.  At  the  same  time  an  entire  duplicate  set  of  samples 
was  transferred  to  resistance  glass  beakers  (600  cc.  capacity)  for  a  Vol- 
hard  volumetric  determination  of  chlorine.  This  analysis  was  used 
merely  as  a  check  on  the  total  equivalents  of  salt  as  found  by  the  chloro- 
platinate  method. 

The  sodium-potassium  determination  was  carried  out  by  the  chloro- 
platinate  method  as  described  by  Ball,1  with  the  exception  that  methyl 
alcohol  (redistilled  on  a  steam  bath)  was  used  instead  of  ethyl  alcohol  as 
a  separating  medium.  Care  was  taken  to  allow  the  last  traces  of  the 
methyl  alcohol  to  evaporate,  hcwever,  before  washing  down  the  filter 
with  hot  water  and  evaporating  on  the  steam  bath,  as  the  alcohol  exerts 
a  strong  reducing  effect  on  the  platinum  salts  when  heated.  The  chloro- 
platinic  acid  was  also  prepared  as  described  by  Ball. 

(6)  Calculations. — The  factor  0.3056  was  applied  to  the  weight  of 
potassium  chloroplatinate  to  obtain  the  potassium  chloride.  Ordinary 
transference  calculations  were  applied  using  atomic  weights  as  follows: 
Na  =»  23.0;  K  «  39.1;  CI  «  35-46;  *&<*  Ag  ■  107.88. 

Experimental  Data. 

The  following  table  shows  the  experimental  and  theoretical  values 
obtained.  The  basis  of  comparison  of  the  obtained  and  theoretical 
values  is  the  ratio  of  TNJTKi  as  shown  in  Equation  4.  Conductance 
data  of  reliable  character  covering  the  range  of  concentration  used,  at 
25  °,  were  difficult  to  find.  However,  values  for  A  determined  by  Kohl- 
rausch  at  18  °  were  corrected  to  25  °  and  the  values  desired  were  obtained 
by  careful  graphical  interpolation. 

No  values  are  given  for  the  cathode  portions  as  these  results  did  not 
agree  in  the  least  with  themselves  or  with  the  anode  portions.  No  ex- 
planation can  be  offered  at  this  time  but  the  difference  was  probably  due 
to  manipulation  in  removing  the  portion  from  the  silver  chloride  elec- 
trode or  to  some  side  reactions  on  the  part  of  the  electrode  itself.  This 
matter  will  be  investigated  and  in  this  preliminary  paper  only  the  anode 
values  will  be  considered. 

Table  I. 
Temp.  250. 

OANKCl.    O.lATNaa.         0.2JVKC1.    0.2  2VNaCI.         0.8  2VKC1.     0.8tfNaCl. 
Iafinite^  "lE  '  ^*?         """    ^— — — -_ 

dilution.   Tn».       Tk-     *K  "    Calc.     TN».     T^.     T^ '    C*lc.     Tn».     Ik-     Ik  "    Calc. 

.....  O.173     O.258  O.670 O.176  O.265  O.665    O.174  O.267  O.650 

O.174     O.258  O.672    O.I77  O.263  O.673   0.170  0.267  O.636   

0.154*   O.2280.674   O.1760.2740.636 

0.154*   O.2280.674 O.1770.2730.650 

A  v.,  0.802  0.174    0.258  0.673  0.776  0.176  0.268  0.656  0.760  0.172  0.267  0.643  0.700 
*  These  two  values  at  total  concentration  of  0.2  N  axe  evidently  low,  but  this  is 
undoubtedly  due  to  experimental  error  as  the  ratios  are  the  same. 
iLoc.cii. 
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It  should  be  noted  that  a  small  difference  in  the  transference  numbers 
of  the  ions  themselves  makes  a  large  error  in  the  ratio,  and  because  of  this 
fact  the  checks  on  the  observed  ratios  are  very  close  and  the  difference 
between  the  observed  and  calculated  values  the  more  significant. 

In  Fig.  i  the  calculated  ratios  and  the  observed  ratios  have  been  plotted 
against  the  total  concentration.  It  is  readily  seen  that  while  the  theo- 
retical ratio  is  always  higher  than  the  experimental  the  difference  de- 
creases as  a  function  of  the  total  concentration.  Also,  the  experimental 
curve  has  been  extrapolated  to  the  theoretical  value  at  infinite  dilution 
for  at  this  point  all  complicating  factors  would  be  removed  and  the  theo- 
retical value  for  a  simple  solution  would  be  obtained. 


Total  Concentration  in  mols/liter. 

Fig.  i. — Curves  showing  variation  of  TxJTk  with  total  concentration.    Upper  curve 

showing  calculated  values.     Lower  curve  showing  determined  values. 

These  results  indicate  that,  on  the  whole,  more  potassium  was  trans- 
ferred than  the  theory  would  indicate,  but  that  over  the  range  studied, 
that  is,  form  a  total  concentration  of  0.2  AT  to  1 .6  N  that  more  sodium 
is  being  transferred  proportionally  than  potassium,  since  over  this  range 
the  2  curves  tend  to  converge  with  increasing  concentration.  In  other 
words,  from  a  total  concentration  of  0.2  N  to  1 .6  N  the  sodium  gains 
"transference  advantage"  with  increased  concentration.  Such  an  "ad- 
vantage" may  be  due  to  the  following  possible  causes — (1)  a  direct  in- 
crease of  the  sodium  ion  fraction,  (2)  a  relative  increase  of  the  sodium 
ion  mobility,  (3)  the  entrance  of  sodium  in  superior  amounts  into  posi- 
tive aggregates,  and  (4)  a  "back  transference"  of  potassium  in  the  form 
of  a  complex  negative  ion. 

It  is  interesting  to  note  that  the  first  possibility  is  in  accordance  with 
the  results  obtained  by  Ball  and  Smith,  and  that  the   fourth  possibility 
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would  indirectly  lead  to  the  same  condition,  for  if  potassium  goes  into 
complex  negative  ion  formation,  the  simple  sodium  ion  fraction  is  corre- 
spondingly increased.  In  connection  with  the  second  possibility,  Wash- 
burn has  found  that  the  sodium  ion  is  50%  more  highly  hydrated  than 
the  potassium  ion.  And  because  of  the  resulting  more  voluminous  and 
unwieldly  character  of  the  sodium  ion,  which  is  further  evidenced  by  its 
much  lower  ion  conductance  and  transference  number,  it  is  reasonable  to 
believe  that  its  ion  mobility  would  be  slowed  up  more,  with  increasing 
viscosity,  than  the  potassium  ion  mobility.  This  fact  undoubtedly  ac- 
counts for  the  very  sharp  break  in  the  determined  ratio  when  extrapolating 
from  a  total  concentration  of  0.2  N  to  infinite  dilution,  as  it  would  be 
over  this  range  that  the  hydration  would  take  place  to  the  greatest  ex- 
tent and  so  exceed  the  change  due  to  the  other  factors.  If  this  were  the 
only  factor  entering,  however,  it  should  continue  and  the  curves  in  Pig. 
1  would  continue  to  diverge;  therefore,  we  must  conclude  that  other  fac- 
tors have  entered  which  overcome  this  one. 

If  we  assume  the  formation  of  complexes  in  order  to  account  for  the 
results  obtained,  we  of  course  have  none  other  than  a  qualitative  indica- 
tion of  their  nature.  In  order  to  satisfy  the  results  obtained  in  Smith 
and  Ball's1  work  and  in  this  investigation,  the  complex  must  be  of  such 
character  as  to  involve  an  excessive  transference  of  sodium  and  a  diminu- 
tion of  the  simple  potassium  ion  fraction,  both  of  which  become  more 
pronounced  with  increase  of  concentration  above  0.2  N.  Mention  was 
made  in  the  third  possible  cause  given  above  of  the  possibility  of  sodium 
entering  in  superior  amounts  in  positive  aggregates.  This  condition 
might  be  satisfied  by  the  possible  interpolation  of  sodium  chloride  in 
place  of  the  water  of  hydration  of  the  potassium  ion.  But  as  a  greater 
opportunity  is  afforded  for  the  interpolation  of  potassium  in  the  more 
highly  hydrated  sodium  ion,  and  as  the  removal  of  free  sodium  chloride 
would  cut  down  the  sodium  ion  fraction  rather  than  the  potassium,  this 
possibility  is  inconsistent. 

The  simplest  complex  formation  possible  is  NaCl.KCl,  which  may 
be  expressed  either  as  K(NaClj)  or  Na(KCl2),  and  which  may  ionize  to 
either  free  potassium  ion  or  free  sodium  ion.  If  it  should  be  the  first 
and  ionize  thus, 

K(NaCl»)  -  K+  +  NaCU-, 
the  simple  sodium  ion  fraction  would  be  relatively  decreased  and  a  "back 
transference"  of  sodium  would  occur,  both  of  which  are  contrary  to  re- 
sults. 

But  if  it  should  ionize  thus, 

Na(KCU)  ^  Na+  +  KC1*-, 
» Local. 
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the  sodium  ion  fraction  would  be  relatively  increased,  and  a  "back  trans- 
ference" of  potassium  would  occur,  both  of  which  conditions  would  give 
an  additive  tendency  to  explain  the  results  obtained  in  both  investiga- 
tions, and  which  satisfy  both  the  first  and  fourth  possible  causes  men- 
tioned. 

Summary. 

It  has  been  shown  that  over  a  range  of  total  concentration  from  0.2  N 
to  1 .6  N  with  equivalent  mixtures  of  sodium  and  potassium  chlorides  a 
relatively  higher  amount  of  sodium  is  transferred  than  is  called  for  by 
calculation,  on  the  basis  of  the  isohydric  principle,  from  the  conductance 
of  the  simple  salt  solutions. 

The  increase  of  sodium  transferred,  over  this  range  of  concentration, 
is  roughly  a  linear  function  of  the  total  salt  concentration. 

The  results  are  in  harmony  with  those  of  Smith  and  Ball,1  according  to 
which  they  find  that  the  sodium  ion-fraction  increases  with  increase  of  total 
salt  concentration  over  this  same  range  of  concentration. 

The  results  may  be  explained  on  the  basis  of  complex  formation,  the 
simplest  form  of  which,  in  accordance  with  these  results,  may  be  expressed 
thus, 

NaCl  +  KC1  ^  Na(KCl2)  ^  Na+  +  KC1»- 

Ubbana,  Iixinois. 
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Previous  attempts  to  derive  a  general  equation  for  representing  the 
viscosities  of  ideal  liquid  mixtures  have  been  critically  examined,  and  new 
lines  of  attack  discussed,  in  earlier  papers  of  this  series.  In  the  first 
article,1  all  existent  formulas  were  tested  by  means  of  the  available  ex- 
perimental data  and  a  modification  of  an  equation  proposed  by  Arrhenius* 
was  shown  to  give  most  satisfactory  agreement.  This  equation  may  be 
written 

log  17  «  x  log  171  +  (1  —  x)  log  rit  (1) 

(where  171  and  172  are  the  viscosities  of  the  pure  components,  and  the  com- 
position, x,  is  expressed  in  molecular  fractions).    Later  investigation  by 
Egner4  has  confirmed  the  approximate  accordance  of  this  formula  with  the 
results  of  experiment. 
lLoe.cU. 

*  Kendall,  Medd.  K.  Vctenskapsakad.  Nobelinst.,  2,  No.  25  (1913). 

*  Arrhenius,  Z.  physik.  Chcm.,  z,  285  (1887). 

«  Egner,  Medd.  K.  Vctenskapsakad.  Nobelinst..  3,  No.  22  (191 7). 
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On  more  detailed  examination1  of  these  experimental  data,  however,  it 
was  recognized  that,  in  all  systems  studied,  the  differences  between  the 
physical  constants  of  the  pure  components  were  entirely  insufficient  to 
afford  a  decisive  test  of  the  relative  merits  of  the  several  formulas.  Not 
only  were  viscosities,  in  general,  only  slightly  different  in  value,  but  also 
variations  in  molecular  weight  and  density  were  too  narrow  to  permit 
definite  conclusions  on  the  proper  method  for  representation  of  com- 
position. Volume,'  weight  and  molecular  units  have  all  been  suggested 
by  different  investigators,  and  the  calculated  curves  for  any  one  system 
were  in  most  cases  so  closely  clustered  around  the  experimental  curve  that 
no  real  discrimination  was  possible. 

Several  selected  systems,  as  nearly  ideal  as  possible,  were,  therefore, 
made  the  subject  of  exact  experimental  study,  all  of  the  above  mentioned 
factors  being  varied  as  widely  as  possible.  It  was  found,  in  consequence, 
that  none  of  the  previously  proposed  formulas  agreed  even  approximately 
with  the  experimental  data  (in  one  typical  series  the  maximum  divergences 
ran  from  27  to  204%)  although  the  logarithmic  formula  (1)  was  superior 
to  any  other.    A  new  equation,  of  the  form, 

V/--**v,.  +  (i  — *).*I/-  (2) 

(ilu  m  and  x  having  the  same  significance  as  in  Equation  1)  was  suggested, 
which  reproduced  the  observed  values  very  accurately  for  the  majority 
of  the  systems  examined.  In  one  case,  however,  the  divergences  were 
sufficiently  pronounced  to  force  the  conclusion  that  this  equation  also 
possessed  no  general  theoretical  foundation.* 

The  present  article  continues  the  quest  for  the  fundamental  viscosity 
formula  for  ideal  liquid  mixtures  by  an  examination  of  2  additional  series 
of  systems.  It  was  hoped  that  further  accurate  data  for  carefully  chosen 
mixtures  (as  nearly  as  possible  ideal  and  with  components  of  widely 
divergent  viscosities,  densities  and  molecular  weights)  might  enable  us  at 
least  to  narrow  down  still  more  the  possible  limits  between  which  the  true 
equation  lies  by  the  final  rejection  of  formulas  obviously  beyond  these 
limits,  even  if  no  ultimate  success  were  obtained  in  establishing  the  ideal 
relation.  In  particular,  it  wais  desired  to  compare  the  relative  merits  of 
Formulas  1  and  2  more  stringently  than  had  been  done  in  previous  work. 

Experimental* 

The  liquids  selected  were  representative  ethers  and  esters,  3  systems  of 
each  type  (ether-ether  and  ester-ester)  being  examined. 

As  the  starting  point  for  each  substance,  standard  preparations  of 
reliable  firms  were  taken,  and  subjected  to  careful  purification.    Ethyl 

1  Kendall  and  Monroe,  This  Journal,  39,  1787  (19 17). 

1  The  results  obtained  by  the  application  of  this  equation  to  ideal  solutions  of 
solids  in  liquids  were  also  not  entirely  satisfactory  (see  Kendall  and  Monroe,  ibid.,  j$? 
?8o2  (1917). 
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ether  was  washed  with  small  amounts  of  water,  then  with  sodium  carbonate 
solution,  dried  for  several  months  over  sodium  and  fractionated.  Phenetol 
was  fractionated  under  constant  low  pressure  (about  20  mm.)  by  means  of  a 
specially  devised  form  of  apparatus1  which  allowed  change  of  receivers 
without  break  of  the  vacuum.  The  fractionation  was  repeated  until  no 
further  change  in  the  physical  constants  of  the  product  could  be  noted. 
Diphenyl  ether  was  fractionated  under  low  pressure  and  then  fractionally 
crystallized  several  times.  Ethyl  acetate  was  washed  with  small  amounts 
of  water,  then  with  sodium  carbonate  solution,  dried  over  phosphorus 
pentoxide  and  specially  fractionated.  Ethyl  benzoate  was  washed,  dried 
over  calcium  chloride  and  fractionated  repeatedly.  Benzyl  benzoate  was 
very  carefully  purified2  by  successive  fractionations  under  constant  low 
pressure. 
The  portions  employed  possessed  the  following  constants: 

Freezing     Boiling  pt. 

pt.  (760  mm.)  Density  Spec. 

Liquid.  *  C.  °  C.  2S°/4  .      Viscosity.        conductivity. 

Ethyl  ether 34.6  0.7139  0.002233  

Phenetol 170. 1  0.9618  o.  01 158  

Diphenyl  ether 27 .05  1 .0706  0.03864  

Ethyl  acetate 77 .15  0.8948  0.004239  <i  X  io"* 

Ethyl  benzoate 209.1  1.0431  0.02014  <i  X  io"1 

Benzyl  benzoate 19.4  323.0=^0.2  1.1121  0.08504  <i  X  io"1 

A  comparison  of  these  constants  with  those  obtained  by  previous 
workers  indicates  that  the  more  laborious  methods  of  purification  here 
adopted  have  been  justified  by  the  removal  of  final  traces  of  impurities. 
Thus  the  benzyl  benzoate  employed  by  Kendall  and  Monroe8  gave  m.  p., 
18.80:  77250  =  0.08454.  The  same  workers  obtained  for  ethyl  benzoate 
i?25°  =  0.01990.  Since  all  likely  impurities  would  tend  to  lower  the  ob- 
served viscosity,  the  present  values  are  preferred.  Previous  accurate 
determinations  for  the  remaining  liquids  are  rare,  the  value  1725*  =  0.004193 
obtained  by  Dunstan4  for  ethyl  acetate  may,  however,  be  cited. 

With  regard  to  the  ideality  of  the  mixtures  examined,  it  must  be  ad- 
mitted that  the  first  liquids  in  each  series  (ethyl  ether  and  ethyl  acetate), 
in  particular,  are  not  perfectly  normal  liquids,  but  the  similarity  in  the 
nature  of  the  components  of  each  system  will  be  sufficient  to  render  any 
deviations  from  ideality  only  slight.8    No  appreciable  heat  or  volume 

1  To  be  described  in  a  later  article  (P.  M.  Gross  and  A.  H.  Wright). 

2  The  difficulty  of  purifying  benzyl  benzoate  has  recently  been  discussed  by  the 
Earl  of  Berkeley,  /.  Chem.  Soc,  109,  520  (191 6). 

'  Kendall  and  Monroe,  he.  cit.,  p.  1796. 

4  Dunstan,  Z.  pkysik.  Chem.,  49,  590  (1904).  The  values  obtained  for  phenetol 
and  diphenyl  ether  by  Sachanov  and  Rjachowsky,  ibid.,  86,  529  (1914)  are  by  no  means 
in  such  satisfactory  agreement. 

1  The  factors  affecting  ideality  have  been  examined  in  detail  by  Hildebrand,  This 
Journal,  38,  1452  (1916). 
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changes  were  noted  on  admixture  of  equivalent  volumes  of  the  2  com- 
ponents in  any  one  case. 

Viscosity  measurements  were  carried  out  with  the  use  of  the  Bingham1 
type  of  viscometer,  the  experimental  procedure  and  calculation  of  results 
being  exactly  as  recorded  in  earlier  articles  of  this  series.  Densities 
(which  are  required,  for  this  method,  only  for  use  in  a  correction  factor) 
are  appended  in  the  tables  below  to  facilitate  conversion  of  the  results 
from  molecular  to  volume  units,  but  accuracy  beyond  the  third  place  is 
not  claimed.2 

Results. 

In  the  following  tables,  the  first  column  gives  the  composition  of  the 
mixture  in  molecular  units,  the  second  its  density,  the  third  its  absolute 


Series  A. 

Mixtures 

op  Diethyl 

Ethes 

.  AND  PHENETOL 

Mol.  % 

Density 
23°/4*. 

n  (calc). 

Percentage 

w  (calc). 
Cube  rt.  eqn. 

Percentage 

ethyl  ether. 

v  (expt.). 

Log  eqn. 

divergence. 

divergence. 

IOO.OO 

O.7139 

O.OO2233 

.... 

.... 

90.04 

07458 

O.OO2674 

O.OO2646 

— I 

I 

O.OO2757 

+3.0 

8303 

O.7656 

O.OO3057 

O.OO2952 

—3 

4 

O.OO3171 

+3.7 

7485 

O.7891 

0.003494 

O.OO3377 

—3 

3 

O.OO3704 

+6.0 

68.82 

O.8059 

O.OO3866 

O.OO3730 

—3 

5 

O.OO4133 

+6.9 

60.48 

O.8283 

O.OO4406 

O.OO4278 

— 2 

9 

O.OO4780 

+8.5 

5579 

O.8387 

0.004809 

O.OO4629 

—3 

8 

O.OO5176 

+7-6 

51.06 

O.8488 

O.OO5154 

O.OO4996 

—3 

0 

O.OO5587 

+8.3 

450I 

O.8628 

O.O05713 

0.0055I9 

—3 

3 

O.O061 5 I 

+7.7 

35l6 

O.8853 

O.O06667 

O.OO6489 

— 2 

7 

O.OO7148 

+7-2 

30.26 

O.8970 

0.007152 

O.OO7035 

— 1 

6 

O.OO7682 

+7.4 

2523 

O.9083 

O.OO7856 

O.OO7642 

— 2 

7 

O.O08256 

+5.1 

18.55 

O.9230 

0.008671 

O.OO8530 

— I 

6 

O.OO9274 

+70 

975 

0.9427 

0.009993 

O.OO9860 

— 1 

3 

O.OIO25 

+2.5 

745 

0.947I 

O.OIO27 

O.OIO24 

— O 

3 

O.OIO52 

+2.4 

O.OO 

O.9618 

0.01158 

• 

.... 

... 

Series  B.    Mixtures  of 

Diethyl  Ether  and  Diphenyl  Ether. 

Mol.  % 
ethyl  ether. 

Density 
23°/4  • 

e  (expt.). 

■  (calc). 
Log  eqn. 

Percentage 
divergence. 

%  (calc) 
Cube  rt.  eqn. 

Percentage 
divergence. 

IOO.OO 

O.7139 

O.OO2233 

.... 

.... 

90.92 

O.760I 

O.OO3106 

O.OO2893 

—  6.8 

0.003344 

+   7.3 

78.26 

O.8213 

O.O04552 

O.OO4150 

—  8.8 

O.O05433 

+193 

70.88 

O.8554 

0.005733 

O.O05122 

— 10.6 

O.O06978 

+21.3 

60.76 

0.8974 

O.OO7614 

0.006835 

— 10.2 

O.OO9539 

+25.3 

5I02 

0.93U 

O.OO9926 

O.OO9022 

—  90 

O.OI253 

+26.O 

42.45 

0.9583 

O.OI258 

O.OII52 

-8.4 

0.01563 

+24.O 

32.97 

O.9862 

O.OI63 I 

O.OI509 

—  75 

0.01962 

+20.2 

21.93 

I.OI81 

O.02153 

O.02068 

—  39 

O.02505 

+  16.3 

1318 

I.0387 

0.O2737 

O.02654 

—  30 

O.03000 

+  9-6 

704 

IO542 

O.03158 

O.03 161 

+  0.1 

O.03382 

+  7  0 

O.OO 

I.0706 

O.03864 

.... 

1  Bingham,  /.  Ind 

Eng.  Chem., 

6,  233  (1914) 

;  Bingham 

Schlesinger  and  Colema 

his  Journal,  38,  27 

(1916). 

*  In  a  few  cases  the  values  given  are  interpolated. 

s 
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viscosity.  The  viscosity  calculated  according  to  Equation  1  and  its 
percentage  divergence  from  the  observed  value  are  presented  in  the  next 
2  columns.  Similarly  the  last  2  columns  show  the  viscosity  calculated 
from  Equation  2  and  its  percentage  divergence  from  the  experimental 
results. 

Series  C.    Mixtures  op  Phbnetol  and  Diphbnyl  Ether. 


Mol.  % 
phcnetol. 

Density 
25  V4*. 

H  <e*Pt.). 

it  (calc). 
Log  eqn. 

Percentage 
divergence. 

•  (calc). 
Cube  rt.  eqn. 

Percentage 
divergence. 

IOO.OO 

O.9618 

O.  OI 158 

90.06 

0.9755 

O.OI309 

O.O1305 

—0.3 

O.OI337 

+2.1 

81.27 

O.9870 

O.OI45 1 

O.01451 

O.O 

O.OI5IO 

+4-1 

7037 

09993 

O.OI632 

O.OI654 

+  1.4 

O.OI745 

+6.8 

60.02 

I.OIII 

O.OI862 

O.O1879 

+0.9 

O.O1990 

+6.9 

5I.05 

I.0206 

O.02096 

O.02088 

—0.4 

O.02218 

+5-8 

3731 

I.O346 

OO2455 

O.02460 

+0.2 

O.02602 

+6.0 

3253 

I.O396 

O.02630 

O.0261 I 

—07 

O.02748 

+4.5 

20.72 

I. 05IO 

O.03003 

O.O3012 

+0.3 

O.03127 

+4-1 

X367 

I   0573 

O.03264 

O.03277 

+0.4 

O.03363 

+3.1 

O.OO 

I.O706 

O.O3864 

... 

... 

... 

Series  D.    Mixtures  op 

Ethyl  Acetate  and  Ethyl  Benzoate. 

Mol.  % 
ethyl  acetate. 

Density 
25°/4< 

e  (expt.). 

«  (calc). 
Log  eqn. 

Percentage 
divergence 

i        v  (calc). 
.    Cube  rt.  eqn 

Percentage, 
divergence. 

IOO.OO 

O.8948 

0.004239 

.... 

.... 

8992 

O.9204 

0.005188 

O.OO4960 

—4-4 

O.O05I73 

—0.3 

7977 

0.9440 

0.006178 

O.O05810 

—6.0 

O.OO6234 

+0.9 

6989 

0.9598 

0.007247 

O.OO6778 

-6.4 

O.OO7419 

+2.4 

59 -98 

09740 

0.008478 

O.OO7909 

—6.8 

O.O08736 

+3.1 

5044 

O.9866 

0.009851 

O.0O9I77 

—6.8 

O.OIOI4 

+30 

39-73 

0.9992 

0.01157 

O.OIO74 

—7-1 

O.OI190 

+2.9 

31.31 

I.OIOI 

0.01292 

O.OI236 

—4-3 

O.OI34 I 

+3.7 

20.88 

I.0223 

0.01514 

OOI455 

—3-9 

OOI545 

+2.0 

12.16 

I .0320 

0.01704 

O.OI667 

— 2.2 

O.OI731 

+  1.5 

00.00 

I. O43I 

0.020x4 



... 



... 

Series  E.    Mixtures  op 

Ethyl  Acetate  and  Benzyl  Benzoate. 

Mol.  % 
ethyl  acetate. 

Density 

25°/4*. 

»  (expt.). 

«  (calc). 

Log  eqn.          < 

Percentage 
divergence. 

«  (calc). 
Cube  rt.  eqn. 

Percentage 
divergence. 

IOO.OO 

O.8948 

O.OO4239 

.... 

.... 

89.80 

09394 

O.O06406 

OO05756 

— IO.  I 

O.O06876 

+   74 

7990 

O.972O 

O.OO91 16 

O.OO7746 

—I50 

O.OIO32 

+  13-2 

6973 

O.9988 

O.OI275 

O.OIO5 I 

—17.5 

O.OI489 

+  16.5 

5863 

I.0247 

O.OI789 

O.O1467 

— 18.O 

0.02I22 

+  18.7 

50.OO 

I.0454 

O.02299 

O.OI900 

—173 

O.02724 

+  I9.0 

40.OI 

I.0625 

O.03047 

O.02570 

—156 

O.03536 

+  16.O 

30.02 

I .0778 

O.03881 

O.03460 

— IO.9 

O.04528 

+  16.8 

2347 

I.0867 

O.047H 

O.04210 

—IO.7 

O.05258 

+  11. 6 

14.26 

I.0975 

O.05938 

0.05520 

—  70 

O.06412 

+  8.0 

7.84 

I . IO48 

O.07003 

O.06728 

—  4.0 

O.07307 

+  43 

OOP 

I. 1121 

O.08514 

.... 

, . 
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Ssribs  F.  Mixtures  op  Ethyl  Bbnzoatb  and  Benzyl  Bbnzoatb. 


Mol.  % 
ethyl  benzoate. 


Density 
25  V4*. 


IOO.OO  I  0431 

89.63  I.0524 

80.23  I.0603 

69.06  I.0683 

59.41  I.0760 

50.54  I.0825 

39.45  I.091O 

2973  IO967 

24.75  I.  IO05 

15.49  I. IO53 

4.65  I.IIO4 

O.OO  I.II2I 

The  results  for  the 
esters  are  also  repror 
duced  graphically  in 
the  diagram.  It  will 
be  found,  by  refer- 
ence to  this  diagram 
and  to  the  tables 
above,  that  neither 
the  logarithmic  nor 
the  cube  root  formula  £ 
expresses  the  experi-  § 
mental  results  in  a  > 
satisfactory  manner. 
The  experimental 
curve  lies  in  all  cases1 
between  the  2  cal- 
culated curves,  the 
logarithmic  equation 

1  In  one  case  (for 
the  system:  phenetol- 
diphenyl  ether)  the  loga- 
rithmic formula  is  prac- 
tically identical  with  the 
observed  values,  the 
average  divergence  being 
only  0.2%.  The  ratio 
between  the  viscosities 
of  the  2  components, 
however,  is  smaller  here 
than  for  any  other  sys- 
tem studied;  the  average 
divergence  for  the  cube 
root  equation  is  only 
+8%. 


4  (expt.) 

0.020I4 

O.O2371 

O.02749 

O.03249 

O.03740 

O.04309 

O.04948 

O.05695 
O.06108 
O.06898 
O.08039 
O.08514 


if  (calc). 
Log  eqn. 


O.02339 
O.02678 
O.03146 
O.03616 
O.04109 
O.0482I 
OO5546 
O.05960 
O.06825 
O.07961 


Percentage 
divergence. 


—3 

—3 

—4 


— I 
— I 


■  (calc.). 
Cube  rt.  eqn. 


O.02426 
O.O2845 
O.03402 
OO3938 
O.O4478 
0.052I9 

0.05933 
O.06323 
O.07091 
O.08069 


Percentage 
divergence. 


+2 
+3 

+4 
+5 
+3 
+5 
+4 
+3 
+2 
+0 


0.090 


0.075 


0.060 


0.045 


0.030 


0.015 


25  50  75 

Mol.  per  cent,  component  A. 

A  -  ethyl  acetate— ethyl  benzoate. 

B  —  ethyl  acetate — benzyl  benzoate. 

C  =  ethyl  benzoate — benzyl  benzoate. 

—  x  —  Experimental. 
Log.  eqn. 

—  •  —  •  —  •  —  Cube  root  eqn. 


100 
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giving  values  consistently  too  low,  the  cube  root  equation  giving  values 
consistently  too  high.  The  maximum  divergence  for  the  62  mixtures 
examined  is  — 18.0%  for  the  logarithmic  equation,  the  average  divergence 
— 4.8%.  For  the  cube  root  equation  the  maximum  divergence  is  +26.0%, 
the  average  divergence  +7.9%. 

The  divergences  in  each  case  become  greater  as  the  ratio  between  the 
viscosities  of  the  2  components  of  the  mixture  is  widened.  In  the  system 
ethyl  acetate-benzyl  benzoate  this  ratio  is  more  than  20  to  1,  the  variation 
being  greater  than  in  any  system  hitherto  studied.  The  divergences  here 
are  much  larger  than  for  the  2  remaining  ester  systems,  as  will  be  evident 
from  the  diagram. 

Neither  equation  can,  therefore,  be  claimed  as  the  ideal  formula.  The 
2  formulas,  however,  clearly  do  furnish  us  with  limits  within  which  this 
unknown  relation  may  be  confidently  predicted  to  lie.  All  other  previously 
proposed  equations  (such  as  fluidity  formulas,  or  equations  with  weight 
or  volume  composition  units)  give  hopelessly  discordant  values,  as  in  the 
systems  investigated  by  Kendall  and  Monroe. 

The  following  brief  mathematical  analysis  of  the  situation  which  thus 
presents  itself  is  instructive.    The  original  linear  viscosity  equation 

V  =  xrii  +  (1  —  x)vi  (3) 

is  equivalent  to  the  statement  drj/dx  =  k.  As  indicated  in  previous 
articles1  and  also  in  the  diagram  here  given,  however,  the  experimental 
viscosity  curve  is  not  linear  but  considerably  "sagged;"  in  other  words 
dri/dx  increases  as  9  increases.    The  fluidity  formula  of  Bingham* 

i/if  =  x/rn  +  (1  —  x)/rtt  (4) 

which  is  equivalent  to  the  statement  drjldx  =  feij2,  errs  in  the  opposite 
direction,  indicating  that  di\jdx  does  not  increase  so  rapidly  as  17*. 

We  should,  therefore,  expect  some  power  of  1?  less  than  the  second  to 
give  approximate  constancy  for  dy/dx.  The  logarithmic  Equation  1 
reduces,  in  point  of  fact,  to  the  statement  drj/dx  =  krj,  while  the  cube  root 
Equation  2  reduces  to  dy/dx  =  hr\A/l.  The  former  gives  results  con- 
sistently low,  the  latter  gives  results  consistently  high.  It  would  obviously 
be  a  simple  matter,  therefore,  to  devise  an  empirical  formula,  with  an 
index  for  17  lying  between  1  and  4/a>  which  would  represent  exceedingly 
well  the  experimental  data  for  all  of  the  systems  investigated. 

Such  a  procedure,  however,  would  hardly  ameliorate  the  present  un- 
satisfactory status  of  the  problem,  for  it  is  difficult  to  conceive  how  such  a 
formula  could  possibly  be  invested  with  any  theoretical  significance. 
Since  all  efforts  to  substantiate  a  simple  ideal  equation  from  the  experi- 
mental side  have  failed  (all  possible  simple  relations  being  put,  indeed, 

1  Kendall  and  Monroe,  loc.  cit.,  p.  1788. 

1  Bingham,  Am.  Chem.  J.,  34,  481  (1905);  Phys.  Rtv.,  35,  407  (1912). 
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outside  the  pale  of  error  limits)  it  would  seem  inadvisable  to  continue  the 
attack  until  considerable  progress  has  been  made  in  neighboring  sectors 
which  will  open  up  some  weak  point  at  present  unsuspected.  The  con- 
clusions drawn  from  an  earlier  article1  may  here  be  emphasized:  "It 
may  be,  of  course,  that  the  true  equation  is  so  exceedingly  complex  (other 
factors,  such  as  internal  pressure,  average  molecular  volume,1  etc.,  enter- 
ing into  consideration)  that  it  can  never  be  arrived  at  except  theoretically. 
Even  in  that  case,  however,  the  data  presented  in  these  articles  will  prove 
of  immediate  service  in  verifying  or  disproving  any  such  theoretical 
equation  as  soon  as  propounded." 

The  difficulties  confronting  any  attack  from  the  theoretical  side  should 
not  be  minimized.  First  of  all,  an  exact  and  comprehensive  kinetic- 
molecular  theory  of  liquids  must  be  established.8  Secondly,  the  nature 
of  the  forces  conditioning  the  flow  of  molecules  past  one  another  in  the 
interior  of  a  liquid  must  be  more  intimately  understood.  An  exhaustive 
physico-mathematical  treatment  of  the  forces  involved  must  undoubtedly 
precede  any  real  advances  in  this  field,  the  fundamental  importance  of 
which  is,  at  present,  insufficiently  realized  both  by  physicists  and  by 
chemists.  The  valuable  results  attending  recent  work  on  the  viscosities 
of  gases4  ought  certainly  to  encourage  similar  efforts  to  advance  our  knowl- 
edge of  viscosity  in  the  liquid  state6  beyond  its  present  chaotic  condition. 

Summary. 

The  viscosity  curves  for  the  following  liquid  systems  have  been  de- 
termined with  the  use  of  the  Bingham  viscometer:  (1)  ethyl  ether-phenetol; 
(2)  ethyl  ether-diphenyl  ether;  (3)  phenetol-diphenyl  ether;  (4)  ethyl 
acetate-ethyl  benzoate;  (5)  ethyl  acetate-benzyl  benzoate;  (6)  ethyl 
benzoate-benzyl  benzoate. 

Although  these  mixtures  are  certainly  very  nearly  ideal,  yet  the  experi- 
mental data  are  not  reproducible  satisfactorily  by  means  of  any  known 
simple  formula.  The  logarithmic  viscosity  equation  of  Arrhenius  and 
Kendall  gives  values  uniformly  a  little  low,  the  cube  root  viscosity  equa- 
tion of  Kendall  and  Monroe  gives  values  uniformly  a  little  high.  All 
other  proposed  formulas  are  altogether  out  of  agreement  with  the  figures 
of  experiment. 

1  Kendall  and  Monroe,  loc.  cit.,  p.  1801. 

•  Tinker,  Phil.  Mag.,  [6]  33i  43<>  (191 7). 
.  •  A  recent  monograph  by  Kleeman  ("A  Kinetic  Theory  of  Gases  and  Liquids/ ' 
John  Wiley  and  Sons,  1920)  contains  many  new  and  exceedingly  interesting  sugges- 
tions on  the  physico-mathematical  development  of  viscosity  relationships  from  this 
standpoint 

4  See,  for  example,  Rankine,  Phil.  Mag.,  29,  552  (19 15);  Proc.  Roy.  Soc.  A.$  91, 
201  (1915),  and  earlier  articles. 

1  A  differentiation  between  viscous  flow  in  liquids  and  in  gases  has  been  attempted 
by  Bingham,  This  Journal,  36,  1383  (19 14). 
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From  a  brief  mathematical  consideration  of  the  results  obtained,  the 
conclusion  has  been  drawn  that  further  progress  in  this  field  must  be 
preceded  by  fundamental  advances  on  the  theoretical  side  of  the  subject. 
The  experimental  work  has,  at  present,  reached  as  far  as  it  can  go  alone 
in  showing  that  all  simple  solutions  of  the  problem  hitherto  proposed  are 
certainly  insufficient. 

N*w  Yowc.  N.  Y. 


[Contribution  from  the  Drnvbr  Pood  and  Drug  Inspbction  Station,  Bureau 
op  Chemistry,  U.  S.  Department  of  Agriculture.] 

A  COLOR  TEST  FOR  OXALIC  ACID.1 

By  Lewis  H.  Chernoff. 

Received  May  22,  1920. 

Recently  Sacher*  suggested  a  color  test  involving  the  use  of  a  dilute 
solution  of  a  manganous  salt.  This  is  treated  with  sodium  or  potassium 
hydroxide  solution  and  allowed  to  stand  till  the  manganous  hydroxide 
is  partially  oxidized  by  the  air.  On  adding  an  aqueous  solution  of  oxalic 
add,  drop  by  drop,  the  precipitate  dissolves  and  a  red  coloration  is  pro- 
duced. Reducing  substances,  also  excess  of  oxalic  or  any  other  acid,  pre- 
vent the  color  formation. 

Dorronsoro  and  Fernandez'  have  observed  a  color  reaction  while  work- 
ing with  pinene  derived  from  Spanish  oil  of  turpentine.  When  pinene 
was  oxidized,  a  substance,  supposed  to  be  nopic  add.  was  produced  which 
gave  a  green  coloration  with  resorcinol  and  sulfuric  add.  This  substance 
was  later  identified  as  oxalic  add.4 

The  writer  has  confirmed  this  reaction  with  oxalic  acid  and  has  further 
developed  it  for  use  as  a  general  test  for  oxalic  add.  Under  certain  con- 
ditions described  below,  a  blue  color  is  obtained  instead  of  green. 

While  resorcinol  forms  colorations  with  a  great  number  of  organic 
compounds,  the  colors  are  mostly  red,  pink  or  violet.  When  nitrates  or 
nitrites  are  dissolved  in  cone,  sulfuric  add  and  a  crystal  of  resorcinol  is 
added,  a  deep  blue  color  is  produced.  If  a  little  water  is  added,  however, 
the  color  becomes  brown  to  red.  The  writer  is  unaware  of  any  other 
compound  which  gives  a  blue  color  under  the  conditions  described  below, 
although  it  is  quite  probable  that  such  compounds  exist.  Some  sub- 
stances, such  as  carotin,  xanthophyll,  some  terpenes,  etc.,  give  a  blue 
color  with  sulfuric  add  alone.    It  is  best,  therefore,  in  many  cases  to  re- 

1  Published  by  permission  of  Secretary  of  Agriculture,  U.  S.  Department  of  Agri- 
culture. 

1  Sacher,  C.  A.,  9,  2043  (1915). 

•  Dorronsoro  and  Fernandez,  Ibid.,  9,  2522  (1915). 

4  Details  of  this  reaction  are  not  given  in  the  abstract.  The  original  article  {A  notes, 
soc.  cspaft.  fis.  quint,  II,  441-3  (1913))  was  not  available. 
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move  the  oxalic  add  by  precipitation  as  the  calcium  salt  and  to  apply 
the  test  to  the  precipitate. 

No  blue  color  was  obtained  with  some  of  the  commoner  natural  acids, 
such  as  formic,  acetic,  lactic,  tartaric,  citric,  malic,  succinic  and  -benzoic 
acids,  neither  did  these  acids  interfere  with  the  test  for  oxalic  acid.  Al- 
though tartaric  acid  gives  a  brilliant  red  color  with  resorcinol  and  sul- 
furic acid,  it  did  not  interfere  with  the  blue  oxalic  color  (until  heated) 
in  a  mixture  of  10  mg.  of  oxalic  acid,  100  mg.  of  tartaric  acid  and  2  cc.  of 
water. 

Color  Test  for  Oxalic  Acid. — A  few  crystals  of  resorcinol  are  added  to 
about  5  cc.  of  the  unknown  solution  in  a  test-tube,  and  the  mixture  is 
warmed  slightly  to  dissolve  the  resorcinol.  It  is  then  cooled  and  5  cc.  of 
cone,  sulfuric  acid  is  carefully  and  slowly  poured  in  along  the  side  of  the 
tube  so  as  to  form  a  layer.  A  blue  ring  will  be  formed  at  the  junction  of 
the  2  layers,  if  oxalic  acid  is  present.  The  color  is  best  seen  if  held  to 
the  light  in  front  of  a  sheet  of  white  paper.  Care  must  be  taken  that 
the  mixture  does  not  warm  up  appreciably.  If  the  blue  color  does  not 
appear  in  a  few  minutes,  the  mixture  is  shaken  thoroughly,  and,  after 
cooling  somewhat,  5  cc.  more  of  sulfuric  acid  is  added.  Should  the  color 
still  fail  to  appear,  the  mixed  contents  of  the  tube  should  be  gently  warmed 
over  a  flame  (not  boiled)  when  an  indigo  blue  color  will  diffuse  throughout 
the  liquid.  If  the  mixture  be  cooled  with  ice-water,  the  color  will  dis- 
appear only  to  reappear  again  on  heating.  If  the  mixture  be  boiled  a 
few  minutes,  the  color  will  turn  a  deep  dark  green,  which  will  become  a 
light  yellow-green  on  cooling.  If  to  the  cold  yellow-green  solution  an 
equal  volume  of  sulfuric  acid  be  added  so  as  to  form  2  layers,  the  blue 
color  will  again  appear.  It  is  believed  that  all  these  reactions  taken  to- 
gether are  characteristic  of  oxalic  acid  alone. 

This  test  may  be  made  sensitive  to  one  milligram  if  the  dry  unknown 
substance  be  warmed  with  2  drops  of  a  10%  aqueous  resorcinol  solution 
and  the  sulfuric  acid  added  drop  by  drop.  The  blue  color  then  appear^ 
immediately.  For  very  dilute  solutions  of  oxalic  acid  or  its  salts,  it  is 
best  to  evaporate  to  a  concentration  of  about  10%. 

If  interfering  substances  are  present  the  oxalic  acid  may  be  precipi- 
tated in  ammoniacal  solution  as  the  calcium  salt,  washed  with  water, 
and  the  test  applied  directly  to  an  aqueous  suspension  of  the  salt. 

DlNVm,    COLOEADO. 
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[Contribution  from  thb  Department  of  Chemistry,  Syracuse  University.) 

THE  PREPARATION  AND  STUDY  OF  THE  RARER  ALKALI 
BROMATES.    CESIUM  BROMATE. 
By  C.  R.  McCrosky  and  Harold  D.  Bubll. 

Received  June  12,  1920. 

Introduction. 

The  literature  affords  no  reference  to  the  preparation  of  the  bromates 
of  cesium  and  rubidium.  Since  it  seemed  plausible  to  expect  that  these 
salts  could  exist,  as  well  defined  crystalline  bodies,  it  was  thought  worth 
while  to  attempt  their  preparation,  and  then  to  study  some  of  their  physical 
and  chemical  properties. 

The  preparation  of  cesium  bromate  is  taken  up  in  this  paper.  Later 
an  effort  will  be  made  to  prepare  and  study  the  properties  of  rubidium 
bromate. 

Preparation  of  Bromic  Acid. 

This  acid  was  made  by  the  action  of  bromine  upon  silver  bromate. 
Potassium  bromate  was  dissolved  in  water,  and  silver  nitrate  added. 
The  silver  bromate  precipitated  from  the  warm  saturated  solution  in  the 
form  of  a  fine  white  powder.  This  was  well  washed  with  water  to  free 
it  from  nitrates  of  potassium  or  silver  and  then  treated,  in  a  large  amount 
of  water,  with  liquid  bromine  as  long  as  the  color  disappeared.  Due  to  the 
slight  solubility  of  silver  bromate,  amounting  to  0.158  part  in  100  parts 
of  water,  and  also  to  the  formation  of  the  still  more  insoluble  silver  bro- 
mide, 0.000026  part  in  100  parts  of  water,  the  reaction  mixture  was 
stirred  constantly  for  2  days  or  longer  with  the  addition  of  bromine  from 
time  to  time.  The  bromic  acid  solution  was  then  decanted  from  the 
silver  bromide  and  the  excess  bromine  expelled  by  bubbling  air  through 
the  solution. 

According  to  Kammerer1  the  reactions  indicated  above  proceed  as  fol- 
lows: 

KBr03  +  AgNO,  -  AgBrOs  +  KNO3 
5AgBrO*  +  6Br  +  3  H20  =  sAgBr  +  6HBrO,. 

One  would  conclude  from  Kammerer's  work  that  all  of  the  free  bromine 
could  be  expelled,  leaving  pure  bromic  acid.  But  in  our  experience  this 
was  found  impossible,  the  solution  still  being  colored  with  a  little  bromine 
after  babbling  pure  air  through  it  for  24  to  48  hours.  It  was  apparent 
that  there  was  a  slow  decomposition  of  the  bromic  acid.  At  any  rate, 
the  reaction  proceeds  slowly,  and  in  expelling  the  excess  bromine,  only 
a  small  amount  of  bromic  acid  was  lost. 

Preparation  of  Cesium  Hydroxide. 

Cesium  chloride  was  treated  with  an  excess  of  sulfuric  acid  and  the 
mixture  heated  until  the  fumes  of  sulfur  trioxide  ceased  to  come  off. 
1  Gmelin-Kraut,  Vol.  I,  ii,  262  (1870). 


Digitized  by  VjOOQIC 


CESIUM   BROMATE.  1 787 

The  cesium  hydrogen  sulfate  was  dissolved  in  water,  and  a  saturated 
solution  of  barium  hydroxide  added  until  a  drop  gave  no  precipitate  of 
barium  sulfate.  The  clear  cesium  hydroxide  solution  was  kept  in  a 
platinum  container. 

Preparation  of  Cesium  Bromate. 

Cesium  hydroxide  was  neutralized  with  bromic  acid  and  then  an  excess 
of  the  acid  added.  The  solution  was  evaporated  somewhat  and  allowed 
to  crystallize.  Several  yields  of  crystals  were  obtained  each  time  the 
mother  liquors  were  concentrated,  and  even  the  last  yield  of  crystals 
showed  no  test  for  a  bromide.  As  the  mother  liquor  became  concentrated, 
the  liberation  of  bromine  became  quite  pronounced,  as  only  a  4.28%  solu- 
tion of  bromic  acid  is  stable  under  ordinary  conditions.1 

Examination  of  the  Product. — The  product  was  recrystallized  from 
water  and  the  resulting  crystals  were  small  but  well  defined.  The  crystals 
were  dried  at  different  temperatures,  and  each  time  the  temperature  was 
raised  there  was  a  slight  loss  in  weight,  without,  however,  any  apparent 
loss  of  crystalline  structure.  Some  of  the  substance  was  heated  in  a  test- 
tube,  whereupon  marked  decrepitation  occurred,  which  indicated  that 
water  was  held  between  the  crystals,  and  probably  accounted  for  the  loss 
in  weight  when  dried  slowly.  There  was  no  visible  deposit  of  water  on  the 
cold  portion  of  the  test-tube,  thus  indicating  the  absence  of  water  of 
crystallization.  Further  heating  caused  the  substance  to  melt  and  then 
decompose  with  the  evolution  of  large  quantities  of  oxygen.  The  residue 
gave  the  bromide  test. 

From  the  position  of  cesium  in  the  periodic  table  the  melting  point  of 
the  bromate  ought  to  be  above  that  of  potassium  bromate,  4340.  No 
comparison  could  be  made  between  the  chlorate,  bromate,  and  iodate  of 
cesium,  as  the  melting  points  of  the  first  and  last  salts  mentioned  ap- 
parently have  not  been  determined.  An  apparatus  for  determining  a 
temperature  above  360  °  was  not  on  hand,  and  only  a  rough  estimation 
could  be  obtained.  It  was  found  that  in  melted  anhydrous  zinc  chloride* 
potassium  bromate  fused  several  seconds  before  the  cesium  bromate. 

Analysis  of  the  Substance. — The  samples  of  the  salt  were  ground 
finely  in  an  agate  mortar.  They  were  then  dried  for  about  36  hours  at 
1150  and  at  the  end  of  that  time  became  constant  in  weight. 

Two  methods  of  analysis  were  employed,  the  iodometric  and  a  gravi- 
metric method  used  by  Harkins*  and  by  Baxter.4  The  latter  is  based 
upon  the  reducing  action  of  hydrazine  hydroxide  and  the  determination 
of  the  bromine  as  silver  bromide. 

.The  following  set  of  results  (Tables  I  and  II)  establish  the  Identity  of  the 

1  Gmelin-Kraut,  Vol.  I,  ii,  262  (1870). 
'  McCrosky,  This  Journal,  40,  2  (1918). 
1  Harkins,  ibid,,  33,  18 10  (1902). 
4  Baxter,  ibid.,  31,  209  (1900). 
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salt  prepared  as  cesium  bromate.  In  the  first  column  are  given  the 
weights  of  cesium  bromate  taken.  The  second  column  shows  the  amounts 
of  cesium  bromate  obtained  by  analysis  of  the  weighed  samples  of  Column 
i.  The  third  column  is  the  difference  between  the  amount  obtained  by 
analysis  and  the  weighed  sample. 

Table  I. 
Iodometric  Method  of  Analysis. 


Samples  of 

CsBrOi  weighed. 

G. 

Amt.  CsBrOs 
obtained  by  analysis. 

Difference. 
G. 

O.I022 

O.IO23 

O.OOO  I 

O.IIOO 

0.1 103 

O.OOO3 

O.IOIO 

O.IOI2 

O.OOO3 

O.O960 

O.O961 

O.OOO  I 

O.IO54 

O.IO64 

O.OOIO 

O.O992 

O.0982 

O.OOIO 

O.IO52 

O.IO47 

O.OOO5 

O.IO79 

O.I077 

0.0002' 

0.1 106 

0.1 107 

O.OOOI 

Table  II. 

Precipitation  Method  of  Analysis. 

Reduction  with  Hydrazine  Hydroxide.* 


Samples  of 

CsBrOa  weighed. 

G. 


Amt.  CsBrOs 

obtained  by  analysis. 

G. 


Difference. 
G. 


O.2866  O.2871  O.OOO5 

0.0934'  O.0934  O.OOOO 

O.IOI6  O.IO13  O.OOO3 

'  Ibid.,  31,  209  (1900).    Hydrazine  hydroxide  was  used  by  Baxter  for  reducing 
iodic  acid  in  determining  the  atomic  weight  of  iodine. 

The  Solubility  of  Cesium  Bromate. 
The  solubility  of  cesium  bromate  was  determined  at  30  °.  The  tem- 
perature of  the  bath  in  the  thermostat  varied  from  this  only  by  0.2  °  to 
0.3  °  during  the  determinations.  The  method  employed  was  essentially 
that  used  by  Buchanan,1  About  5  hours  was  allowed  for  the  salt  to  come 
into  equilibrium  with  the  solvent,  before  the  saturated  solution  was  with- 
drawn for  analysis.  This  solution  was  weighed  and  then  carefully  evap- 
orated to  dryness  until  constant  in  weight. 

Tabus  III. 
Solubility  of  Cesium  Bromate  in  100  g.  of  Water  at  300. 
G. 
4.484 

4-573 
4-525 
4-549 
4483 
4577 

Average 4.53 

1  Buchanan,  /.  Ind.  Eng.  Chcm.,  12,  448  (1920) 
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Summary. 

As  a  result  of  this  investigation  the  following  facts  have  been  estab- 
lished. 

The  preparation  of  cesium  bromate  is  probably  best  carried  out  in  acid 
solution. 

Cesium  bromate  is  a  definite  crystalline  salt  with  no  water  of  crystalliza- 
tion.   Occluded  water  causes  decrepitation. 

Its  melting  point  (not  as  yet  determined)  is  above  that  of  potassium 
bromate.  After  melting,  it  soon  decomposes,  giving  a  large  amount  of 
oxygen,  and  leaves  a  bromide. 

The  solubility  of  cesium  bromate  is  4.53  g.  in  100  g.  of  water  at  300. 

Syracuse,  Nbw  York. 


{Contribution  from  the  Chemical  Laboratory  of  Princeton  University.  ] 

THE  ELECTRO-ANALYTICAL  SEPARATION  OF  NICKEL 
(COBALT)  FROM  ARSENIC. 

By  N.  Howeix  Furman. 

Received  June  24,  1920. 

Introduction. 

This  investigation  was  undertaken  at  the  suggestion  of  Dr.  L.  W.  McCay, 
who  first  demonstrated  the  possibility  of  separating  copper  from  quin- 
quivalent arsenic  in  ammoniacal  solution  by  means  of  the  electric  current.1  . 
A  number  of  years  ago  he  attempted  the  simultaneous  separation  of 
nickel  and  cobalt  from  arsenic  by  a  similar  method,  but  found  that  the 
results  were  always  high,  owing  to  the  presence  of  arsenic  in  the  deposits. 
The  materials  which  he  used  in  these  investigations  were  specimens  of 
smaltite  and  safflorite  (arsenides  of  cobalt)  which  contained  nickel. 

The  author  has  studied  the  action  of  the  electric  current  upon  am-, 
moniacal  solutions  containing  alkali  arsenates  and  nickel  alone,  and  finds 
that  the  nickel  deposits  are  free  from  arsenic.  On  the  other  hand,  when 
cobalt  is  deposited  from  an  ammoniacal  solution  containing  arsenates 
the  deposit  invariably  contains  arsenic  in  amounts  ranging  from  6.o- 
12.0  mg.  per  0.1  g.  of  cobalt.  If  the  2  metals  are  deposited  simultaneously  • 
they  may  or  may  not  contain  arsenic,  for  its  presence  depends  upon  the 
relative  amounts  of  nickel  and  cobalt,  and  upon  the  absolute  value  of  the 
concentration  of  the  cobalt.  For  example,  with  a  total  volume  of  100  ce. 
and  a  cathode  surface  of  55  cm2.,  the  deposits  were  found  to  be  free  from 
arsenic  when  the  relative  amounts  of  the  metals  were  2.5  or  more  parts 
of  nickel  to  one  part  of  cobalt  by  weight,  and  the  total  weight  of  the  mixed 
metals  deposited  was  0.1  g.  When  the  2  metals  were  present  in  a  1  :  1 
ratio,  from  0.5  to  1.0  mg.  of  arsenic  was  found  in  a  0.1  g.  deposit  of  the 
mixed  metals.  If  the  concentration  of  the  cobalt  is  increased,  while  the 
1  McCay,  Chcm.  Ztg.,[i4,  509  (1890). 
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cathode  surface  is  kept  constant,  it  becomes  increasingly  more  difficult 
to  prevent  the  deposition  of  arsenic  with  the  cobalt-nickel  alloy.  The 
separation  described  in  this  paper,  therefore,  finds  practical  application 
in  the  analysis  of  arsenical  nickel  ores  in  which  cobalt  may  be  present, 
but  only  in  small  amounts. 

A  detailed  study  of  the  electrolysis  of  ammoniacal  solutions  containing 
cobalt  and  alkali  arsenates  is  in  progress,  and  the  results  will  be  presented 
in  a  subsequent  communication.  Heretofore  the  electrolysis  of  alkaline 
solutions  containing  arsenates  has  not  exhibited  a  reducing  action  upon  the 
arsenic  acid;  upon  this  fact  Covelli1  has  based  a  sensitive  method  for  the 
detection  of  arsenious  in  the  presence  of  arsenic  compounds. 

A  search  of  the  literature  revealed  the  fact  that  the  possibility  of  sep- 
arating nickel  from  arsenic  by  the  electrolysis  of  ammoniacal  solutions 
containing  the  2  elements  was  mentioned  briefly  in  an  early  contribution 
from  the  Mannsfeld'schen  Ober-Berg  und  Hiitten-Direktion  in  Eisleben.* 
No  experimental  results  were  published,  nor  was  the  influence  of  cobalt 
upon  the  separation  mentioned.  Later  observers  either  misinterpret 
or  ignore  this  work.  Thus  Schweder8  states,  "The  presence  of  small 
amounts  of  arsenic  is  not  harmful  in  the  electrolytic  precipitation  of 
nickel,  according  to  experiments  made  in  the  Mannsfeld'schen  Ober- 
Berg  und  Hiitten-Direktion  in  Eisleben."  Numerous  later  communica- 
tions consulted  all  advise  the  removal  of  the  arsenic  by  hydrogen  sulfide 
before  the  deposition  of  the  nickel.4 

Experimental  Part. 
Solutions  of  nickel  sulfate  were  prepared  as  needed  by  weighing  out 
suitable  quantities  of  hydrated  nickel  sulfate.  The  iron  present  was  re- 
moved by  repeated  precipitations  with  ammonium  hydroxide,  and  the 
resulting  solution  was  diluted  to  a  convenient  volume.  The  solutions 
were  standardized  by  precipitating  the  nickel  in  25  cc.  portions  from  am- 
moniacal solution  by  means  of  the  electric  current.6    The  material  used 

1  Covelli,  Chetn.  Ztg.,  33,  1209  (1909). 

'  Z.  anal.  Chem.,  zz,  14  (1872).  "Attempts  to  obtain  the  nickel  content  of 
niccolite  (Kupfer-Nickel)  gave  very  satisfactory  results.  They  prove  that  the  separa- 
tion of  the  arsenic  need  not  precede  the  electrolytic  estimation  of  the  nickel,  for  one 
obtains  the  same  results  as  if  the  arsenic  had  been  previously  removed.  When  the 
nickel  deposited  on  the  platinum,  in  the  former  case,  is  brought  into  the  Marsh  ap- 
paratus scarcely  a  trace  of  arsenic  can  be  found." 

•  Schweder,  ibid.,  z6, 344  (1877). 

4  The  extended  list  of  references  in  "Electro-Analysis"  by  E.  F.  Smith,  1912  Ed., 
p.  126,  many  additional  references  cited  in  "Die  Bestimmungsmethoden  des  Nickels  und 
Kobalts,"  by  H.  Grossmann,  as  well  as  other  communications  listed  in  Chemical  Ab- 
stracts, Vob.  1-12,  were  consulted. 

•The  details  given  in  Smith's  Electro-Analysis,  p.  127  were  followed  closely. 
Stationary  electrodes  were  used,  the  cathode  being  a  platinum  cone  in  the  analysis  of 
solution  No.  1.  and  a  "Winckler  platinum  gauze  in  the  case  of  solution  No.  2. 
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was  examined  qualitatively  and  found  to  contain  only  a  trace  of  cobalt. 
Nickbl  Pound  per  25  cc.  op  Solution. 

G.  G.  G.  Average. 

Solution  No.  i 0.1029    0.1026    0.1027    0.1027 

Solution  No.  2 0.1782    0.1784    0.1783    0.1783 

Test  Separations. — In  making  test  separations,  aliquot  portions  of  a 
standardized  nickel  sulfate  solution  were  placed  in  a  suitable  vessel. 
Known  amounts  of  arsenic  were  introduced,  either  by  weighing  out  por- 
tions of  previously  analyzed  di-hydrogen  potassium  arsenate  (KH^AsOO, 
or  by  pipetting  out  aliquot  portions  of  a  solution  of  this  salt. 

Each  solution  electrolyzed  contained  2  g.  of  ammonium  sulfate  and 
15  cc.  of  ammonium  hydroxide  (sp.  gr.  0.90)  in  a  total  volume  of  100  to 
125  cc.  The  current  was  allowed  to  act  overnight  (10  to  12  hours). 
The  nickel  was  deposited  upon  a  platinum  cone,  gauze  or  dish.  The  re- 
sults of  these  separations  are  summarized  in  Table  I. 

Table  I. 

Arsenic  Nickel  Current  Nickel 

taken.  taken.         N.  Dim.  found.  Difference. 

G.  G.  Amp.  Voltage.         ,      G.  G. 

I O.0892  O.IO27  O.46  3.3  O.I022  — O.OOO5 

2 O.0849  O.IO27  O.46  3.3  O.IO28  +O.OOOI 

3 O.0846  O.IO27  O.55  4.2  O.IO30  +O.OOO3 

4 O.0899  O.IO27  0.40  3.8  O.IO3O  +O.OOO3 

5 O.1214  O.IO27  O.55  3.5  O.IO31  -fo.0004 

6 O.I072  0.2054  °-6l  3-8  O.2055  +O.OOOI 

After  the  nickel  had  been  deposited  and  weighed  the  deposits  were 
dissolved  in  nitric  acid.  The  solutions  of  deposits  1  to  3  were  combined, 
also  those  of  deposits  4  to  6.  The  2  resulting  solutions  were  evaporated 
to  dryness,  the  residues  were  taken  up  in  as  little  nitric  acid  as  possible, 
made  ammoniacal  and  treated  with  magnesia  mixture.  After  the  solu- 
tions had  been  well  shaken  they  were  allowed  to  stand  for  some  time 
but  no  crystals  of  magnesium  ammonium  arsenate  were  deposited.  In 
both  cases  the  introduction  of  2  cc.  of  a  standard  arsenate  solution  (=*  0.1 
mg.  of  arsenic)  gave  an  unmistakable  precipitate  of  magnesium  ammonium 
arsenate  which  could  be  converted  into  brown  silver  arsenate. 

The  Separation  and  Estimation  of  Both  Nickel  and  Arsenic. 

It  is  possible  to  estimate  the  amount  of  arsenic  after  the  removal  of  the 
nickel,  as  the  results  in  Table  II  will  serve  to  show.  The  mode  of  pro- 
cedure  and  conditions  during  electrolysis  were  similar  to  those  described 
in  the  preceding  section.  After  the  removal  of  the  nickel  the  arsenic  was 
weighed  in  the  form  of  magnesium  pyroarsenate,1  or  as  arsenic  pentasul- 
fide.* 

1  Level's  method  was  used.    Treadwell-Hall,  "Quantitative  Analysis,"  1914.  pp. 
206-208, 

*  Method  devised  by  L.  W.  McCay,  Am.  Chem.  /.,  9,  174  (1887). 
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TABIX  II. 

Nickel             Nickel                                         Arsenic  Arsenic 

taken.             found.             Difference.            taken.  found  Difference. 

G.                    G.                       G.                      G.  G.  G. 

I O.1783  O.1785  4-0.0002  O.1623  O.16141  — O.OOO9 

2 0.1783        0.1784        +0.0001        0.4060        0.40711         4-O.OOII 

3 O.3566    O.3562    — O.OOO4    O.2403    0.2412*     4-0.0009 

Rapid  Determination  of  the  Nickel.— Nickel  may  be  rapidly  separated 
from  arsenic  by  using  the  well-established  methods  involving  rotating 
electrodes  and  high  current  densities.  Solutions  similar  to  those  employed 
in  the  2  preceding  sections  were  used.  Results  of  typical  determinations 
are  to  be  found  in  Table  III.  The  cathode  in  this  series  of  experiments 
was  a  platinum  dish  of  125  cc.  capacity.  The  speed  of  anode  rotation 
was  from  600  to  800  per  minute. 

Tabus  III. 

Time  for 
complete 
Nickel  Nickel  Arsenic         Current  depo* 

taken.  found.  Difference,      taken.  N.  Dim.  sition. 

G.  G.  G.  G.  Amp.  Voltage        Min. 

I O.I783  O.1783  O.OOOO  O.4060  I.25  3.6  75 

2 O.1783  0.'I779  —O.OOO4  O.8120  1.25  3-8  60 

3 O.3566  O.3564  — 0.0002  O.4060  1.50  4.2  60 

4 0.1783  0.1787  4-0.0004  0.4060  3.75  8.6  25 

Each  deposit  was  tested  in  the  manner  previously  described  and  was 
found  to  be  free  from  arsenic. 

Practical  Test  of  the  Method.— As  a  further  test  of  the  method  a 
sample  of  niccolite  (arsenide  of  nickel)  was  examined.  The  samples  of  the 
mineral  were  brought  into  solution  by  treatment  with  appropriate  amounts 
of  cone  nitric,  hydrochloric,  and  sulfuric  acids.  After  the  excess  of 
nitric  and  hydrochloric  acids  had  been  volatilized  the  small  quantity  of 
iron  present  was  precipitated  by  the  addition  of  ammonium  hydroxide. 
The  precipitate  was  freed  from  nickel  by  repeated  precipitations  with 
ammonia,  after  the  ferric  hydroxide  had  been  dissolved  in  hot  dil.  sulfuric 
acid.  The  resulting  ammoniacal  solution  of  nickel  was  then  electrolyzed, 
with  the  conditions  as  nearly  as  possible  those  described  under  "Test 
Separations."  The  mineral  examined  contained  only  a  very  small  amount 
of  cobalt.  The  per  cent,  of  metal  found  by  the  electrolytic  method  was 
(1)  38.12,  (2)  38.08,  (3)  37.88.  Previous  examination  of  the  material  by 
Mr.  F.  K.  Dimon,  a  former  honors  student,  who  used  the  excellent  volu- 
metric method  of  Moore,1  had  yielded  (1)  38.10,  (2)  37.74,  (3)  37.97% 
of  metal. 

It  is,  of  course,  evident  that  copper,  if  present  in  such  a  mineral,  will 
be  deposited  along  with  the  nickel  and  cobalt.  The  amount  of  the  copper 
may  be  readily  determined  by  electrolyzing  the  nitric  acid  solution  of  the 
deposit. 

1  Moore,  Chent.  News,  59,  160  (1889);  72,  92  (1895). 
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Summary. 

Experimental  results  have  been  communicated  which  prove  that  nickel 
may  be  quantitatively  separated  from  salts  of  arsenic  acid  in  ammoniacal 
solution  by  means  of  the  electric  current. 

The  striking  and  radical  difference  between  the  behavior  of  cobalt  and 
nickel  when  deposited  from  such  solutions  has  been  pointed  out.  This 
interesting  property  of  cobalt  is  being  made  the  subject  of  further  study 
in  order  to  determine  why  arsenic  is  always  deposited  with  cobalt  and 
not  with  nickel. 

In  conclusion  the  writer  wishes  to  thank  Dr.  L.  W.  McCay  for  very 
valuable  advice  and  suggestions  during  the  progress  of  this  work. 

PftlMCBTOlC,  N.  J. 


[Contribution  of  thb  Chbmicai,  Laboratory  op  the  Johns  Hopkins  University.  J 

A  STUDY  OF  THE  VAPOR  PRESSURE  OF  AQUEOUS  SOLUTIONS 

OF  MANNITB.1 

By  J.  C,  W.  Frazbr,  B.  F.  Lovblacb  and  T.  H.  Roosrs. 

Received  July  6,  1920. 

Introduction. 

The  vapor  pressure  method  offers  certain  advantages  for  the  investiga- 
tion of  the  colligative  properties  of  solutions,  and,  though  many  efforts 
have  been  made  to  apply  it  to  the  study  of  aqueous  solutions,  the  results 
have  not  been  entirely  successful.  The  fundamental  importance  of  the 
knowledge  of  the  vapor  pressure  of  solutions  is  shown  by  its  frequent 
use  in  thermodynamic  formulas.  In  practice  2  methods,  known  as  the 
dynamic  and  static  methods,  have  been  used.  The  first  depends  on  the 
determination  of  the  amount  of  the  solvent  required  to  saturate  the  same 
volume  of  air  when  in  equilibrium  with  the  solvent  and  solution,  respec- 
tively, both  maintained  at  the  same  constant  temperature.  This  method 
has  been  used  by  Ostwald;  the  Earl  of  Berkeley1  and  his  associates  have 
investigated  the  various  sources  of  error  involved  in  this  method  and 
have  made  many  improvements  in  the  apparatus  and  details  of  manipula- 
tion. The  recent  work  of  Washburn3  has  been  essentially  an  applica- 
tion of  the  apparatus  of  Berkeley. 

Some  time  ago  Frazer  and  Lovelace,4  in  spite  of  the  failure  of  earlier 
workers,  described  an  apparatus  and  manipulation  by  which  accurate 
measurements  of  vapor  pressure  of  aqueous  solution  by  the  static  method 
could  be  made.    Many  of  the  errors  which  had  previously  been  encoun- 

1  The  experimental  part  of  this  article  forms  the  basis  of  a  dissertation  submitted 
by  T.  H.  Rogers  to  the  Johns  Hopkins  University. 
*Proc.  Roy.  Soc.  A.,  17,  156  (1006). 
'  Washburn,  This  Journal,  37»  309  (1915)- 
4  Frazer  and  Lovelace,  ibid.,  36,  2439  (1914);  z-  physik.  Chcm.,  89,  153  (1914)- 
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tered  in  attempting  to  apply  this  method  were  eliminated  by  making 
it  differential,  comparing  directly,  by  means  of  the  Rayleigh  manometer, 
the  vapor  pressures  above  the  solution  and  the  pure  solvent  when  both 
were  maintained  in  the  same  accurately  regulated  thermostat. 

After  preliminary  work  certain  improvements  were  made  in  the  tem- 
perature regulation  and  the  method  of  stirring,  and  the  method  was  ap- 
plied to  the  study  of  aqueous  solutions  of  mannite.  After  the  elimina- 
tion of  certain  other  slight  sources  of  error  the  method  was  extended  to 
aqueous  solutions  of  potassium  chloride.1 

The  present  paper  is  a  repetition  of  the  study  of  mannite  solutions  in 
the  course  of  which  an  additional  slight  source  of  error  was  discovered 
and  eliminated.  The  work  on  potassium  chloride  solutions  was  also  re- 
peated, the  results  of  which  will  be  the  subject  of  a  future  communica- 
tion. 

Experimental. 

Series  I. — The  apparatus  used  for  this  work  was  that  described  in 
the  work  on  potassium  chloride  solutions.1  The  mannite  used  was  care- 
fully purified  and  the  same  sample  used  throughout.  The  experimental 
details  were  carried  out  in  this  series  in  practically  the  same  manner  as 
in  the  previous  work.  The  solutions  were  subjected  to  a  preliminary 
removal  of  air  by  repeatedly  exhausting  the  space  above  the  solution  con- 
tained in  a  specially  constructed  flask  as  there  described,  and  were  f  urther 
freed  from  air  after  they  were  introduced  into  the  bath.  Often  the  vapor 
was  allowed  to  expand  into  an  evacuated  bulb  as  many  as  25  times  be- 
fore the  solution  was  sufficiently  air-free  to  take  observations.  The  test 
for  air  was  made  by  measuring  with  the  McLeod  gage  the  residual  pressure 
after  the  liter  bulb,  which  contained  the  vapor  from  the  solution,  had 
been  opened  to  the  flask  containing  phosphorus  pentoxide. 

To  insure  equilibrium  between  liquid  and  vapor  phase  before  testing, 
the  solution  was  left  open  to  the  vapor  bulb  for  24  hours  with  intermittent 
stirring  of  the  solution.  When  the  test  was  made,  it  was  observed  that 
while  practically  all  the  vapor  seemed  to  be  absorbed  in  pe^Jiaps  a  half 
hour,  a  further  slow  absorption  took  place  for  a  number (o£  hours.  At 
the  end  of  about  12  hours  the  reading  on,  the  gage  became  constant 
and,  if  the  pressure  indicated  was  0.0005  mmv  or  less,  the  test  was 
considered  satisfactory  and  the  air  present  deemed  negligible.  White 
this  behavior,  especially  the  slowness  of  the  absorption,  occasioxi^d  sur- 
prise, its  significance  was  entirely  overlooked  during  this  series,   ,t , 

Observations. — A  careful  study  was  made  of  the  proper  conditions 
for  taking  observations.  In  the  light  of  the '".previous7 W<jrk  ft  wai'bbvious 
that  an  essential  condition  is  that  the  temperature,  of  ^he  roqj^sti£plcf  be 
1  Lovelace,  Frazer  and  Miller.  This  Journal.  38*  5*5'(w£k.f  I  ,if:w^;i7;  - 
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fairly  constant.  As  the  work  progressed,  however,  it  was  found  un- 
necessary to  provide  for  any  special  regulation  of  the  temperature  of  the 
room,  though  it  is  necessary,  of  course,  to  prevent  any  sudden  change. 
Under  these  conditions  evaporation  and  condensation  at  the  surface 
of  the  solvent  and  solutions  are  sufficiently  rapid  to  prevent  any  dis- 
turbance in  the  pressure  of  the  system  caused  by  the  slow  fluctuations 
of  the  room  temperature. 

After  removal  from  the  bath  the  solutions  were  analyzed  both  by  the 
use  of  the  interferometer  and  by  evaporating  a  weighed  portion  to  dry- 
ness and  heating  the  residue  to  constant  weight  at  1300.  The  results 
of  the  2  methods  accorded  well. 

Table  I  gives  in  brief  the  results  of  this  (preliminary)  investigation  of 
the  lowerings  of  mannite  solutions  of  10  different  concentrations.  Col- 
umn 1  gives  the  concentrations  expressed  in  mols  (O  =  16)  of  solute 
per  1000  g.  of  solvent.  Column  3  gives  the  lowerings  produced  in  mm. 
of  mercury  at  the  prevailing  room  temperature.  For  the  sake  of  com- 
parison, Column  2  gives  the  lowerings  found  by  Mullikin1  expressed  simi- 
larly. His  data  have  been  extrapolated  over  a  slight  range  in  order  to 
get  values  corresponding  to  the  concentrations  in  Column  1. 

Column  4  shows  the  theoretical  lowerings  of  these  solutions  as  calcu- 
lated from  Raoult's  law,  and  under  the  same  conditions  as  the  values  in 
Columns  2  and  3.  Column  5  gives  the  deviations  from  Raoult's  law 
of  the  values  found  in  this  series. 

Tabu*  I. 
Comparison  of  the  Values  Obtained  for  the  Lowering  of  Mannite  Solutions. 


M. 

Mullikin. 

Series  I. 

Calculated. 

Difference. 

Series  II. 

0.0095 

O.O387 

O.0280 

O.0314 

O.OO34 

O.03H 

O.I993 

O.O587 

O.0585 

0.06/7 

O.OO42 

O.062O 

O.2085 

O.OO06 

O.0882 

0.0939 

O.OO57 

O.0930 

0.3384 

0.1 188 

O.I22I 

O.I25I 

O.OO30 

O.1239 

O.4986 

O.I538 

O.I533 

O.1563 

O.OO30 

O.I553 

O.5968 

O.1819 

O.1867 

O.OO48 

O.1869 

O.6960 

0.2I27 

0.2175 

O.OO48 

0.2I73 

0.7958 

O.2471 

O.2489 

O.OOI8 

O.2491 

0.8944 

O.274O 

O.2784 

O.OO44 

O.2802 

O.994I 

O.3061 

O.3088 

O.OO27 

O.3XO8 

Column  6  gives  the  values  found  in  Series  II  (vide  infra)  extrapolated 
and  expressed  similarly. 

The  agreement  of  the  results  in  Series  I  with  those  of  Mullikin  is  fair, 
though  in  several  cases  there  is  greater  deviation  than  the  0.001  mm. 
claimed  as  the  accuracy  of  the  method.  However,  the  nearly  constant 
deviation  from  Raoult's  law  was  suspicious,  especially  in  the  concentra- 
tions where  the  best  agreement~would  be  expected.  In  order  to  make 
1  R.  Muftflrin,  Dissertation,  Johns  Hopkins  Univ.,  1916 . 
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certain  that  the  solutions  measured  were  free  from  air  another  method 
of  preliminary  removal  of  air  was  devised.  This  will  be  described  when 
the  discussion  of  the  results  of  Series  II  is  taken  up.  It  was  found  that 
solutions  so  prepared  gave  a  lowering  from  0.003  to  0.005  mm-  greater 
than  those  recorded  in  Series  I.  Further,  when  tests  for  air  were  made 
on  the  solutions  of  Series  II,  the  readings  on  the  McLeod  gage  showed 
negligible  air  pressure  after  20  minutes  absorption  by  the  phosphorus 
pentoxide.  This  difference  in  behavior  was  obviously  due  to  the  fact 
that  the  solutions  of  Series  I  were  measured  with  an  air  pressure  of  0.003- 
0.005  mm-  The  gage  readings  on  air  tests  should  have  been  made  after 
the  same  length  of  time,  20  minutes,  whereupon  the  air  present  would 
have  been  discovered.  If  the  pentoxide  is  kept  open  for  a  longer  time,  ad- 
sorption of  the  residual  air  takes  place  slowly,  both  by  the  pentoxide 
and  the  glass  surfaces1  of  the  system.  The  agreement  between  MuHikin's 
results  and  those  of  Series  I  is  better  than  might  be  expected  since  the 
solutions  in  Series  I  were  measured  with  an  air  pressure  of  about  0.004 
mm.  But  this  residual  amount  of  air  pressure  was  practically  the  same 
in  each  case  since  the  same  methods  of  preparation  of  solutions  were 
used  and  the  same  criterion  adopted  for  testing  the  presence  of  air,  the 
result  being  that  nearly  the  same  amount  of  air  was  left  in  practically 
every  case. 

Series  II.  Preparation  of  the  Solutions. — In  order  that  the  solutions 
might  be  made  up  to  a  definite  concentration  it  seemed  best  to  have 
both  solvent  and  solute  free  from  air  and  mix  the  two  in  a  vacuum.  After 
several  trials  a  method  was  found  which  accomplished  this  in  a  satisfac- 
tory manner. 

The  water  is  introduced  into  a  500-cc.  flask  A,  Fig.  1,  to  which  is  sealed 
a  length  of  7  mm.  glass  tubing.  A  constriction  a  is  drawn  near  the  end 
of  the  tube  and  a  short  piece  of  rubber  tubing  fitted  on  the  end.  After 
boiling  the  water  vigorously  for  30-35  minutes,  the  rubber  tiibe  is^  sud- 
denly pinched  shut,  at  the  same  time  removing  the  burner.  The  tube  is 
then  quickly  sealed  off  at  the  constriction.  The  flask  having  been  pre- 
viously weighed,  by  weighing  the  sealed  flask  and  tip  the  amount  of  water 
contained  is  determined. 

A  short  length  of  tubing  is  sealed  to  the  neck  of  a  300-cc.  flask  and 
another  into  the  bottom,  as  shown  in  B,  Figs.  1  and  2.  An  amount  of 
solute  corresponding  to  the  weight  of  water  prepared  is  introduced  in 
the  flask.  After  making  a  file  mark  on  the  tip,  the  tube  of  the  flask  con- 
taining the  water  is  joined  to  one  end  of  the  flask  B  by  means  of  a  stout 
rubber  tube,  as  shown  in  Fig  2,  and  the  other  end  is  connected  to  a  vacuum 
pump.  The  solute  is  thus  freed  from  air  after  several  hours  pumping* . 
Finally  the  tube  connecting  to  the  pump  is  sealed  off  at  b  and  tie  solute 
1  Menzies,  This  Journal,  42,  978  (1920). 
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and  solvent  mixed  by  breaking  the  tip  of  the  flask  A  inside  the  connecting 
rubber  tube.  After  solution  is  effected,  the  rubber  tube  is  pinched  shut, 
the  flask  A  removed  and  a  specially  constructed  pipet,  p ,  Fig.  3,  put  in 
its  place.  A  file  scratch  is  made  on  the  other  end  of  the  flask  now  free 
and  connection  made  to  a  mercury  reservoir  as  shown.    To  introduce 


no  1 


\Lr 


the  solution  this  tip  is  broken  under  the  mercury  and  the  end  of  the  pipet 
placed  under  the  bottom  of  the  tube  which,  dipping  in  mercury,  leads 
up  into  the  temperature  bath.1  Under  pressure  from  the  reservoir  the 
solution  flows  out  of  the  flask  and  bubbles  up  through  the  mercury  to 
the  reservoir  in  the  bath. 

1  See  Fig.  1,  This  Journal,  38, 517  (1916). 
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Solutions  prepared  and  introduced  in  this  manner  require  only  a  few 
vapor  expansions  in  the  bath  in  order  to  remove  the  air  completely.  The 
use  of  rubber  tubing  for  a  connection  in  the  apparatus  cannot  be  con- 
veniently avoided  and  no  trouble  from  leakage  was  experienced  after  a 
good  grade  of  antimony  rubber  tubing  had  been  selected  and  care  taken 
to  wire  the  end.  Absolutely  complete  removal  of  air  in  the  preparation 
of  a  solution  was  not  attempted,  as  there  is  always  some  afr  taken  up  in 
introducing,  due  to  the  slight  amount  of  air  trapped  by  the  mercury  col- 
umn on  the  walls  of  the  tubes  leading  up  into  the  bath*  The  flask  in 
which  the  water  was  boiled  was  steamed  out  thoroughly  before  using. 
After  this  a  sample  of  water  which  had  been  boiled  in  the  flask  for  35 
minutes  was  compared  in  the  interferometer  with  a  sample  of  conductivity 
water.  The  difference  in  density  was  found  to  be  very  slight  and  cer- 
tainly not  enough  impurities  were  present  to  effect  a  lowering  of  the  vapor 
pressure.  In  this  work  either  conductivity  water  or  cpstilled  water,  which 
compared  favorably  in  the  interferometer  with  conductivity  water,  was 
used  throughout. 

Observations. — The  readings  were  taken  under  conditions  as  de- 
scribed in  Series 'I.  Frequently  observations  were  attempted  before  the 
solutions  were  air-free,  as  in  this  way  the  rate  of  the  removal  of  air  could 
be  followed.  Hence  these  preliminary  readings  were  not  reliable  and  no 
results  are  recorded  here  unless  the  solutions  had  been  shown  to  have  less 
than  o  .0004  mm.  residual  air  pressure.  The  exact  reading  of  the  McLeod 
gage  is  unsatisfactory  at  this  slight  pressure,  but  it  is  safe  to  say  that  the 
maximum  air  pressure  of  a  solution  considered  air-free  was  as  small  as 
this  amount,  while  generally  it  was  much  less.  At  the  time  of  making 
readings  the  residual  air  was  certainly  less,  for  the  solution  and  solvent 
were  subjected  to  a  fresh  vapor  expansion  just  before  observations  were 
made. 

Constant  readings  can  be  obtained  within  15  minutes  after  opening 
a  solution  to  an  evacuated  bulb.  If  appreciable  air  were  present  in  the 
solution  the  deflection  would  not  be  constant,  due  to  air  coming  out  of 
the  solution  gradually.  This  phenomenon  was  actually  observed  in 
many  preliminary  observations  on  solutions  known  to  contain  air,  when 
the  readings  would  gradually  drop.  When  the  solution  is  once  freed 
from  air  no  trouble  is  experienced  in  getting  a  series  of  concordant  meas- 
urements. 

The  observations  were  continued  until  at  least  5  consecutive  concordant 
sets  were  obtained.  In  these  final  measurements  as  recorded  here  no 
values  have  been  discarded  unless  the  data  were  unreliable  for  obvious 
reasons,  such  as  the  loss  of  the  zero  point,  or  a  change  in  bath  tempera- 
ture.  A  few  non-concordant  values  are  bracketed.  Some  readings 
were  taken  while  the  solutions  were  being  stirred  at  a  variable  speed 
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and  the  deflections  were  found  to  be  independent  of  the  rate  of  stirring, 
so  that  practically  all  of  the  observations  were  made  with  constant  speed 
stirring.  The  arrangement  mentioned  was  such  that  the  rate  of  stirring 
was  changed  over  a  wide  range  several  times  each  minute,  thus  effectually 
preventing  surface  concentration. 

The  zero  point  of  the  measurement  is  given  by  the  setting  of  the  manom- 
eter when  the  limbs  of  this  instrument  are  open  to  one  another.  This 
reading  was  always  taken  before  and  after  each  reading  of  the  deflec- 
tion. Sometimes  due  to  the  slight  unsteadiness  of  the  telescope  mount- 
ing, the  zero  value  was  not  checked.  In  such  cases  the  deflection  was 
taken  again.  If  the  2  values  checked,  these  2  deflections  together  with 
the  included  zero  point,  were  used  to  compute  the  lowering. 

To  calculate  the  lowering,  the  scale  deflection,  s,  the  distance  between 
the  points  of  the  manometer,  d%  and  the  distance  from  the  mirror  on  the 
manometer  to  the  scale  D,  must  be  known.  The  lowering,  h,  is  given 
by  the  expression1  h  =  (I/2D  s  or,  h  =  ks.  This  involves  the  assump- 
tion that  sin  0  =  l/2  tan  26,  where  0  is  the  angle  of  tilt  of  the  manometer. 
This  assumption  is  found  not  to  introduce  an  appreciable  error  in  the 
case  of  the  most  concentrated  solution  investigated  here.  The  value  of 
d  for  the  manometer  was  redetermined  and  the  length,  D,  was  frequently 
checked.  The  value  of  h  thus  calculated  is  the  height  of  a  column  of 
mercury  at  room  temperature,  about  24  °.  This  is  corrected  to  the  height 
of  a  column  of  mercury  at  o°,  which  is  the  lowering  p0  —  p%. 

Analysis. — After  taking  due  precaution  to  keep  the  solution  as  near  as 
possible  to  the  original  concentration  in  removing  it  from  the  bath,  the 
exact  concentration  was  determined.  The  Rayleigh-Zeiss  interferometer 
served  admirably  for  this  purpose.  With  a  20  mm.  cell  a  solution  can 
be  compared  with  a  standard  with  as  great  an  accuracy  as  that  with  which 
the  standard  can  be  prepared.  By  making  a  rough  analysis  and  then 
preparing  a  standard  of  very  nearly  the  concentration  of  the  solution  being 
analyzed  the  interferometer  serves  practically  as  a  zero  instrument. 
Often  as  a  check  the  weighed  portion  of  a  solution  was  evaporated  to 
dryness  and  the  residue  dried  to  a  constant  weight  at  1300.  These  re- 
sults accorded  well  with  those  from  the  interferometer  method.  No 
trouble  was  experienced  in  getting  a  constant  weight  of  the  mannite 
residue,  a  difficulty  mentioned  by  Fliigel.*  The  molar  concentration 
was  thus  easily  determined  with  an  accuracy  of  2  X  io~"4  weight  molar, 
which  corresponds  to  a  vapor  pressure  lowering  of  less  than  0.0001  mm. 
The  concentration  was  always  expressed  in  terms  of  raols  of  mannite 
per  1000  g.  of  water,  the  weights  being  reduced  to  the  vacuum  standard, 
and  182 .  12  employed  as  the  molecular  weight  of  mannite. 

1  This  Journal,  36,  2440  (1914). 

1  Fltigel,  Z.  physik.  Chem.,  79,  577  (19"). 
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Results. 

0.09845  if  Mamnte 

Date. 

Zero. 

Reading. 

Zero. 

Deflection  (taean) 

Il/8/l6 

I.X 

7.2 

1.0 

7.0 

0.95 

7.1 

0.95 
I.O 

6 

IO 

n/9/16 

1.0 

X.05 

7.1 
705 

I.05 

7-1 

1.1 

6 

OI 

II/9/16 

1.9 

1.8 
1.75 

79 
79 

1.9 
1.8 

1.8 

7.95 

1.7 

6 

II 

Il/lo/l6 

o.95 
x.o 

7.0 
7.0 

1.0 

. . 

7.0 

0.95 

6 

02 

Il/ll/l6 

2.0 
2.0 

8.1 

8.15 
8.0 

2.05 

.  . 

8.1 

2.05 

6 

08 

Il/ll/l6 

2.8 
2.8 

8.9 
8.95 

2.8 

2.9 

8.85             [ 

2.9 

6 

.06 

Average  deflection 

1 

6.06  mm. 

Lowering  (corr.  to  Hg  at 

o°) 

■•  0.0307  1 

did. 

Maximum  deviation 

■»  o.oooc  mm. 

*  - 

O.OO5080 

0.4938  JfMannite 

Date. 

Zero. 

Reading. 

Zero. 

Reading. 

Deflection  (m< 

I2/l/l6 

290.05 

320.I 

290.O 

320.I 

289.95 

32< 

).I 

290.05 

320.05 

289.95 

32< 

>.I5 

30.I5 

12/2/16 

320.7 

290.45 

32C 

>.,6 

320.7 

290.5 

32C 

>75 

320.7 

290.5 

32< 

>-75 

30.22 

12/2/16 

29O.8 
29O.8 

32I.O 
32I.O 
32I.O 

290.8 
29085 

30.I9 

I2/2/16 

290.4 
290.4 

320.55 
320.55 

290.4 

320.5 

290.4 

30.X3 

12/3/16 

29O.O 
290.05 

320.35 

320.3 

320.3 

290.O 

30.3I 

Average  deflection 30.20  mm. 

Lowering  (corr.) -  o.  1542  mm. 

Maximum  deviation «  0.0007  mm. 

k  -  0.005x09 
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Vapor  pressure  op  mannitb  solutions. 


i  Sot 


0.9908  M  Maxmite. 


Date. 

Zero. 

Reading. 

Zero. 

n/17/16 

.2.95 

63.9 

*  • 

2.95 

63.9 

• . 

63.85 

2.9 

Xl/18/16 

2.X 

6305 

.. 

6305 

.. 

.  . 

63.05 

2.1 

11/19/16 

1. 15 

62.X 

.. 

I.O5 

62.05 

X.05 

62.05 

I.05 

n/20/16 

2.95 

64.O 

2.9 

.. 

64.O 

3.0 

64.O 

3.0 

11/20/16 

2.65 

637 

63.7 

2-7 

63.6 

2.65 

Deflection  (mean) 


60.95 


60.93 


60.99 


61.04 


60.99 


Average  deflection.. 60.98] 

Scale  corrected 61 .  20  mm. 

Lowering  (corr.) »•  0.3109  mm. 

Maximum  deviation =  0.0004  mm. 

k  ■»  0.005080 

Tabus  II. 
Summary  of  Data. 
G  ■»  g.  of  mannite  per  1000  g.  of  water  (in  vacuo). 
M  —  concentration  in  moles  per  1000  g.  of  solvent. 
s  m  scale  deflection  in  mm. 

Po-Pi  —  vapor  pressure  lowering  in  mm.  mercury  (mercury  corr.  to  o°). 
K  -  d/2D 
Cak.  —  lowering  calculated  according  to  Raoult's  law. 
DixT.  —  difference  between  calculated  and  observed  lowermgs. 

G.     M.  s.      p0— pi.kXlO-*.   Celc. 

X7.930  O.0984  6.06  O.0307  5080  O.0311 

36.004  O.1977  12.15  O.0614  5o8o  O.0622 

53'95I  O.2962  18.23  O.0922  5080  O.0931 

7X.9X7  O.3945  24.26  O.I227  5080  O.1239 

89.938  O.4938  30.20  O.1536  5109  O.1547 
108.243  O.5944  36.56  O.1860  5109  O.1858 
108.498  O.5958  36.63  O.1863  5109  O.1862 
126.283  O.6934  42.50  O.2162  5109  0.2x64 
144357  O.7927  48.71  O.2478  5x09  O.2469 
162.332  O.8913  54.86  O.2791  5109  O.2772 
162.485  0.8922  55-20  O.2792  5080  0.2775  — 0.0017  158.2 
180.451  0.9908  61.20  O.3096  5080  O.3076 

Above,  the  complete  data  for  0.1,  0.5  and  1.0  molar  concentrations 
are  given.  A  table  summarizing  all  the  results  for  the  12  concentrations 
studied  is  shown;  the  detail  data  for  9  solutions  are  omitted  for  the  sake 
of  brevity. 


Diff. 

Mol.     A, — a, 
fract.    **.           -i 
XlO-«.n/tf+* 

M         O.  P. 

O.OOO4 

17.70 

17. 3X 

0.3H3     2.343 

O.OOO8 

35.48 

1732 

O.3108     4.703 

O.OOO9 

53.09 

17.37 

O.3133     7.O4O 

O.OOI2 

70.64 

17.37 

O.3107     9*392 

O.OOIX 

88.18 

17.42 

O.3XII    II.78 

-O.O0O2 

IO5.9 

1755 

O.3129  14.27 

-O.OOOI 

XO6.2 

17.55 

O.3128      ... 

-0.0002 

X23-4 

1756 

O.3118   16.61 

-0.0009 

140.8 

X7.60 

0.3x26  19.07 

-0.0019 

158.O 

17.66 

O.3131  21.50 

-0.0017 

158.2 

1765 

O.3129      ... 

-0.0020 

175-4 

1765 

O.3124  23.88 
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Discussion  of  Results. 
Accuracy  of  the  Method. — Significant  errors  arising  from  a  varia- 
tion in  the  temperature  are  hardly  possible,  as  no. variation  could  be  de- 
tected by  a  sensitive  Beckmann  thermometer  for  days  at  a  time.  The 
chance  errors  of  observation  are  very  small  as  will  be  seen  by  a  considera- 
tion of  probabilities.  Three  readings  at  least  were  always  made  of  the 
zero  point  and  of  each  deflection.  The  average  error  of  the  zero-point 
setting  was  about  0.03  mm.  and  that  of  the  deflection  reading  0.04  mm. 
scale  deflection.  This  gives  an  average  error  of  each  measurement  of 
V(p.o3)*  +  (0.04)2  =  0.05  mm.,  or  for  5  observations,  0.01  mm. 
scale  deflection.  The  probability  that  a  given  series  of  observations  will 
be  within  this  range  is  about  4/7.  In  other  words,  under  the  conditions 
of  the  work,  4  times  out  of  7,  the  error  of  the  observation  of  the  lowering 
will  be  within  0.01  mm.  scale  deflection,  corresponding  to  0.00005  mm. 
actual  lowering.  However,  this  does  not  represent  at  all  the  accuracy 
of  the  method,  for  there  may  be  certain  constant  errors  whose  relative 
values  are  additive  in  calculating  the  final  error.  1.  There  may  be  a 
slight  amount  of  air  present.  2.  There  is  a  possibility  that  the  surface 
concentration  of  the  solution  is  not  entirely  overcome  by  stirring  the  solu- 
tion during  the  reading.  Altogether  it  is  evident  that  the  method  is 
limited  in  its  accuracy  by  these  factors  and  not  by  errors  of  observation; 
viz,,  (a)  measuring  the  deflection  and  (6)  analyzing  the  solution.  The  2 
separate  determinations  at  0.6  and  at  0.9  M  with  the  greater  variation 
in  the  latter  case  of  only  0.0002  mm.  serve  as  a  striking  confirmation. 
It  is  believed  that  the  values  in  Table  II  are  correct  within  0.0006  mm. 
Raoult's  Law. — Table  II  shows  a  summary  of  the  results  and  gives 
the  deviation  from  Raoult's  law,  the  validity  of  which  has  been  supported 
from  theoretical  considerations  by  van  Laar,  G.  N.  Lewis  and  others. 

In  calculating  the  theoretical  lowering  the  equation  — ~  =  7- 

p0  N  +  n 

was  used,  where  p 0  is  the  vapor  pressure  of  the  pure  solvent  at  the  same 
temperature,  pi  the  vapor  pressure  of  the  solution,  n  the  number  of  moles 
of  solute,  and  N  the  number  of  moles  of  solvent.  p0  has  been  accurately 
determined  by  Holborn  and  Henning  and  by  Scheel  and  Heuse,  who  give 
the  value  17.539  mm.  The  agreement  of  lowerings  thus  calculated  with 
experimental  values  is  much  closer  than  when  the  old  form  of  Raoult's 

law  is  used,  po  —  pl  =  -.    It  will  be  seen  from  Col.  1,  Table  II  that  the 

po  N 

observed  values  are  increasingly  smaller  than  those  calculated  until  a 
maximum  positive  deviation  is  reached  at  about  o .  4  Af.  At  about  o .  6  M 
the  calculated  and  observed  values  are  the  same,  and  it  is  not  until  a 
higher  concentration  is  reached  that  there  is  a  marked  negative  devia- 
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tion  from  Raoult's  law.  However,  although  the  deviation  in  the  range 
0.1  to  0.8  M  is  never  much  greater  than  the  0.0006  mm.  claimed  as 
the  accuracy  of  the  method,  it  must  be  emphasized  that  the  results  are 
relatively  accurate  enough  to  allow  us  to  draw  some  conclusions  from 
these  deviations. 

In  order  to  facilitate  comparison  and  to  magnify  the  deviations  the 
value  of  the  lowering  may  be  divided  by  the  concentration.  Hence  it  is 
often  the  custom  to  examine  vapor  pressure  results  in  the  light  of  the 
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Cone,  in  Mols.  per.  1000  g.  of  water. 
•Upper  Curve — Molecular  lowering  of  Mannite  solutions  at  200  C.    Lower  Curv* 
The  ratio  of  the  vapor  pressure  lowering  to  the  Molar  Fraction. 
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molecular  lowering  value,  (j> 0  —  pi)/M,  and  for  that  reason  this  value 
has  been  plotted  against  concentration  in  Fig.  4  (upper  curve).  How- 
ever, this  function  has  no  theoretical  significance,  as  will  be  seen ;  since 


P 1    =  Po 


the  molecular  lowering, 


N  +  n 


Po  —  P\  'm         Po 

n  n  +  N' 


The  function,  Po/N  +  w,  is  a  decreasing  one,  with  respect  to  n.  It 
seems  that  it  is  often  thought  that  molecular  lowerings  should  be  con- 
stant, but  for  an  ideal  solution  the  molecular  lowering  curve  is  concave 
downward,  only  slightly,  however,  in  dilute  solutions.    Thus  it  is  evi- 
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dent  that  conclusions  drawn  from  the  molecular  lowering  curve  may  be 
misleading. 

It  is  more  logical  to  calculate  the  value  of  the  lowering  divided  by  the 
mol  fraction,  which,  according  to  Raoult's  law,  is  a  constant,  viz.,  the 
vapor  pressure  of  water  at  the  temperature  in  question. 

Po  P\   _   j, 

=  fo- 

n 

N  +  n 
This  function  has  a  real  meaning.  The  value  of  this  function  is  plotted 
against  concentration  in  Fig.  4  (lower  curve).  An  examination  of  the 
curve  gives  one  a  clear  and  accurate  idea  of  the  behavior  of  mannite 
solutions.  The  smoothness  of  the  curve  in  the  dilute  region,  where  a 
difference  of  0.001  mm.  would  bring  a  value  quite  out  of  line,  indicates 
the  normal  character  of  aqueous  mannite  solutions  up  to  0.5  Af,  above 
which  slight  irregularities  begin.  The  rise  in  the  curve  in  the  higher  con- 
centrations may  be  attributed  to  hydration.  It  is 'unfortunate  that  we 
are  limited  in  further  investigation  by  the  solubility  of  this  substance. 

Von  Babo's  Law  and  the  Heat  of  Dilution. — The  temperature  coeffi- 
cient of  the  vapor  pressure  of  solutions  is  of  interest,  and  for  this  purpose 
comparison  of  the  results  at  20  °  with  those  at  other  temperatures  will 
be  made.  There  are  no  data  of  sufficient  accuracy  on  the  vapor  pressures 
of  mannite  solutions  at  other  temperatures,  and  we  resorted  to  indirect 
comparison  by  means  of  boiling-point  and  freezing-point  data.  Loomis1 
found  that  the  molecular  freezing-point  lowerings  of  mannite  solutions 
arejperfectly  constant.  The  accurate  freezing-point  work  of  Adams,1 
using  very  dilute  solutions,  has  shown  Loomis  to  be  slightly  in  error,  but 
this  is  negligible  for  the  present  comparison.  The  most  concentrated 
solution  measured  by  Hall  and  Harkins,*  using  Adams'  method,  was  o .  1 197 
and  they  confirmed  closely  the  lowering  found  by  Loomis.  Recently 
Braham4  has  determined  the  lowering  of  2  concentrations  of  mannite 
solutions,  obtaining  value  slightly  higher  than  those  of  Loomis. 

The  relation  between  the  freezing-point  lowering  and  the  vapor  pressure 
of  a  solution  is' 


1  Loomis,  Z.  physik.  Chem.,  32,  599  (1897). 

*  Adams,  This  Journal,  37»  481  (1915). 

•  Hall  and  Harkins,  ibid.,  38,  2658  (1916). 

*  Braham,  ibid.,  41,  1707  (1919)- 

•  This  expression  is  often  deduced  simply  from  the  equation  of  Clausius-Clapeyron 
for  the  variation  of  the  vapor  pressure  of  water  with  the  temperature  and  a  similar 
one  for  ice,  since  at  the  freezing-point  of  a  solution  its  vapor  pressure  is  equal  to  that  of 
ice. 
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where  Lp  is  the  latent  heat  of  the  solvent  and  T0  and  TP  ate,  respectively, 
the  freezing-points  (absolute)  of  solvent  and  solution.  Assuming  that 
LP  is  independent   of   temperature   the   right-hand   member  becomes 

,  where  t  is  the  lowering.    However,  it  is  known  that  the  heat  of 
RT0Tp 

fusion  decreases  with  lowering  temperature  and  it  is  necessary  to  intro- 
duce a  slightly  different  expression  to  take  care  of  this.  This  variation 
is  fundamentally  the  variation  of  thte  specific  heat  of  ice,  and  Jiittner1 
puts,  Lp  =  L0  +  a(TF  +  T0),  where  Lp  and  L0  are  the  heats  of  fusion 
at  TF  and  T0  and  a  =  5  —  S',  the  difference  between  the  specific  heats 
of  water  and  ice  at  TF.    This  gives  the  expression 

pi       R  LTc  TP  \        Tp/J 

He  calculated  the  values  of  In  p0/p  for  mannite  solutions  using  L0  —  80.7 
and  a  =  0.504  cal.  The  heat  of  fusion  and  the  specific  heat  of  ice  have 
since  been  accurately  determined  by  Dickinson  and  Osborne,*  who  ob- 
tained L0  »  79.67  calu»  and  S'  =*  0.5052  calu».  Recalculating,  using 
these  figures,  R  =  1.985  and  S  =  1.007,  values  about  1.5%  lower  are 
obtained  and  are  given  in  Column  4  of  Table  III. 

Callendar*  has  treated  this  question  similarly  but  has  included  also 
the  variation  of  the  specific  heats  with  temperature.    The  expression  is 


ln  f  =  WTTT.  +  T \  '(S-S0dr-A  \s-S')  ^ 


The  specific  heat  of  water  is  not  known  accurately  below  o°  but  the  inte- 
grals are  solved  by  making  different  assumptions  as  to  the  variation  of 
S  —  S'  with  temperature.  Nernst*  states  that  this  varies  inversely  with 
the  temperature  just  below  o°.  Callendar's  final  expression  on  this  basis 
is 

p*       RTpTo        R\TP      TP^      T0J 

Values  calculated  by  this  equation  differ  only  slightly  from  those  from 

Eqiiation  I,  and  are  given  in  Column  5  of  Table  III.    It  was  also  found 

that  the  simplified  expression,  proposed  by  Callendar 

f    p0       ML0t  ^    4 

In  £Z  =  —  =  0.9695* 

f      RTo2 
gives  values  practically  identical  with  those  of  his  rigid  expression,  smee  i 
is  never  greater  than  i°; 

1  Jflttner,  Z.physik.  Chem.t  38,  no  (1901). 

f  Osborne,  Bur.  Standards  Set.  Paper,  24ft  (191 8):  ' 

*  Callendar,  Proc.  Roy.  Sac.  A.,  80,  446  (1908). 

'Nernst,  Trans.  Faraday  Soe.,  6,  117  (1910). 
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Vapor  pressure  ratios  may  be  obtained  from  boiling-point  elevation 
values  by  application  of  the  same  fundamental  equation,  but  a  surer 
method  is  to  find  the  atmospheric  pressure  from  the  boiling  temperature 
of  the  pure  solvent.  This  becomes  pi  the  vapor  pressure  of  the  solution, 
when  the  boiling  temperature  is  raised  slightly  above  that  of  the  solvent. 
Then  the  vapor  pressure  of  the  pure  solvent  for  that  final  temperature  is 
found  by  the  use  of  tables.  This  gives  p0  and  pi  at  the  same  tempera- 
ture. Jiittner  has  calculated  the  values  of  In  pQ  I  pi  from  Beckmann's1  data 
which  are  given  in  Column  7  ©f  Table  III,  while  the  observed  values  of 
the  present  authors  are  given  in  Column  6. 

Table  III. 
Comparison  of  Vapor  Pressure  Ratios  at  200  with  those  Obtained  from  Freezing-and 

from  Boiling-Points. 

In  p9/Pi 


P.  pt.  lowering,  t. 

/                  »  ■■■        ■  ■—  * 
Obs.                       Caic. 

0°- 

—  t. 

20°. 

M. 

I. 

II. 

100°  +  #'. 

O.IOI3 

O.1874 

O.I857 

O.OOl8l 

O.OOI82 

O.OOI80 

0.131 

O.OO233 

0.00235 

O.2061 

O.3807 

0.3776 

O.OO368 

O.OO369 

O.OO366 

O.268 

O.OO479 

0.00451 

O.2709 

0.505 

O.4962 

O.OO488 

O.OO49O 

O.OO481 

0.5323 

0.9835 

0.9737 

O.OO95O 

0.00953 

O.OO945 

0.537 

O.OO957 

0.00951 

O.546 

I. OI9 

I.005 

O.OO985 

O.OO988 

O.OO974 

0.801 

O.OI438 

0.01448 

I. Ol8 

O.OI902 

0.01915 

The  calculated  values  of  /,  given  in  Column  3,  are  obtained,  using  Cal- 
lendar's  equation,  from  the  values  of  In  p0  /pi  determined  experimentally  at 
20 °  by  the  authors,  assuming  that  this  function  is  the  same  at  the  freez- 
ing-point or  is  independent  of  temperature.  Von  Babo's  law  states  that 
the  relative  lowering  of  vapor  pressure  is  independent  of  the  tempera- 
ture. And  KirchhofFs  equation  for  the  heat  of  dilution  is  a  quantitative 
statement  of  the  deviations  from  Von  Babo's  law. 
H  -  RT*b/bT(lnp0/pi). 
H  is  the  heat  of  dilution  and  is  here  defined  as  the  heat  which  must  be 
added  to  keep  the  temperature  constant  when  one  gram  of  solvent  is 
added  to  an  infinite  amount  of  solution.  Von  Babo's  law  is  thus  a  special 
case  of  Kirchhoffs  equation  and  merely  states  that 

b/bT  (In  pc/pi)  «  o. 
Hence  the  function  In  po/pi  is  a  very  convenient  one  to  use  in  dealing 
with  the  variation  of  vapor  pressure  with  temperature. 

It  is  seen  that  the  calculated  freezing-point  lowerings  are  slightly  smaller 
than  the  observed,  which  deviation  is  roughly  proportional  to  the  concen- 
1  Juttner,  Z.  physik.  Chem.,  6,  459  (1890). 
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tration.  Von  Babo's  law  does  not  hold  exactly,  therefore,  and  the  In  p0  /px 
curve  for  o°  lies  slightly  over  that  for  20 °  and  the  heat  of  dilution  is  nega- 
tive. The  In  po/pi  values  at  ioo°  lack  smoothness  as  the  lowest  concen- 
tration is  somewhat  out  of  line,  but  the  smoothed  curve  lies  under  the  20  ° 
carve  for  the  lower  concentrations  (below  0.8  M)t  showing  a  decrease  in 
In  po/p\  from  o°  to  200  to  ioo°.  For  the  lowest  concentration  the  values 
of  this  function  agree  quite  closely  for  o°,  20  °,  and  100  °,  which  means  a 
very  small  (negative)  heat  of  dilution.  Pratt1  has  measured  the  heat 
evolved  when  solutions  of  mannite  are  diluted,  but  the  data  are  empirically 
expressed  and  do  not  admit  of  quantitative  comparison.  However,  his 
observations  are  in  qualitative  agreement  with  the  deduction  as  regards 
sign  and  order  of  magnitude  of  the  heat  by  dilution.  The  mean  heat  of 
dilution  between  o°  and  200  for  a  0.5  M  solution  is  roughly  — 0.5  cal, 
using  the  data  in  Table  III  and  Kirchhoff's  equation.  For.  the  concen- 
trations 0.8  and  1.0M,  the  In  p0/Pi  at  100 °  are  greater  than  those  at  200, 
indicating  that  the  heat  of  dilution  changes  sign  with  increasing  concentra- 
tion, a  not  unusual  phenomenon.  It  is  significant  that  this  takes  place  in 
the  same  concentration  as  that  in  which  the  deviation  from  Raoult's  law  is 
marked. 

Vapor  Pressure  and  Osmotic  Pressure. — The  relation  between 
osmotic  pressure  and  vapor  pressure  has  been  discussed  by  a  number  of 
authors,  using  different  methods  and  resulting  in  a  number  of  equations 
which  differ  only  slightly  according  to  the  conditions  and  definitions 
chosen.  The  integral  equation  of  A.  W.  Porter2  covers  all  of  these  and 
is  an  expression  for  solutions  of  any  compressibility  and  under  any  hydro- 
static pressure.  Introducing  the  limits  corresponding  to  the  conditions, 
neglecting  compressibility  and  using  the  gas  law  for  the  vapor  pressure 
he  obtains. 

Vs  Pi 

V,  is  the  increase  in  volume  when  one  gram  of  solvent  is  added  to  a  large 
amount  of  solution,  and  is  a  function  of  the  density.1  This  was  found  to 
be  a  correction  of  about  0.1%.  The  calculated  values  of  the  osmotic 
pressure  are  given  in  Column  10,  Table  II.  Final  direct  measurements 
of  the  osmotic  pressure  have  not  been  made,  but  will  be  the  object  of  a 
future  investigation. 

Summary. 
1.  The  vapor  pressure  lowerings  of  aqueous  mannite  solutions  have 
been  determined  over  the  range  of  its  solubility. 

1  J.  Franklin  Inst.,  185, 663  (1918). 

*  Porter,  Proc.  Roy.  Soc.  A.,  79,  519  (1907). 

3  Gouy  and  Chaperon,  Ann.  chim.  phys.,m[6]  xa,  384  (1887). 


Digitized  by 


Google 


1808  HERBERT  S.  HARNED. 

2.  The  presence  of  dissolved  air  as  a  source  of  error  has  been  eliminated 
by  a  new  method  of  preparing  the  solutions. 

3.  A  mean  deviation  from  Raoult's  law  of  only  0.0006  mm.  is  observed 
up  to  0.8  M  concentration. 

4.  By  comparison  with  freezing-point  lowerings  it  is  found  that  In  po/pi 
decreases  with  the  temperature  or,  the  heat  of  dilution  is  a  small  nega- 
tive value  for  concentrations  up  to  0.5  M.  Comparisons  with  boiling- 
point  determinations  show  that  this  changes  to  a  positive  quantity  in 
the  higher  concentrations. 

BAI/rXMORB,  Md. 


[Contribution  from  the  John  Harrison  Laboratory  of  Chemistry  of  the 
University  of  Pennsylvania.] 

THE  THERMODYNAMIC  PROPERTIES  OF  THE  IONS  OF  SOME 

STRONG  ELECTROLYTES  AND  OF  THE  HYDROGEN  ION 

IN  SOLUTIONS  OF  TENTH  MOLAL  HYDROCHLORIC 

ACID  CONTAINING  UNI-UNIVALENT  SALTS. 

By  Herbert  S.  Harned. 

Received  July  8,  1920. 

Introduction. 
In  two  earlier  communications1  from  measurements  of  the  electromotive 
forces  of  cells  of  the  types 

Hj  |  MeCl(c)  in  HC1  (o.i)  |  saturated  KC1 1  dalomel  electrode  and 
Hg  |  HgCl  (  KC1  (c  +  o.i)  I  KC1  (o.i)  (  HgCl  |  Hg 
H2  |  KC1  (c)  in  HC1  (o.i)  |  HgCl  |  Hg, 
the  author  has  shown  that  the  hydrogen  ion  activity  of  o.i  M  hydrochloric 
acid  as  measured  by  this  method  is  increased  by  the  addition  of  salts  to 
the  acid.    On  account  of  the  difficulties  attending  the  calculation  of  the 
electromotive  forces  of  the  cells 

H,  |  MeCl  (c)  in  HC1  (o.i)  ||«  HC1  (o.i)  |  Hi 
from  the  above  data,  due  largely  to  the  present  incomplete  knowledge  of 
liquid  junction  potentials,  and  a  distrust  of  some  of  the  earlier  interpre- 
tations of  the  results,  this  investigation  has  been  extended  with  the  object 
of  obtaining  the  complete  thermodynamic  data  at  25  °  for  the  last  men- 
tioned series  of  cells  containing  potassium,  sodium,  and  lithium  chlorides. 
In  this  manner,  the  so-called  "neutral  salt  effect"  has  been  studied  in  a 
more  searching  manner  from  the  thermodynamic  point  of  view. 

From  the  point  of  view  of  the  theory  of  solutions  a  number  of  important 
contributions  have  been  made  comparatively  recently.  The  first  in 
importance  of  these  is  the  hypothesis  of  complete  dissociation  of  strong 

1  This  Journal,  37,  2460  (1915);  38,  1986  (1916). 

1  Double  bar  indicates  that  liquid  potential  has  been  eliminated. 
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electrolytes  as  developed  by  Milner,1  Ghosh,*  Bjerrum,,  Brdnsted,4 
and  others.  A  second,  which  may  be  looked  upon  as  a  corollary  of  the 
first,  is  the  hypothesis  of  the  independent  activities  of  ions,  first  clearly 
proposed  and  used  by  Maclnnes.5  During  the  course  of  the  present  in- 
vestigation, a  large  quantity  of  data  have  been  obtained  which,  along  with 
the  data  recently  obtained  by  others,  will  contribute  evidence  of  the 
validity  of  both  of  these  hypotheses  within  narrow  limits  of  error,  and, 
for  this  reason,  Part  II  of  this  paper  will  consist  in  the  proof  and  appli- 
cation of  these  principles  to  the  calculation  of  the  activity  coefficients 
of  the  ions  of  single  electrolytes.  Since  the  greater  part  of  this  investi- 
gation consists  of  complicated  numerical  calculations,  a  more  detailed  dis- 
cussion of  these  hypotheses  will  be  reserved  until  later  sections. 

PART  I.    GENERAL  THEORY  AND  MEASUREMENTS. 
(1)  General  Theory  and  Nomenclature. 

Throughput  this  work,  the  system  and  nomenclature  of  G.  N.  Lewis6 
have  been  employed.    The  activity  f  can  be  defined  by  the  equation 

F  =  5F/5u  =  RTlnt  +  i  (1) 

where  F  is  the  partial  molal  free  energy,  (Gibb's  chemical  potential.  See 
Brdnsted)7  or  tie  partial  derivative  of  the  free  energy  with  respect  to 
mass,  F  is  the  free  energy,  i  a  constant,  R  the  gas  constant,  and  T  the  ab- 
solute temperature. 

If  we  refer  ?  in  any  state  to  its  value  in  some  chosen  standard  state, 
F0,  we  have 

F  —  F0  -  RT  In  £/£o  «  RT  In  a  (2) 

where  f0  is  the  activity  in  the  standard  state,  and  a  is  "the  relative  ac- 
tivity," a  term  used  by  Lewis.  If  the  arbitrary  state  is  so  chosen  that 
F0  =  o  and  &>  =»  i»  then 

F  -  RTlna   and    F  «  RTlna  (3) 

and 

AF  -  F,  —  Fi  -  RT  In  ai/ax  (4) 

AF  -  F2  — Fi  -  RTlnyb  (5) 

Where  AF  is  the  increase  in  free  energy.8 

In  a  similar  manner,  we  may  relate  F  to  the  partial  molal  heat  content 
function  H  by  the  equation 

1  Milner,  Phil.  Mag.,  [6J  23, ,551  (1912);  *5*  743  (1913);  35t  352  (1918), 

*  Ghosh,  /.  Ckem.  Soc,  113,  449  (1918);  1x3,  627  (1918);  «3»  707  (1918). 

•  Bjerrum,  Z.  Elcktroehem.,  24,  321  (1918);  Z.  anorg.  Chem.,  109,  275  (1920). 
4  Brdnsted,  ibid.,  42,  761  (1920). 

*  Maclnnes,  ibid.,  41,  1086  (1919). 

•  Lewis,  This  Journal,  35,  x  (1913). 
7  hoc.  cit. 

9  The  function  F  in  Lewis'  system  always  equals  the  Gibb's  function  £:  that  is, 
*«*  —  /*  +  /". 
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F  -  —  RT  In  w  +  5  +  i  (6) 

where  w  is  the  probability.1    By  the  same  reasoning  as  the  above 

AF  -  — RT  In  Wt/Wi  +  AH  (7) 

where  AH  is  the  increase  in  heat  dbntent  function.  AH  can  be  computed 
from  the  £  and  w  functions  by 

AH  =  RT  In  &/&  +  RT  In  wi/wx.  (8) 

In  very  dilute  solutions  AH  is  small,  and  hence  the  probability  ratio  will 
approach  the  reciprocal  of  the  activity  ratio. 

In  order  to  evaluate  AH  from  measurements  of  AF,  it  is  necessary  to 
determine  AF  at  different  temperatures  and  express  AF  as  a  function  of 
T,  then  substitute  this  value  in  the  fundamental  thermodynamic  equation 

d  (AF/D       _  AH  (. 

dT  T%  K9) 

or  the  equivalent  expression        '  l 

AH  =  AF  —  T  d '  AF/dr,  (10) 

perform  the  differentiation,  and,  from  the  numerical  equation  thus  ob- 
tained, make  the  required  calculations.  In  cases  where  AF  cannot  be 
conveniently  expressed  as  a  function  of  T,  an  approximation  can  be  made 
by  determining  the*  temperature  coefficient  of  free  energy  at  the  desired 
temperature  and  substituting  this  value  for  d  AF/dr  in  Equation  10. 

For  the  sake  of  brevity,  the  following  system  of  nomenclature  has  been 
adopted  for  the  5  cells  most  frequently  referred  to  in  the  calculations. 
The  cells  are 

Type  1.    H,  |  MeCl  (c)  in  HC1  (0.1)  |  HgCl  |  Hg. 

Type  2.  Hg  |  HgCl  |  MeCl  (0.1)  ||*  McCl  fa)  |  HgCl  |  Hg  (where  cx 
-  c  +  0.1). 

Type  3.    Hg 

Type  4.    Hi 

Types.    H, 


I  HgCl  I  MeCl  (0.1)  I  Me  in  Hg  J  MeClfa)  |  HgCl  |  Hg. 
MeCl  Or)  in  HC1  (o.i)  ||  HC1  (0.1)  |  H* 
MeCl  (c)  in  HC1  (0.1)  |  sat  KC1 1  HgCl  |  Hg. 
The  electromotive  forced  of  the  above  cells  are  denoted  E(i),  E(2), 
E(3),  E(4),  and  Efo),  respectivdy.    Also,  let  E0(i)  equal  E(i)  when  c 
■»  o;  E0(4)  equal  E(4)  when  c  »  o  and  so  on. 

The  relation  between  the  decrease  in  free  energy  ( — AF)  of  transfer  of 
ions,  the  activities  of  the  ions  and  the  electromotive  forces  of  the  above 
cells  can  be  obtained  from  Equations  4  and  5;  and  the  well  known  equa- 
tion ( — AF)  =  nEF,  where  E  is  the  electromotive  force  in  volts,  F  is 
96,500  coulombs,  and  n  is  the  number  of  Faraday  equivalents  transferred. 
The  following  equations  are  of  importance  and  will  be  referred  to  fre- 
quently throughout  this  work: 

1  H  is  the  Gibb's  function  £  that  is,  £  «*  e  +  po. 

1  The  double  bar  indicates  that  the  liquid  junction  potential  has  been  eliminated. 
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(— AF)x  -  F(E0  (i)  —  E(i))  -  RT  In  ^fr^frW        (l  x) 

(— AF)2  =  F(E(2))  -  RTln  ^gct(r°gMe(f°  (12) 

Vaci(o.i)aMe(o.i) 

(-AF),  -  P(E(3))  =  -RT  fe  «"<«>«*«<«>  (l3) 

GCI(0.1)aMe(0.1) 

(— AF)4  -  P(E(4))  -  KT  /n  SSi.  (I4) 

^H(O.l) 

(—  AF)  is  the  decrease  in  free  energy  attending  the  ionic  transfers  indicated 
in  the  right-hand  members  of  these  equations.  In  other  words,  the  trans- 
fer of  an  ion  from  the  more  concentrated  to  the  more  dilute  solution  is 
accompanied  by  a  decrease  in  free  energy.  Formula  12  is  true  for  a  cell 
of  Type  2  if  the  liquid  junction  potentials  have  been  computed  by  a 
thermodynamic  formula  such  as  Ej  =  E|(i  —  i/2tie).s 

Besides  the  above,  there  will  be  occasion  to  refer  to  the  independent 
free  energies  and  electromotive  forces  of  transfer  of  the  individual  ions. 
The  following  equations  and  nomenclature  will  be  adopted: 


(~AF)Na=  FENa  =  RT  fc^&JsL 

^Na(O.l) 


(15) 


(— AF)U  **  FEW  -  RT  ln^^— 

<*U(o.i) 

An  other  function  which  will  be  employed  frequently  is  the  activity  coeffi- 
cient Fa,  which  is  defined  by  the  equation 

F.  =  a/c  (16) 

where  c  is  the  concentration  of  the  electrolyte  in  equivalents  per  1000  g. 
of  solvent. 

(2)  Measurements  of  the  Cells. 
H,  I  MeCl  (c)  in  HC1  (0.1)  |  HgCl  |  Hg.» 
These  measurements  are  similar  to  those  reported  by  the  author  in  one 
of  the  earlier  papers4  where  MeCl  was  potassium  chloride;  but  since, 
in  the  present  instance,  the  temperature  coefficients  are  desired,  all  the 
results  are  new.  The  technique  of  the  hydrogen  and  calomel  half-cells 
and  their  combinations  has  been  carefully  described  by  many  recent 

1  <*H{s)  refers  to  the  activity  of  the  hydrogen  ion  in  HC1  (0.1)  +  MeCl  (c)  solutions. 

*  This  formula  has  been  used  in  the  earlier  papers  by  the  author  (he.  cit.). 

9  As  far  as  the  author  is  aware,  these  results  are  the  only  ones  on  this  type  of  cell 
in  which  the  add  concentration  has  been  kept  constant  and  the  salt  concentration 
varied.  Loomis,  Essex  and  Meacham  (This  Journal,  39,  1133  (191 7) ),  and  Ming 
Chow  (ibid.,  42, 497  (1920))  have  measured  cells  of  the  same  type  in  which  the  total  ion 
concentration  was  kept  constant  but  not  the  concentration  of  the  acid. 

*  hoc.  cit. 
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workers,  including  Acree,1  Harned,*  Ellis,  *  Lewis,  Brighton  and  Sebas- 
tian,4 and  others  and  need  not  be  described  in  great  detail  in  this  paper. 
Considerable  care  was  exercized  throughout  the  work.  All  the  materials 
employed  were  carefully  purified.  Four  times  distilled  mercury  was  used. 
The  calomel  paste  was  made  from  this  mercury.  The  solutions  of  salt 
in  the  acid  were  made  up  at  25  °  by  weighing  both  the  salt  and  a  carefully 
analyzed  portion  of  the  constant-boiling-point  hydrochloric  acid  distillate 
and  diluting  to  the  mark  on  a  carefully  calibrated  flask.5  In  the  following 
table  of  data,  concentrations  are  expressed  in  both  mols  of  salt  per  liter 
and  mols  per  1000  g.  of  water. 

The  design  of  the  cell  employed  was  similar  to  that  described  by  Ellis 
and  previously  used  by  the  author.  The  calomel  paste  for  the  calomel 
half -cell  was  washed  by  decantation  7  or  8  times  with  the  solution  to  be 
employed,  then  stirred  by  rotation  in  a  thermostat  at  25  °  for  one  or  two 
hours,  and  finally  allowed  to  stand  3  or  more  days  in  a  thermostat  at 
25  °  before  being  introduced  in  the  cell.  For  further  details,  the  earlier 
papers  may  be  consulted.  When  made  up,  each  cell  was  kept  in  a  thermo- 
stat for  one  week  and  measurements  taken  from  time  to  time  at  the  dif- 
ferent temperatures  employed.  When  made  up  in  this  manner,  excellent 
constancy  was  maintained  throughout  this  period  of  time.  The  final 
values  were  the  mean  of  the  readings  taken  at  the  temperatures  designated. 
The  deviations  from  this  mean  were  rarely  more  than  0.01  of  a  millivolt. 
Table  I  contains  the  final  data  at  18,  25  and  30 °.  The  values  of  the 
complete  cell  are  believed  to  be  reproducible  to  within  ^=0.2  of  a  millivolt 
throughout  the  entire  series;  and  the  temperature  coefficients  to  within 
=fc  0.005  millivolt.  Column  1  contains  salt  concentration  in  mols  per 
liter,  and  Column  2  salt  concentration  in  mols  per  1000  g.  of  water.  The 
column  headed  p  contains  the  actual  pressures  of  the  hydrogen  in  the 
hydrogen  half-cell,  computed  from  the  barometric  pressure  and  the  vapor 
pressure  of  the  solution  at  the  concentration  and  temperature  designated. 
The  values  under  E  are  the  observed  electromotive  forces  at  the  tempera- 
ture designated,  and  E(cr)  are  these  electromotive  forces  corrected  so  that 
they  equal  the  electromotive  forces  of  the  cells  at  just  one  atmosphere 
hydrogen  pressure  at  the  temperature  indicated.  The  method  of  making 
this  correction  is  described  in  detail  in  the  earlier  papers.    The  concen- 

1  Acree,  Am.  Chan.  /.,  46,  632  (1911). 

*  Harned,  This  Journal,  37,  2460  (1915). 
« Ellis,  ibid.,  38,  737  (1916). 

4  Lewis,  Brighton  and  Sebastian,  ibid.,  39,  2245  (19 17). 

•  In  the  earlier  communication,  the  salt  was  dissolved  in  HC1  (o.x)  and  diluted 
to  the  mark  with  same.  No  correction  was  made  at  that  time  for  the  acid  dilution 
due  to  the  volume  occupied  by  the  salt.  In  cases  of  the  higher  concentrations  of  salt, 
this  correction  is  considerable. 
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tration  of  the  acid  used  was  0.1000  mol  per  liter,  or  0.1004  mol  9**  Io°° 
g.  of  water. 

Table  I. 

Cells,  H,  I  KQ  (c)  in  HC1  (0.1)  |  HgQ  |  Hg. 

(1).  (2).      Pi*.        Sis.  Su(<r).      p*.         >».  Itt(cr).     p».        E*.  Km(ct). 

O.OOOO*    O.OOOO  738  O.39749  0.39785  732  O.39851  O.39898  737  O.39923  O.39963 

0.2O0O     O.2018  737  O.37329  O.37357  727  O.37366  O.37424  718  O.37374  O.37446 

0.2000     O.2018 ...        7280.373660.37421 

O.5000  O.5086  746  O.35697  O.35722  735  O.35697  O.35736  729  O.35671  O.35734 
X.OOOO  X.0346  751  O.34043  O.34057  750  O.34012  O.34029  740  O.33968  O.34001 
I. OOOO  I.0346  759  O.34056  O.34058  750  O.34014  O.34032  741  O.33972  O.34004 
2.0000  2.134  757  0.31680  0.31686  748  0.31580  0.31618  739  0.31530  0.31566 
2.0000  2.134  746  0.31665  0.31690  739  0.31588  0.31624  730  0.31519  0.31571 
3.0000  3.309  744  0.29702  0.29727  737  0.29591  0.29631  728  0.29503  O.29557 
3.0000     3309     750  0.29738  0.29751  732  0.29606  0.29651  730  0.29534  0.29576 

Cells,  H,  I  NaCl  (c)  in  HC1  (0.1)  |  HgCl  |  Hg. 
0.1000    0.1003  751  0.38207  0.38222  743  0.38273  0.38298  743  0.38298  0.38338 
0.2000     0.2014  746  0.37297  0.37319  739  0.37341  0.37379  730  0.37354  0.37408 

0.3600    0.3636 ...       7400.362080.36243 

0.5000    0.5061  750  0.35556  0.35570  741  0.35555  0.35587  730  0.35531  0.35585 

0.6000     0.6085 ...       745  0.35118  0.35142 

0.9000  0.9183  752  0.34046  0.34062  749  0.34024  0.34044  732  0.33973  0.34018 
1. 000       1.023     752  0.33736  0.33745  745  0.33690  0.33716  736  0.33649  0.33688 

1.200       1.243     ...       743  0.33089  0.331 19 

1.800       1. 871     750  0.31567  0.31581  743  0.31491  0.31521  734  0.31428  0.31473 

1.985       2.078     ...       748  0.31055  0.31079   ...        ... 

2.000  2.094  755  0.31082  0.31088  749  0.31001  0.31021  736  0.30923  0.30962 
2.565  2. 711  754  0.29774  0.29794  736  0.29671  0.29696  738  0.29599  0.29635 
3.000  3.202  732  0.28744  0.28789  743  0.28658  0.28688  716  0.28537  0.28612 
3.452  3.726  760  0.27814  0.27814  750  0.27691  0.27709  738  0.27593  0.27630 
Cells,  H,  I  LiCl  (c)  in  HC1  (0.1)  |  HgCl  |  Hg. 

0.4165     0.4203 ...       7290.358140.35867 

0.8342  0.8485  745  0.33906  0.33929  738  0.33881  0.33919  734  0.33854  0.33898 
1.668  1.727  738  0.31203  0.31241  730  0.31144  0.31196  720  0.31084  0.31152 
2.503  2.636  755  0.28858  0.28865  748  0.28773  0.28795  739  0.28693  0.28730 
3-336  3.579  747  0.26559  0.26579  741  0.26452  0.26485  738  0.26369  0.26407 
4. 171  4.556  742  0.24238  0.24269  733  0.24107  0.24154  726  0.24003  0.24061 
•  The  value  of  the  cell  without  salt  (c  equals  0.0000)  is  the  mean  of  4  determina- 
tions. 

PART  H.    ACTIVITY  COEFFICIENTS. 

Throughout  the  entire  discussion  and  all  the  calculations  which  follow, 
the  assumption  has  been  made  that  all  the  electrolytes  employed  are  com- 
pletely dissociated  over  the  entire  concentration  range. 

(1)  The  Hypothesis  of  the  Independent  Activities  of  Ions. — Mac- 
Innes1  first  clearly  proposed  and  used  the  following  hypothesis  which  may 
be  summed  up  in  a  general  way  by  the  two  postulates. 
lLoc.cil. 
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1.  The  activities  of  the  cation  and  anion  of  a  solution  of  an  electrolyte 
may  differ  from  one  another  at  a  given  concentration  and  temperature. 

2.  In  solutions  of  the  same  strength  (weight  normal)  and  at  the  same 
temperature  of  different  electrolytes  possessing  a  common  ion,  the  com- 
mon ion  will  have  the  same  activity  independent  of  the  ion  or  ions  asso- 
ciated with  it.1 

If  Postulate  2  is  true,  Postulate  i  will  be  true  because  the  square  roots 
of  the  activity  products  of  different  strong  uni-univalent  electrolytes  have 
been  observed  to  be  different. 

Postulate  i  has  been  suspected  by  numerous  workers,1  but  had  not  been 
directly  postulated  and  used  before  Maclnnes'  calculations;  Postulate  2 
as  far  as  the  author  is  aware,  is  entirely  original  with  Maclnnes. 

The  data  obtained  by  the  author  in  the  earlier  investigations  along 
with  the  data  presented  in  this  paper  can  be  used  to  test  the  validity  of 
both  of  these  postulates.    Equations  1 1  and  14  are 

Eo(i)  -  E(i)  =  £T  In  ?™_  +  £1  in  aSl£k<Ll> 
F        Gh(o.i)        F        aci(o.i) 
and 

E(4)  =  *I  ln  °»*L 


F  0H(O.l) 

respectively. 
By  subtracting  (14)  from  (11),  the  relation 

Eo(i)  -  E(i)  -  E(4)  =  ^  In  ^±2i>  (i7) 

*  0CI(O.l) 

is   obtained.     If    Postulate    2    is   correct,    —  In  aci(g+01>   should    be 

F  aci(o.t) 
the  same  at  a  given  concentration  in  solutions  containing  each  of  the  differ- 
ent salts;  that  is  to  say,  the  chlorine  ion  activity  will  be  the  same  at  a 
given  salt  concentration  notwithstanding  the  fact  that  the  cations  differ. 
In  the  earlier  communication,  an  extended  series  of  measurements  was 
made  of  cells  of  Type  5  which  contained  potassium,  sodium  and  lithium 
chlorides  along  with  the  0.1  M  hydrochloric  acid  in  the  hydrogen  half - 
cell.  At  that  time,  it  was  thought  that  the  potential  between  a  solution 
of  hydrochloric  acid  containing  lithium  chloride  or  sodium  chloride  and  a 
saturated  potassium  chloride  solution  would  be  considerable.  More 
recent  work,  particularly  by  Fale6  and  Vosburgh,1  show  that  the  previous 
contentions  are  not  true;  nor  are  these  liquid  junction  potentials  calculable 

1  This  is  a  generalized  statement  of  the  hypothesis  of  Maclnnes,  who  assumed 
that  it  was  true  of  the  chlorine  ion  in  solutions  of  hydrochloric  acid  and  potassium 
chloride. 

» E.  g.9  Lewis,  This  Journal,  34*  1640  (1912). 

*  Pales  and  Vosburgh,  ibid.,  40,  1291  (1918). 
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by  either  Planck's  or  Henderson's  formulas.  Fales  and  Vosburgh  find 
that  the  liquid  potential  between  saturated  potassium  chloride  and  o.i 
M  hydrochloric  acid  is  0.0000  volt;  between  saturated  potassium  chloride 
and  1  M  hydrochloric  acid  is  0.0000  volt.  Planck's  formula  gives  0.0046 
and  Henderson's  formula  0.0048  volt  for  the  first  of  the  above  liquid 
potentials.  On  the  other  hand,  in  all  cases,  the  liquid  potentials  are 
much  smaller  than  those  predicted  in  the  previous  communication,  prob- 
ably in  no  <Ase  amounting  to  over  one  millivolt.  For  the  present,  let 
the  approximation  assumption  be  made  that  the  liquid  potentials  at  the 
saturated  potassium  chloride  salt  in  acid  boundary  are  zero  for  all  con- 
centrations of  salt.  Then  it  is  possible  to  compute  E(4)  from  measure- 
ments of  cells  of  Type  5  by  using  the  expression  EU)  ■■  E©(5)  —  E(5). 
In  Table  II,  Column  x  contains  concentration  of  salt  in  mols  per  liter; 
Column  2,  E0(i)  —  E(i)  calculated  from  the  data  in  Table  I;  Column  3, 
E0(5)  —  E(5)  -  E(4);  and  Column  4,  Ec(i)  —  E(i)  —  EU),  which  by 

Equation   17  equals   —  In    Cl(f+(U>.    The  values  of  E(4)   have  been 

F        flci(o.i) 
read  off  the  electromotive  force — salt  concentration  plots  of  the  earlier 

results  supplemented  by  some  more  recent  observations  at  the  higher  salt 
concentrations.  These  results  are  thought  to  be  reproducible  to  within 
=*=o.2  of  a  millivolt. 

Tabus  II. 

(1).  (2).  (3).  (4). 

RT      «Cl(c+0 1) 
c(mols)liter.         *.(!)—  E(I).  B(4).         T  '"   «C1(0.1)     ' 

KC1 0.2000  0.0247  0.0003  0.0244 

0.5000  0.0416  0.0012  0.0404 

1. 0000  0.0587  0.0033  0.0554 

2.000  0.0828  0.0104  0.0724 

3.000  0.1026  0.0192  0.0834 

NaCl 0.2000  0.0252  0.0011  0.0241 

0.5000  0.0431  0.0030  0.0401 

x.ooo  0.0618  0.0070  0.0548 

2.000  0.0888  0.0176  0.0712 

3.000  0.1121  0.0300  0.0821 

LiCl 0.2000  0.0264  0.0020  0.0244 

0.5000  0.0452  0.0052  0.0400 

1. 000  0.0661  0.0106  0.0555 

2.000  0.0966  0.0248  0.0718 

2.503  o.iiio  0.0337  0.0773* 
a  Falls  on  the  e.  m.  f.,  c  plot  of  the  potassium  chloride  and  sodium  chloride  results. 

There  is  excellent  agreement,  considering  the  sources  of  error  due  to  the 
small  liqu  id  potentials,  and  to  the  quantity  and  nature  of  the  data,  be- 
tween the  values  in  Column  4  for  the  different  salts  at  the  same  concen- 
tration .    Throughout  the  entire  range  of  concentration,  the  deviation  is 
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never  greater  than  1.3  millivolts.  Hence,  it  maybe  said  that  the  activity 
of  the  chlorine  ion  in  these  solutions  is  always  the  same  within  narrow 
limits  at  the  same  salt  concentration  and  is  not  appreciably  different  when 
different  ions  are  associated  with  the  chlorine  ion.  This  proves  that 
Postulate  2  is  correct  to  within  narrow  limits  up  to  a  concentration  of  3.1 
N  chlorine  ion,  and  confirms  the  truth  of  Postulate  1. 

Postulate  3. — Another  assumption  made  by  Maclnnes1  is  that  at  any 
given  concentration  of  potassium  chloride,  the  activities  of  the  potassium 
and  chlorine  ions  are  the  same.    This  assumption  can  be  readily  tested 

by  the  data  in  hand.    In  Table  II,  Column  4,  —  In  aa(g+01)  wffl 

F  flCl(0.1) 

correspond  to  electromotive  forces  of  cells  of  Type  2  containing  potassium 
chloride  if  the  activities  of  the  potassium  and  chlorine  ions  are  the  same 
at  a  given  concentration.  This  can  readily  be  seen  from  Equation  12. 
Table  III  shows  this  correspondence.  Column  1  gives  the  concentration 
of  salt  in  mols  per  liter  plus  0.1,  the  acid  concentration;  Column  (2)  gives 

RT  j    Oci(c+o.i) 

F  <*C!(0.1) 

taken  from  Table  II,  Column  4;  Column  3  gives  E*  (Equation  12)  for 
potassium  chloride,  obtained  from  the  data  of  Harned;1  and  Column  4 
gives  the  differences  between  the  values  in  Columns  3  and  2. 

Tablb  III. 

(0.  (2).  (3).  (4). 

RT  .   «CI(c+0.1) 


a-c  +  0.1. 

*    «C1(0.1) 

It(KCl) 

Diff. 

0.3000 

0.0244 

O.O250 

O.OOO6 

0.6000 

0.0404 

O.0412 

O.OOO8 

I. IOOO 

0.0554 

O.O557 

O.OOO3 

2.IOO 

0.0724 

O.O720 

— O.OOO4 

3.100 

0.0834 

O.0825 

— O.OOO9 

The  small  magnitude  of  the  differences  in  Column  4  is  good  evidence 
that  in  solutions  of  potassium  chloride  the  activities  of  the  potassium 
and  chlorine  ions  are  very  nearly  the  same,  if  not  identical,  at  any  given 
concentration,  and  that  this  is  true  up  to  3  AT  concentration.  The  differ- 
ences in  Column  4  might  be  very  easily  due  to  the  error  caused  by  the 
assumption  made  above,  regarding  the  liquid  potentials  between  the  solu- 
tions and  the  saturated  potassium  chloride  solution.  The  fact  that  this 
difference  changes  in  sign  with  the  concentration  is  evidence  that  the 
error  is  experimental,  or  caused  by  liquid  potentials. 

This  evidence  of  the  validity  of  the  above  3  postulates,  along  with  the 
evidence  previously  obtained  by  Maclnnes,  Ming  Chow1   and  others, 
is  considered  sufficient  for  their  adoption;  and,  in  all  the  calculations  which 
follow,  these  assumptions  are  employed. 
lLoc.cU. 
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(2)  Calculation  of  the  Individual  Activity  Coefficients  of  a  Few  Uni- 
valent Ions. 

By  use  of  Postulates  2  and  3,  it  becomes  possible  to  calculate  the  in- 
dividual ion  activities  from  available  accurate  electromotive  force  measure- 
ments on  cells  with  and  without  transference.  The  following  table  of 
the  individual  electromotive  forces  of  transfer  of  the  chlorine,  potassium, 
sodium,  lithium  and  hydrogen  ions  in  concentrated  solutions  has  been 
compiled  from  the  data  of  the  author1  on  cells  of  Type  2  with  transference 
containing  potassium  chloride  and  sodium  chloride,  respectively;  on  cells 
without  transference,  Type  3,  containing  lithium  chloride2  and  from  cells 
of  the  type 

H,  J  HC1  (*)  I  HgCl  I  Hg, 
measured  by  EUis.1    Thus,  from  Equation  12, 

Eci  =  EK  =  E(2)KCi  (18) 

£*»  =  2E(2)NaCl-  ECi  (19) 

and,  from  Equation  13, 

ELi  =  E(3)WCi-  Ea  (20) 

Eh  =  E(3)hci-  Ea.  (21) 

In  order  to  calculate  the  activity  coefficients  at  concentrations  from 
0.1  to  3.1  from  the  electromotive  force  data  by  means  of  Equations  15 
and  16,  it  is  necessary  to  obtain  the  values  of  the  activity  coefficients  in 
0.1  M  solutions.  The  best  values  available  for  the  square  root  of  the  ion 
activity  products  of  the  electrolytes  potassium  chloride,  lithium  chloride 
and  hydrochloric  acid  are  given  by  Noyes  and  Maclnnes8  as  0.754,  0.779 
and  0.823  at  0.1  M,  respectively.  The  value  of  the  same  for  sodium  chlor- 
ide has  been  taken  to  be  0.765.  These  values  have  been  obtained  from 
electromotive  forces  of  concentration  cells  without  transference  at  low 
concentrations  on  the  assumption  that  at  0.001  M  concentration,  the 
activity  coefficient  and  conductance  viscosity  ratio  are  equal.  From  the 
above,  the  activity  coefficients,  F„,  at  0.1  M  of  the  potassium  and  chlorine 
ions  will  be  equal  to  0.754;  F««m)  of  the  sodium  ion  may  be  obtained 
from  0.765  =  V0.754  Ffl(o.i),  and  equals  0.775;  likewise  Fg((u)  of  the 
lithium  ion  can  be  obtained  from  0.779  =  Vo.754Fa(o.o>  and  equals 
0.815;  and  Ffl(0.i)  of  the  hydrogen  ion  can  be  obtained  from  0.823  = 
V0.754  Ftf(o.n»  and  equals  0.899.  The  results  of  the  electromotive 
forces  of  transfer  of  the  individual  ions  are  given  at  round  concentrations 
(mols  per  1000  g.  water)  and  have  been  read  off  the  electromotive  force- 
concentration  plots  of  the  electromotive  forces  Ea,  Ek,  E^,  Elj  and  EH, 
calculated  by  Equations  18,  19,  20  and  21.    Corresponding  to  each  electro- 

l*Loc.  cU. 

»  Maclnnes  and  Beattie,  This  Journal,  42,  1x17  (1920). 

1  Noyes  and  Maclnnes,  ibid.,  42,  239  (1920). 
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motive  force  is  given  the  value  of  Fa,  calculated  by  Equations  15  and  16. 
The  temperature  is  25  *  0.01  °. 

Table  IV. 


«1). 

«K-«Ci 

*K-*C1.  »N*. 

*N*. 

«U 

*U 

«H. 

*H. 

O.IOOO 

O.OOOO 

0.754 

O.OOOO 

0.775 

O.OOOO 

0.815 

O.OOOO 

O.809 

0.300 

O.O25O 

O.665 

O.0260 

O.711 

O.0274 

0.771 

0.0228 

0.920 

0.500 

O.O365 

O.639 

O.0389 

O.712 

O.0427 

0.860 

O.0431 

0964 

0.750 

0.0459 

0.599 

O.0497 

0.7I5 

O.0541 

0.894 

O.0553 

1.030 

1. 000 

O.O524 

0.578 

O.0572 

O.719 

O.0640 

0.980 

O.0662 

1. 181 

1.500 

O.0619 

0.556 

O.0707 

O.806 

0.0795 

1. 192 

O.0825 

I.483 

2.000 

O.0689 

0.547 

O.0801 

O.876 

O.0931 

1. 519 

0.097X 

1.960 

2.500 

0.0747 

0.550 

O.0893 

I. OOO 

O.IO48 

1.880 

O.IO98 

2.583 

3.000 

O.O796 

O.556 

0.0977 

1. 150 

0.1 168 

2.540 

O.I228 

3546 

(3)  The  Calculation  of  the  Activity  Coefficients  of  the  Hydrogen  Ion  at 
25°  in  o.x  M  Hydrochloric  Add  Containing  Potassium,  Sodium, 

and  Lithium  Chlorides  at  Concentrations  up  to  3  M. 
The  values  of  the  electromotive  forces  Efo),  of  cells  of  Type  4  containing 
potassium  chloride,  sodium  chloride,  or  lithium  chloride,  and  the  activity 
coefficient  Ffl/o.i  of  the  hydrogen  ion  of  0.1  M  hydrochloric  acid  in  the 
presence  of  the  above  3  salts  at  the  concentrations  designated  are  given 
in  Table  V.  This  calculation  was  made  using  the  accurate  data  obtainable 
on  cells  of  Type  1  and  Type  2.    Prom  Equations  11  and  14,  we  obtain 

B„  -  B(i)t  -RTht  ?5SL  +  Ec,((H„. 

°H«M) 

Thus 

Bo  — E(i)<  —  Eci(*+o.i)  =  E(4). 
The  values  under  E(4)  in  Table  V  were  obtained  at  round  concentra- 
tions by  reading  the  values  of  E0(i)  —  E(i)c,  calculated  from  the  data 
in  Table  I,  from^the  electromotive  force-concentration  plots,  and  sub- 
tracting from  these  BCi(*+o.n  ■■  ECifo),  obtained  from  Table  IV. 

Tabu*  V. 


c. 

S(4)KC1. 

*H(KCI). 

I(4)N»CI. 

FH(N»CI.) 

I(4)UC1. 

FH(UCI). 

0.000 

O.OOOO 

O.899 

O.OOOO 

0.899 

O.OOOO 

0.899 

0.300 

— O.OOO  I 

O.895 

O.OOI3 

0.948 

O.OO23 

0.985 

0.500 

O.OO08 

O.929 

O.OO25 

0.989 

O.OO44 

1.066 

0.750 

O.OOI5 

0.953 

O.OO41 

1.053 

O.OO73 

1. 191 

I. OOO 

O.OO32 

I. Ol8 

O.OO64 

1. 152 

O.OI07 

1.362 

1.500 

O.OO62 

1. 144 

O.OIO7 

1.362 

O.OI7I 

1.748 

2.000 

O.OIOO 

I.326 

O.OI67 

1. 681 

O.0240 

2.29 

2.500 

0.0139 

1.542 

O.0224 

2.145 

O.03H 

3.02 

3.000 

0.0176 

I.785 

O.0279 

2.66 

O.0390 

4.10 

It  is  important  at  this  juncture  to  note  that  the  activity  of  the  hydrogen 
ion  in  these  solutions  is  different,  depending  on  the  added  salt.  Although 
the  activity  of  the  common  ion  has  been  shown  to  be  identical  in  solutions 
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of  equivalent  normality,  this  is  not  true  of  the  hydrogen  ion  which  is  not 
common  to  both  electrolytes.  A  further  discussion  of  this  so-called 
"neutral  salt  effect"  will  be  reserved  until  a  later  section  in  which  the 
increments  of  the  heat  content  function  of  transfer  of  the  hydrogen  ion 

will  be  discussed. 

• 

(4)  A  General  Formula  for  the  Calculation  of  the  Activity  Coefficients 
of  the  Individual  Ions  of  a  Single  Electrolyte. 
The  formula  here  used  in  calculating  the  individual  ion  activity  co- 
efficients is  partly  empirical  and  depends  on  the  combination  of  the  2 
equations 

— log  fa  «  0cm  (22) 

and 

log  F„//a  -   CIC  (23) 

where/*  is  the  "ideal  activity  coefficient,"  Fa  the  observed  activity  coeffi- 
cient computed  from  electromotive  force  data,  c  is  the  concentration  in 
mols  per  iooo  g.  of  water,  and  a,  0  and  m  are  constants. 

Bjerrum1  has  deduced  a  particular  form  of  Equation  22  for  uni-uni- 
valent  electrolytes,  namely 

—log  fa  -  fiiTc  (24) 

from  the  following  considerations  and  equations, 
x.  The  hypothesis  of  complete  dissociation. 

2.  The  empirical  equation  relating  the  osmotic  coefficient,  /0,  with  the 
concentration,  namely 

/0-1-k^  (25) 

obtained  from  the  empirical  equation  of  Noyes  and  Falk1 

2— i  =  k^  (26) 

where  i  is  the  Van't  Hoff  factor. 

3.  The  thermodynamic  equation 

which  relates  the  osmotic  coefficient  with  the  activity  coefficient.  Since 
a  correct  theoretical  treatment  of  these  relationships  has  been  presented 
by  Bjerrum9  and  Brdnsted,4  no  further  comments  are  necessary.  Equa- 
tion 26  was  shown  by  Noyes  and  Falk  to  hold  within  the  error  of  experi- 
ment with  the  results  then  available  for  dilute  solutions  of  electrolytes 
(from  0.001  M  to  0.05  M),  and,  hence,  Equation  24  will  hold  in  very  dilute 
solutions  where  abnormalities  due  to  heats  of  dilution,  hydration,  etc., 
1  Bjerrum,  Meddel.  K.  Vctcnskapsakad.  Nobelinst.,  5,  No.  16;  Z.  anorg.  Chem.,  109, 
275  (1920). 

*  Noyes  and  Falk,  This  Journal,  32, 1011  (1910). 

*  Loccii. 

4  BrGosted,  This  Journal,  42,  761  (1930). 
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are  not  great.  For  this  reason,  Equation  24  can  be  used  in  calculating 
what  the  activity  coefficient  would  be  in  solutions  of  higher  concentra- 
tions if  these  abnormalities  did  not  occur.  /«  has,  therefore,  been  termed 
the  "ideal  activity  coefficient."  0  computed  from  the  values  of  K  in 
Equation  26  will  differ  for  different  types  of  electrolytes. 

By  using  a  different  method  Lewis  and  Linhart1  have  deduced  the 
equation 

2.303  tt'Xa' 
from  the  thermodynamic  equation  relating  the  activity  and  the  freezing- 
point  lowering,  and  an  empirical  equation  relating  the  freezing-point 
lowering  and  concentration  of  electrolyte,  a'  and  0'  are  constants,  n' 
equals  the  total  number  of  gram  ions  contributed  by  the  electrolyte 
(thus,  for  NaCl,  »'  =  2;  for  La^SOO*  »'  =  5)  and  X  =  1.8580  or  the 
molal  lowering  of  the  freezing-point.  This  equation  for  any  given  elec- 
trolyte can  be  reduced  to  the  general  form 

-log  fa   =    PC" 

since,  for  that  electrolyte  a',  0',  n',  X,  in  Equation  28  are  constants. 

Lewis  and  Linhart  showed  that  electrolytes  of  similar  type  such  as 
potassium  chloride  and  sodium  chloride  or  potassium  iodate  and  sodium 
iodate  would  possess  up  to  0.01  M  concentrations,  identical  fm  values, 
but  that  there  would  be  large  differences  in/4  in  these  very  dilute  solutions 
between  electrolytes  of  different  types,  such  as  sodium  chloride,  sodium 
iodate,  copper  sulfate,  etc.  From  this  consideration,  the  author  has 
employed  the  general  Equation  24. 

The  activity  coefficients,  Ftf,  as  determined  by  the  electromotive  force 
method  vary  greatly  from  the  values  of  fa  at  the  higher  concentrations, 
and  hence,  it  becomes  necessary  to  seek  a  relation  between  Fa  and  fa. 
B  jerrum*  has  made  the  only  attempt  to  calculate  on  a  theoretical  basis  the 
relation  between  the  activity  coefficients  and  the  molal  concentrations 
for  single  electrolytes.  In  Bjerrum's  calculations,  however,  the  hypo- 
thesis is  made  that  the  electromotive  force  method  measures  the  activity 
of  the  non-hydrated  ion.  Since  the  effect  of  hydration  on  activity  co- 
efficients is  at  present  little  understood,  since  the  ionic  hydration  values 
computed  by  this  method  are  improbable  (e.  g.,  for  the  lithium  and  hydro- 
gen ion),  and  since  thermodynamic  data  alone  cannot  decide  the  truth  of 
such  an  hypothesis,  it  has  been  thought  preferable  to  hold  this  idea  in 
abeyance.    In  the  second  place,  Bjerrum  has  employed  the  correction 

laccor ^^ ,  for  the  volume  correction  due  to  hydra- 

55-5  +  2c  —  (wi  +  nh)c 

1  Lewis  and  Linhart,  This  Journal,  41,  195 1  (19x9). 
•  Lqc.  cit. 
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tkm.  Here,  nti  and  m*  &re  the  hydration  values  (the  number  of  water 
molecules  combined  with  an  ion)  of  the  2  ions  of  an  electrolyte, 
respectively,  and  c  is  the  concentration.  For  a  highly  hydrated  electrolyte, 
this  correction  is  considerable,  amounting,  for  example  in  the  case  of 
lithium  chloride,  to  25%  at  3  M  concentration.  Further,  this  correction 
factor  would  affect  both  the  ions  in  the  solution,  and,  if  true,  the  activity 
coefficient  of  the  chlorine  ion  would  not  be  the  same  in  solutions  of  the 
same  [concentration,  independent  of  the  ions  associated  with  it.  This 
contradicts  both  the  hypothesis  of  Maclnnes,  and  the  data  of  the  author 
(Table  II). 

On  the  other  hand,  the  equation  log  Fa//a  =  ac  has  been  employed  to 
relate  the  functions  Ffl  and  /„.  By  combining  Equations  22  and  23,  the 
equation 

log  F0  -  ac  —  ficm  (29) 

is  obtained,  and  in  what  follows  this  equation  will  be  shown  to  express, 
within  experimental  errors,  Fa  as  a  function  of  the  concentration  in  the 
concentration  range  0.01  to  3.0  molal. 

To  determine  the  values  of  a,  0,  and  m%  from  the  observed  results,  an 
empirical  method  has  been  employed.  By  transposition  of  Equation 
29,  we  obtain 

-logFfl/c  +  a  -  /3c—1 
and,  taking  the  logarithms  of  both  members 

log  [—log  Fa/c  +  a)  «  log  0  +  (w  —  1)  log  c.  (30) 

From  Equation  30,  it  is  clear  that  if  a  is  known,  the  plot  of  log[ — log  F„/c 
+  a]  against  log  c  will  be  a  straight  line  from  which  the  values  of  0  and 
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m  can  readily  be  read  off.  In  order  to  determine  these  3  constants,  the 
above  plot  was  made,  using  different  values  for  a  until  a  straight  line 
could  be  drawn  through  the  points.  In  all  cases  of  the  individual  ions, 
Equation  29  can  be  shown  to  hold  within  experimental  error  throughout 
the  concentration  range  under  consideration.  In  Fig.  1,  the  plot  of 
log  [ — log  F«/c  +  a)  against  log  c  of  the  potassium  ion  is  shown,  and  in 
Table  VI  a  comparison  of  the  observed  values  of  the  activity  coefficients 
and  the  values  calculated  by  Equation  29  are  given  for  the  potassium, 
sodium,  lithium,  hydrogen,  and  chlorine  ions,  along  with  the  respective 
values  of  a,  0,  and  m  for  each  ion.  The  results  of  this  calculation  are 
quite  satisfactory;  the  observed  lithium  ion  results  exhibit  the  greatest 
inconsistency. 

Tabu*  VI. 

K+.CI— .  N»+.  U+.  H+. 

c.           Ftf(ob».).    Pa(calc).      Fa(obs.).     Ftf(caJc).  Ftf(obs.).  F«(calc.).  F«(otw.).  F«(calc). 

0.001        0.979        Q-955           •••             •••  0.973  0.965 

0.010       0.890        0.892           ...             ...  0.920  0.910      0.975      0.963 

o.xoo       0.754        0.766        0.775        0.770  0.815  0.813      0.899      0.906 

0.300       0.665        0.666        0.711        0.715  0.771  0.790      0.920      0.904 

0.500       0.639        0.629        0.712        0.703  0.860  0.814      Q-9^4      0.950 

0.750       0.599        0.598      0.7x5          0.716  0.894  0.875       x.030      1. 051 

1. 000       0.578        0.578      0.719          0.735  0.980  0.955       1. 181       1. 175 

1.500       0.556        0.557      0.806          0.795  1. 192  1. 175       1.483       x-496 

2.000       0.547        0.550      0.876          0.885  1-5*9  1.500      1.960      1.964 

2.500       0.550        0.551       1. 000          1.005  1.880  1. 919      2.583      2.624 

3.000       0.556        0.558       1. 150           1. 160  2.540  2.500      3546      3-557 

a.  fi.  m. 

K+ 0.080  0.318  0.397 

Cl~ 0.080  0.318  0.397 

Na+ 0.175  0.309  0.385 

Li+ 0.309  0.329  0.435 

H+ 0.390  0.322  0.596 

By  use  of  Equation  29,  the  activity  coefficients  of  the  potassium,  lithium, 
hydrogen  and  chlorine  ions  can  be  computed  with  accuracy  down  to 
concentrations  approaching  0.00 1  molal.  The  observed  results  for  con- 
centrations of  0.01  and  0.001  molal  are  taken  from  Noyes  and  Maclnnes.1 
0  and  m  for  the  potassium,  chlorine  and  sodium  ions  are  nearly  identical 
as  was  found  by  Lewis  and  Linhart;  0  and  m  for  the  lithium  ion  are  near 
but  not  identical  with  the  same  for  the  potassium  and  sodium  ions.  The 
values  of  these  2  constants  for  the  hydrogen  ion  differ  greatly  from  the 
values  obtained  for  the  alkali  metal  ions  and  the  chlorine  ion.  The 
values  of  a  for  the  potassium,  sodium  and  lithium  ions  are  approximately 
in  the  ratios  of  the  relative  ionic  hydration  values  as  determined  by 
Washburn.1 

1  Loc.  cit. 

8  See  Harned,  This  Journal,  40,  1462  (1918). 
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The  a  ratios  are 

0.080  :  0.175  : 0.309  or  4  :  8.7  :  15.4. 
Washburn's  results  give  the  ratio 

5.4  :  8.4  :  14.0. 
The  departure  of  the  values  of  Ftf  from  fa  is  due  in  great  part,  at  least  to 
the  effect  of  hydration.    Reasons  for  the  abnormal  behavior  of  the  hy- 
drogen ion  will  be  discussed  in  Part  III. 

Further,  Equation  29  shows  the  minimum  in  the  Fa-c  plots.  The 
potassium  and  chlorine  ions  show  a  minimum  at  2  M,  the  sodium  ion 
at  0.50  Mt  and  the  lithium  ion  at  0.3  M.  The  observed  hydrogen  ion 
Ffl-c  plot  does  not  show  a  minimum  at  concentrations  above  o.  1 M,  although 
Equation  29  predicts  one  at  about  0.2  M  concentration.  It  can  easily 
be  seen  that  the  position  of  this  minimum  depends  on  the  magnitude  of  a. 

PART  m.  THE  FREE  ENERGY  AND  HEAT  CONTENT  INCRE- 
MENTS. 
(1).  The  Decrease  in  Free  Energy  and  Heat  Content  of  the  Cell  Reaction 
Hs  +  2HgCl  =  2HCI  (0.1)  +  2Hg 
in  the  Presence  of  Potassium,  Sodium  and  Lithium  Chlorides. 
From  the  data  in  Table  I,  the  decrease  in  free  energy  ( — AF)  of  the  cell 
reaction  at  the  temperature  designated  may  be  obtained  by  multiplying 

Table  VII. 


(— AF)». 


(— AF)*. 


(AF)io. 


G»" 


(— AH)». 


(1)  KCi. 

0.0000 

76785 

77003 

77129 

29.0 

68360 

0.2018 

72098 

72228 

72272 

13.0 

68354 

0.5086 

68943 

68970 

68967 

1.5 

68523 

1.0346 

65730 

65678 

65625 

—  8.5 

68211 

2.134 

61x57 

61029 

60929 

— 20.0 

66989 

3309 

57397 

57207 

57063 

— 28.0 

65551 

(2)  NaCI. 

0.1003 

73768 

73917 

73993 

18.5 

68404 

0.2014 

72027 

72142 

72199 

13.5 

68218 

0.5061 

68653 

68683 

68679 

2.0 

68087 

0.9183 

65740 

657<>5 

65656 

—  70 

67791 

1.023 

65129 

65072 

65017 

-8.5 

67605 

1. 871 

60952 

60836 

60744 

—17- 3 

65987 

2.094 

60000 

59870 

59754 

—20.5 

65979 

2. 711 

57503 

57315 

57197 

— 25.O 

64765 

3.202 

55564 

55369 

55221 

—28.0 

63713 

3-7*6 

5368o 

53478 

53326 

— 30.0 

62418 

(3)  UCi. 

0.4203 

69223 

0.8485 

65483 

65463 

65423 

—  50 

66953 

1.7267 

60294 

60209 

60124 

—13.5 

64232 

2.636 

557" 

55575 

55450 

— 21.0 

6x833 

3.574 

51297 

51114 

50966 

— 27.O 

59l6o 

4556 

46839 

46618 

46417 

—34.0 

56750 
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the  electromotive  force  by  2  X  96,500.  Only  in  a  few  cases  was  it  possible 
to  obtain  (AH)^  by  using  the  linear  equation  ( — AF)  =  (AF)2*(i  +  a(t 
—  25)),  substituting  for  ( — AF)  in  Equation  9  and  differentiating,  because 
of  the  complicated  nature  of  the  variation  of  ( — AF)  with  the  tempera- 
ture.   For  this  reason,  f  -7=-  J25  in  the  neighborhood  of  25  °  was  read  off 

from  a  carefully  drawn  large  scale  ( — AF),  T  plot  and  then  (AH)»  was 
computed  by  Equation  10.    The  data  k  compiled  in  Table  VII.. .  ( — AF)» 

and  ( — AH)^  are  given  in  joules.     (  -7=-  k*  is  given  in  joules  per  degree. 

An  error  of  0.0 1  of  a  millivolt  in  f  -7=-  k*  will  cause  an  error  of  596  joules. 

It  is  thought  that  the  following  values  of  ( AH)»  are  not  in  error  by  more 
than  =*=300  joules. 

(a).  ( — AF)j5  and  (— AH)^  of  Transfer  of  Two  Gram  Ions  of  Hydrogen 

and  Two  Gram  Ions  of  Chlorine  from  (MeCl(c)  in 

HCl(o.i))  to  HCl(o.i). 

By  subtracting  ( — AF)»  and  ( — AH)»  at  a  salt  concentration  c  from 

( — AF)js  and  ( — AH)*  at  a  zero  salt  concentration,  ( — AF)»  and  ( — AH)* 

of  transfer  of  2  gram  ions  of  hydrogen  ion  and  2  gram  ions  of  chlorine  ion 

from  MeCl  (c)  in  HC1  (0.1)  to  HC1  (0.1)  will  be  obtained.    (See  Equation 

Tabu*  VIII. 

c.  (— AF)».  (— AH)«. 

(i)   KC1. 


(2)  NaCl. 


(3)  UC1. 


0.2018 

4775 

6 

0.5086 

8033 

37 

X.0346 

1 1325 

149 

2.134 

1*974 

1371 

3.309 

19796 

2807 

0.1003 

3086 

—44 

0.2014 

4861 

142 

0.5061 

8320 

273 

0.9183 

1 1 298 

569 

1.023 

1 193 1 

755 

1. 871 

16167 

2373 

2.094 

I7I33 

2381 

2. 711 

19688 

3**5 

3.202 

21634 

4647 

3726 

23525 

5942 

O.4203 

778o 

O.8485 

1 1357 

1407 

I . 7267 

16794 

4128 

2.636 

21428 

65»7 

3574 

25889 

9200 

4-556 

30385 

11610 
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11).  Table  VIII  contains  these  values  of  ( — AF)26  and  ( — AH)2»  of 
transfer  in  joules. 

(3)  General  Considerations  Regarding  the  Increment  in  Heat  Content 
Function  of  Ionic  Transfer. 
The  only  accurate  data  available  on  ( — AH)  of  transfer  of  an  electrolyte 
from  a  solution  of  strength  cx  to  a  solution  of  strength  c%  by  electromotive 
force  measurements  have  been  obtained  by  Ellis1  on  hydrochloric  acid. 
It  has  been  necessary,  therefore,  to  calculate  ( —  AH)  of  transfer  of  potassium 
chloride  and  sodium  chloride  from  the  heats  of  dilution,  or  the  heat  ab- 
sorbed or  evolved  on  changing  the  concentration  from  d  to  c2  and  the 
partial  molal  heats  of  dilution  of  water  at  the  concentrations  d  and  <*.* .  This 
can  be  done  as  follows. 

1.  Start  with  infinite  quantities  of  2  solutions  at  concentrations  c\  and 
Ctt  respectively,  and  let  c\>c%.  Let  Xi  equal  the  number  of  mols  of  water 
per  mol  of  salt  corresponding  to  c\,  and  x%  equal  the  number  of  mols  of 
water  per  mol  of  salt  corresponding  to  c%.  Let  H  equal  the  partial  molal 
heat  of  dilution  of  water,  H^  and  HCs,  the  partial  molal  heats  of  dilution  of 
water  at  concentrations  c\  and  c*%  respectively.  Remove  one  mol  of 
solute  and  x\  mols  of  water  from  1.  ( — AH)  =  O.  Removed  —  Xi) 
mols  of  solvent  from  2.    ( — AH)i  =  —  fe  —  *i)H<v 

2.  Dilute  one  mol  of  solute  and  Xi  mols  of  water  with  fa  —  Xi)  mols  of 

*■  — 

water.     ( — AH)i  =  Q  =  f  Hdx  =  heat  of  dilution  from  X\  to  x%.    Add 

*i 
one  mol  of  solute  and  X*  mols  of  solvent  to  2.     ( — AH)  =  o. 

3.  Remove  Xi  mols  of  solvent  from  2.     ( — AH)8  =  —  XiH*. 

.4.  Add  Xi  mols  of  solvent  to  solution  1.  ( — AH)4  =  x{&cv  The  total 
hedt  content  change  of  transfer  ( — AH),  will  be  the  sum  of  the  above 
heat  content  changes.    This  gives 

(—AH)  m  fHdx  +  *!§*  —  S.E,.  (31) 

xi 

In  Table  IX  are  given  the  values  of  ( — AH)  of  transfer  in  joules  at  25  ° 
for  potassium  chloride  and  sodium  chloride  from  a  solution  of  concentra- 
tion c  to  0.1  Mf  calculated  by  Equation  31.  The  heats  of  dilution  of 
potassium  chloride  necessary  for  the  calculation  have  been  taken  from  the 
data  of  Bishop,3  and  the  partial  molal  heats  of  dilution  of  water  in  potas- 
sium chloride  solutions  have  been  taken  from  Stearn  and  G.  McP.  Smith.4 
All  data  on  the  heats  of  dilution,  etc.  of  sodium  chloride  have  been  taken 

1  Loc.  cit. 
■   *  This  partial  molal  heat  of  dilution  equals  the  change  in  heat  content  when  one 
njol  ot.  water  is  added  to  an  infinite  amount  of  a  solution  of  the  designated  concentra- 
tion. 

1  Bishop,  Phys.  Rev.,  26,  169  (1908). 

4  Steam  and  Smith,  This  Journal,  42,  18  (1920). 
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from  Randall  and  Bisson.1    The  data  on  hydrochloric  acid  in  the  last 
column  have  been  obtained  from  Ellis'  electromotive  force  measurements. 


Table  DC 

KCl. 

NaCl. 

HC1. 

(c  +  0.1). 

(— AH)*. 

(— AH)*. 

(— AH)«. 

O.IOOO 

OOO 

OOO 

OOO 

0.3000 

—  355 

—  300 

420 

0.5000 

—  650 

—  570 

820 

1. 000 

— 1310 

— 1196 

1820 

1.500 

— 1900 

— 1780 

2770 

2.000 

—2375 

— 2300 

3720 

2.500 

— 2810 

— 2690 

4740 

3.000 

—3175 

— 3010 

5710 

No  further  reliable  data  sufficient  for  calculating  ( — AH)  of  transfer 
of  other  electrolytes  were  available. 

In  order  to  carry  further  the  calculation  of  the  thermodynamic  data 
presented  in  this  paper,  another  hypothesis  will  be  necessary  regarding 
( — AH)  of  transfer  of  the  ions.  If  the  heats  of  dilution  from  molal  con- 
centrations c\  to  Ct  of  a  number  of  electrolytes  be  compared,1  the  conclusion 
(at  least  approximate),  may  be  drawn  that  the  ions  have  a  specific  in- 
dividual effect.  Thus,  hydrochloric  acid  has  a  high  positive  heat  of 
dilution,  and  sodium  and  potassium  chloride  have  negative  heats  of  dilu- 
tion. Further,  solutions  of  other  acids  have  a  positive  heat  of  dilution. 
Thus,  wherever  the  hydrogen  ion  occurs,  there  is  a  positive  heat  of  dilu- 
tion. If,  in  the  cases  of  sodium  chloride,  potassium  chloride,  and 
hydrochloric  acid,  the  chlorine  ion  has  the  same  heat  of  dilution  irrespective 
of  the  cation  associated  with  it,  then  the  hydrogen  ion  will  have  a  greater 
positive  heat  of  dilution  than  either  the  sodium  or  potassium  ion  In  a 
general  qualitative  way,  this  same  principle  is  true  for  the  heats  of  dilu- 
tion of  all  electrolytes.  A  rough  study  of  the  data  will  arrange  some  of 
the  common  ions  in  the  following  order,  those  on  the  left  having  a  positive 
heat  of  dilution  and  those  on  the  right  a  negative  heat  of  dilution. 
H+  >  l/*Cu++,  i/#n++   l/iCa++  >  7*Sr++  >  l/*Ba++  > 

7iMg++  >  OH-  >  NH4+   7fS04~  >  K+,  Na+  Li+,  Cl~  >  NO,-. 

From  these  considerations,  the  following  2  hypotheses  have  for  the 
time  being  been  adopted. 

1.  The  ions  act  independently  of  one  another  in  respect  to  the  heat 
content  increment  of  transfer. 

2.  The  potassium  and  chlorine  ions  produce  identical  heat  content  in- 
crements of  transfer  between  the  same  concentration  limits. 

The  first  hypothesis  is  believed  to  be  approximately  true  for  all  ions, 
and  a  very  close  approximation,  at  least,  for  the  univalent  ions  of  strong 
1  Randall  and  Bisson,  This  Journal,  42,  347  (1920). 
*  E.  f.,  the  data  of  Pratt,  /.  Franklin  Inst.,  185,  663  (1918). 


Digitized  by  VjOOQIC 


Thermodynamic  properties  op  certain  ions.  182/ 

electrolytes.  The  second  hypothesis  is  probably  true  because  the  activity 
coefficients  of  the  potassium  and  chlorine  ions  are  identical  or  very  nearly 
so,  and  because  other  evidence  points  to  the  conclusion  that  these  ions 
behave  alike  as  regards  hydration. 

By  means  of  these  2  hypotheses,  the  values  of  ( — AH)  of  transfer  in 
joules  at  25  °  of  the  potassium,  sodium,  hydrogen,  and  chlorine  ions  were 
calculated  at  round  concentrations  from  the  results  in  Table  IX.  The 
results  of  this  computation  are  given  in  Table  X. 

Table  X. 


<  +  0.1. 

(— AH)«(H+) 

.   (— AH)m(CI-). 

(AH)»(K+). 

(— AH)»(Na+). 

O.IOO 

OOO 

OOO 

OOO 

OOO 

0.300 

598 

— 178 

- 178 

—  122 

0.500 

"45 

—  325 

—  325 

—  245 

1. 000 

2477 

—  655 

—  655 

—  541 

1.500 

3670 

—  950 

—  950 

—  83O 

2.000 

4008 

— 1188 

—1 188 

— 1 1 12 

2.500 

6095 

—1405 

—1405 

—1285 

3.000 

7299 

—1588 

—1588 

— 1422 

These  results  are  approximations,  and  the  error  cannot  be  estimated. 
They  wiH,  suffice,  however,  to  bring  out  the  main  points  of  the  following 
discussion. 

(4).  ( — AF)a  and  ( — AH)»  of  Transfer  of  Two  Gram  Ions  of  Hydrogen 
Ion  from  a  Solution  of  MeCl(c)  in  HCl(o.i  M)  to  HCl(o.i  M ). 

From  the  data  in  Table  IV,  the  free  energy  of  transfer  of  2  gram  ions 
of  chlorine  ion  from  a  solution  of  concentration  (c  +  0.1)  M  to  0.1  M 
can  be  easily  obtained  by  multiplying  Ea  at  a  concentration  (c  +  0.1) 
M  by  2  X  96,500.  2( — AH)»  for  the  chlorine  ion  at  the  proper  concentra- 
tion can  be  read  off  the  heat  content  decrease-concentration  plot  of  the 
results  in  Table  X,  Column  3.  By  subtraction  of  ( — AF)m  and  ( — AH)W 
of  transfer  of  2  gram  ions  of  chlorine  at  a  concentration  (c  +  0.1)  M, 
thus  obtained,  from  ( — AF)*5  and  ( — AH)»  of  transfer  of  2  gram  ions  of 
hydrogen  ion  and  2  gram  ions  of  chlorine  from  MeCl  (c)  in  HC1  (o.iAf) 
to  HC1  (0.1  M),  given  in  Table  VIII,  (— AF)»  and  (— AH)«  of  transfer 
of  2  gram  ions  of  the  hydrogen  ion  from  MeCl  (c)  in  HC1  (0.1  M)  to  HC1 
(0.1  M)  win  be  obtained.  This  calculation  has  been  made  and  the  data 
compiled  in  Table  XI.  The  last  column  gives  ( — AH)«  of  transfer  of 
one  gram  ion  of  the  hydrogen  ion. 

In  Fig.  2,  the  values  of  ( — AH)»  of  transfer  of  the  hydrogen  ion  taken 
from  the  last  column  of  Table  XI  are  plotted  against  the  concentration  of 
added  salt.  The  plot  denoted  hydrochloric  acid  is  the  ( — AH)»  con- 
centration of  acid  plot  for  the  hydrogen  ion  in  solutions  of  hydrochloric 
acid,  taken  from  Table  X,  Column  2.  These  plots  are  straight  lines  within 
the  error  of  experiment. 
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(i)  KC1. 


(2)  NaCl. 


Table  XI. 

(— AH)«. 

c. 

<— AF)». 

(—  AH)». 

(1  gram  ion) 

0.0000 

000 

OOO 

OOO 

0.2018 

—49 

356 

178 

0.5086 

79 

902 

451 

1.0346 

575 

1519 

759 

2.134 

2097 

396o 

1980 

3.309 

3886 

6177 

3088 

0.1003 

40 

131 

66 

0.2014 

37 

492 

246 

0.5061 

366 

I073 

536 

0.9183 

938 

1899 

949 

1.023 

1181 

2215 

1 108 

1.871 

2827 

4723 

2361 

2.094 

3256 

4931 

2465 

2. 711 

4615 

6630 

3315 

3.202 

5718 

8022 

401 1 

3726 

•• 

9582 

4791 

O.8485 

1579 

2682 

1341 

I . 7267 

3766 

6353 

3176 

2.636 

6470 

9507 

4754 

3.574 

"775 

6388 

(3)  UC1. 


It  is  first  clear  from  the  above  plots  that  these  increments  of  transfer 
are  of  the  same  order  of  magnitude'whether  the  hydrogen  ion  is^trans- 
f erred  from  a  solution  of  HC1  (c  +  0.1)  to  HC1  (0.1),  or  from  a  solution 
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of  HC1  (0.1)  +  MeCl  (c)  to  HC1  (0.1).  This  points  directly  to  the  ex- 
tremely important  principle  that  the  decrease  of  heat  content  function  of  transfer 
of  the  hydrogen  ion  is  a  function  of  the  total  salt  concentration  or  total  ion 
activity,  and  not  of  the  concentration  or  activity  of  the  hydrogen  ion. 

The  following  will  clearly  demonstrate  this  principle.  In  the  first 
place 

(—  AH)»  -  Kc  (32) 

where  c  is  the  concentration  of  salt  or  hydrochloric  acid  added  to  0.1  M 
hydrochloric  acid,  and  K  is  a  constant.  Second,  it  is  to  be  observed 
that,  at  a  given  concentration,  the  greater  the  activity  of  the  ions  of  the 
single  electrolyte  added  to  the  acid,  the  greater  will  be  this  decrease  in 
heat  content  of  transfer.  The  results  tabulated  in  Table  XII  will  roughly 
illustrate  this  relationship.  Column  1  contains  the  values  of  K  (Equation 
32),  or  the  dope  of  the  plots  in  Fig.  2,  Column  2,  the  sum  (aMe  +  oci)  of 
the  values  of  the  constant  a  of  Equation  29  (Table  VI)  of  both  the  ions 
added  to  the  acid,  and  Column  3  contains  the  ratio  («Me  +  ac\)/K. 

Table  XII. 

Electrolyte  added.  (1).  (2).  (3). 

KC1 920  0.160  I.74  X  IO~4 

NaCl 1230  0.255  2.07  X  io~4 

UCl 1800  0.389  2.16X10"4 

HC1 2420  0.430  x.98  X  xo~4 

The  approximate  constancy  of  the  values  in  Column  3  point  to  the  con- 
clusion that  the  decreases  in  heat  content  under  consideration  are  functions 
of  the  total  ion  activities  of  the  solutions. 

This  conclusion  is  also  good  indirect  substantiation  of  the  principle 
used  by  Bjerrum1  and  mentioned  by  Ming  Chow2  that  "the  activity 
coefficient,  F«/c,  of  uni-univalent  ions  of  largely  ionized  substances  is  in 
general  a  function  of  the  total  salt  or  ion  concentration,  and  not  of  its 
own  concentration." 

The  above  principles  must  have  an  important  bearing  on  the  phenomenon 
of  the  "neutral  salt  effect."  In  a  previous  communication,3  the  author 
has  shown  that  the  increase  in  velocity  constant  in  hydrogen  ion,  and 
iodine  ion  catalysis,  produced  by  the  addition  of  a  neutral  salt  (a  chloride) 
is  a  function  of  the  square  root  of  the  activity  product  of  the  ions  of  the 
added  salt.4  In  other  words,  the  "neutral  salt  effect"  on  catalysis  in 
liquid  systems  was  shown  to  be  function  of  the  total  ion  activity  and  not 
of  the  activity  of  the  catalyzing  ion. 

1  hoc.  cit. 

1  Ming  Chow,  Tms  Journal,  42,  447  (1920). 

*Ibid.,  "Neutral  Salt  Catalysis,"  40,  1462  (1918). 

4  This  was  termed  the  chlorine  ion  activity  at  that  time  because  the  assumption 
of  the  individual  activities  of  the  ions  was  not  known  or  used  when  that  paper  was 
written. 
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The  question  as  to  the  underlying  causes  of  this  effect  is  an  obscure  one. 
The  increase  in  activity  of  the  hydrogen  ion  of  hydrochloric  acid  by  the 
addition  of  neutral  salts  has  been  assumed  to  be  due,  first,  to  the  high 
hydration  of  the  hydrogen  ion,1  second  to  the  hydration  of  the  ions  of  the 
added  salts.*  In  view  of  the  fact  of  the  evidence  in  favor  of  the  hypo- 
thesis of  Maclnnes,  and  the  principle  above  relating  to  the  decrease  in  heat 
content  of  transfer  of  the  hydrogen  ion,  it  is  the  belief  of  the  author  that 
these  views  will  have  to  be  modified  or  abandoned  after  a  still  deeper  in- 
vestigation of  the  phenomenon  is  made.  The  main  point  of  interest  is 
that  the  increase  in  activity  coefficient  of  the  hydrogen  ion  in  solutions  of 
hydrochloric  acid  on  the  addition  of  salts  is  probably  due  to  this  decrease 
in  heat  content  function  of  transfer  of  the  hydrogen  ion  caused  by  salt 
addition.  Indirectly,  ionic  hydration  will  unquestionably  have  an  effect. 
The  fact  that  the  hydrogen  ion  has  a  positive  and  the  chlorine  ion  a 
negative  decrease  in  heat  content  function  of  transfer  indicates  a 
fundamental  difference  in  the  behavior  of  these  ions,  and  must  receive  an 
explanation  before  the  problem  of  the  "neutral  salt  effect"  can  be 
adequately  solved. 

Final  Considerations. 

The  present  investigation  of  the  thermodynamic  properties  of  concen- 
trated solutions  of  strong  uni-univalent  electrolytes  and  their  mixtures 
leads  to  verifications  and  conclusions  which  may  be  stated  briefly  as 
follows: 

(1)  The  hypothesis  of  complete  dissociation  of  strong  electrolytes 
promulgated  by  Milner,  Ghosh,  Bjerrum  and  others  is  a  good  working 
hypothesis. 

(2)  The  hypothesis  of  independent  activity  coefficients  is  also  tenable. 

(3)  The  hypothesis  of  Maclnnes  "that  in  solutions  of  the  same  strength 
of  different  electrolytes  containing  a  common  ion,  the  common  ion  will 
have  the  same  activity  independent  of  the  ion  or  ions  associated  with  it" 
is  true  or  very  nearly  true  for  the  chlorine  ion  in  the  solutions  investigated 
in  the  present  research. 

(4)  At  a  given  concentration  of  a  solution  of  potassium  chloride,  the 
potassium  ion  and  the  chlorine  ion  have  the  same  activity. 

(5)  The  activity  coefficient  of  an  ion  is  a  function  of  the  total  ion  con- 
centration or  activity,  and  not  a  function  of  its  own  concentration.1 

(6)  The  hypothesis  that  the  ions  of  strong  electrolytes  have  independent 
heat  content  increments  of  transfer  is  probably  a  good  approximation.  *M 

(7)  It  is  also  probable  that  the  heat  content  increment  of  transfer  of 

1  Bjerrum,  loc.  cit. 

1  Poma,  Z.  physik.  Chem.,  87,  197  (1914);  88,  671  (1914);  Haroed,  loc.  cit,;  Thomas 
and  Baldwin,  This  Journal,  41, 1981  (1919). 
1  Bjerrum,  loc.  cit.;  Ming  Chow,  loc.  cit. 
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the  potassium  ion  is  identical  with  the  heat  content  increment  of  transfer 
of  the  chlorine  ion. 

(8)  The  increment  in  heat  content  of  transfer  of  an  ion  is  a  function  of 
the  total  ion  concentration  or  activity  and  not  of  its  own  concentration. 

(9)  The  so-called  "neutral  salt  effect"  in  hydrochloric  add — uni- 
univalent  salt  mixtures  is  probably  due  to  the  large  decrease  in  the  heat 
content  function  of  transfer  of  the  hydrogen  ion  caused  by  the  addition 
of  the  salt  and  not  to  the  high  hydration  of  the  hydrogen  ion. 

Summary. 

(1)  Measurements  of  the  electromotive  forces  of  the  cells 

Ht  I  MeCl  (c)  in  HC1  (0.1)  |  HgCl  |  Hg 
at  180,  25 °,  and  30 °  containing  potassium,  sodium  and  lithium  chlorides, 
respectively,  have  been  made. 

(2)  Assuming  the  complete  dissociation  of  the  above  electrolytes, 
it  is  shown  that  the  hypothesis  of  the  individual  ion  activities  as  postulated 
by  Maclnnes  is  true  within  narrow  limits,  and,  that,  at  a  given  concentra- 
tion of  potassium  chloride,  the  potassium  and  chlorine  ion  activities  are 
identical  within  narrow  limits. 

(3)  The  individual  ion  activity  coefficients  of  the  hydrogen,  potassium, 
sodium,  lithium,  and  chlorine  ions  from  concentrations  0.1  to  3  M  have 
been  computed. 

(4)  The  activity  coefficients  of  the  hydrogen  ion  in  solutions  containing 
potassium,  sodium,  and  lithium  chloride  up  to  3  M  concentration  have 
been  computed. 

(5)  It  has  been  shown  that  the  semi-empirical  formula 

log  F,  «  ac  —  0cm 
where  Ftf  is  the  activity  coefficient  of  the  ion,  c  the  concentration,  and 
a,  0,  and  m  are  constants,  will  express  Ftf  as  a  function  of  c  within  experi- 
mental error  from  0.01  to  3  M  concentration. 

(6)  A  table  of  the  free  energies  and  heat  content  decreases  of  the  cell 
reaction 

H,  +  2HgCl  -  2HCI  (0.1)  +  2Hg 
in  the  presence  of  potassium,  sodium,  and  lithium  chlorides,  respectively, 
has  been  compiled. 

(7)  On  the  assumptions  that  the  ions  have  independent  heat  contents 
of  transfer,  and  that,  at  a  given  concentration  of  potassium  chloride, 
the  potassium  and  chlorine  ions  possess  identical  heat  contents  of  trans- 
fer from  a  solution  of  concentration  Ci  to  a  solution  of  concentration  ct9 
it  becomes  possible  to  compute  the  decrease  in  heat  content  of  transfer 
of  the  hydrogen  ion  from  solutions  of  MeCl  (c)  in  HC1  (0.1)  to  HC1  (0.1). 
The  results  of  this  calculation  have  been  tabulated. 
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(8)  The  decrease  in  heat  content  of  transfer  of  the  hydrogen  ion  from 
MeCl  (c)  in  HC1  (0.1)  to  HC1  (0.1)  is  shown  to  be  a  function  of  the  total 
ion  activity  of  the  solution,  and  not  of  the  activity  of  the  hydrogen  ion. 

Philadelphia,  Pa. 


THE  IONIZATION  POTENTIAL  OF  HYDROCHLORIC  ACID  AND 
THE  ELECTRON  AFFINITY  OF  CHLORINE.1 

By  Paul  D.  Foots  and  P.  L.  Mohur. 

Received  July  18,  1920. 

There  are  several  means  conceivable  whereby  a  molecule  of  hydrogen 
chloride  may  be  ionized. 

1.  The  structure  of  the  molecule  might  remain  intact,  the  molecule 
as  a  whole  losing  an  electron,  as  in  the  case  of  an  atom  of  monatomic 
metal.  This  would  require  the  existence  of  positively  charged  molecules 
of  hydrogen  chloride.  The  work  of  Aston2  on  positive  ray  analysis  in- 
dicates that  such  may  be  the  case.  In  discharge  through  phosgene  con- 
taining hydrogen  chloride,  he  found  that  ions  were  present  of  mass  35, 
36,  37  and  38,  and  identified  these  as  due  to  the  2  isotopes  of  chlorine  and 
their  corresponding  acids. 

2.  We  have  shown8  that  in  the  case  of  hydrogen  our  experimental  data 
lead  to  the  conclusion  that  the  hydrogen  molecule  may  be  ionized  by 
dissociation  into  atoms  and  ionization  of  one  atom.  If  hydrogen  chloride 
were  similar  to  hydrogen  in  this  respect,  the  ionization  might  result  in  a 
positively  charged  hydrogen  atom  and  a  neutral  chlorine  atom.  The 
work  required  to  ionize  thus  a  gram  molecule  of  hydrogen  chloride  may  be 
computed  in  the  following  manner. 

Let  Qhci  =  heat  of  formation  of  one  gram  mol.  of  HC1  from  the  diatomic 
gases  H2  and  Clj. 
Dh    —  V2  the  heat  of  dissociation  of  a  gram  mol.  of  Hi  into  mon- 
atomic hydrogen. 
Dc\    =  V2  the  heat  of  dissociation  of  a  gram  mol.  of  CU  into  mon- 
atomic chlorine. 


Accordingly, 


HC1    +  Qhci  =  ViH,  +  V2CI2 
ViH,  +  DH     =  H 
V2CI2  +  Da    =  CI 


Adding  HC1    +  Qhci  +  Du  +  DCi  =  K  +  CI. 

The  quantity  Qhci.  +  DH  +  D&  is  the  work  required  to  dissociate  a 
gram  mol  of  hydrogen  chloride  into  neutral  monatomic  hydrogen  and 

1  Published  by  permission,  Director  Bureau  of  Standards. 

1  Aston,  Phil.  Mag.,  39,  611  (1920). 

1  Mohler  and  Foote,  /.  Opt.  Soc.  Am.,  4,  49  (1920). 
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chlorine.  To  this  must  be  added  the  work  required  to  ionize  a  gram 
atom  of  hydrogen,  JH.  We  thus  obtain  for  the  work,  7hci»  necessary  to 
ionize  a  gram  mol.  of  hydrogen  chloride,  the  following  expression, 

7hci  =  7h  +  Ohci  +  Dh  +  A:i- 
All  the  terms  on  the  right  are  known.    The  ionization  potential  of  mon- 
atomic  hydrogen  is  13.5  volts.    To  express  this  in  kilogram  calories  per 
gram  atomic  weight  we  use  the  relation, 

kilogram  calories  =  23 . 1  X  volts 
whence 

/h     =312  kilogram  calories 

Qhci  =    22  (LiddelTs  Handbook) 

DK     =    45  (Langmuir) 

Da    =    56  (Pier) 

Thus,  on  adding,  /Hci  =  435  kilogram  calories  per  g.  mol.  o  18.8 
volts  per  molecule. 

3.  An  atom  of  chlorine  is  believed  to  possess  an  affinity  for  an  electron. 
That  is,  a  neutral  chlorine  atom  readily  unites  with  an  electron  so  that  an 
amount  of  energy  E  must  be  expended  on  the  negative  ion  to  reduce  it 
to  a  neutral  condition.  Until  recently,  no  method  was  known  for  deter- 
mining the  magnitude  of  the  quantity  E.  Born,  Fajans  and  others1  have 
lately  arrived  at  a  numerical  estimate  of  E  through  a  somewhat  compli- 
cated and  abstract  process  of  reasoning.  In  order  to  make  our  discussion 
of  this  work  clear,  it  is  necessary  to  indicate  briefly  the  method  pursued 
by  Born. 

The  compressibility  of  a  crystal  of  a  halogen  salt  of  a  monatomic  metal 
may  be  fairly  well  explained  quantitatively  on  the  assumption  that  in 
addition  to  the  ordinary  Coulomb  force  of  repulsion  or  attraction, 
between  the  charges  on  the  ions  forming  the  crystal  structure,  there 
exists  between  2  ions  a  repulsive  force,  the  potential  of  which  is  inversely 
proportional  to  the  9th  power  of  their  distance  apart. 

It  is  accordingly  possible  to  compute  the  potential  energy  of  the  crystal 
system.  The  negative  of  this,  U,  referred  to  a  mol  of  the  crystal,  is 
the  work  which  must  be  done  on  a  gram  molecular  weight  of  the  crystal 
to  convert  it  into  free  positive  and  negative  ions.    Born  finds 

77  —  ^a  n  —  x 
45       n 

where  a  is  a  universal  constant,  N  =  Avogadro's  number,  n  =  9  f or 
alkali  salts  (except  lithium,  where  n  =  5),  and  8  is  the  grating  space  of 
the  simple  cubic  crystal,  i.  e.,  the  distance  between  like  atoms 
measured  along  the  edge  of  an  elementary  cube.  This  is  readily  com- 
1  See  series  of  papers  in  Verh.  deut.  physik.  Gcs.t  19x8  and  1919. 
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puted  from  the  molecular  weight,  density,  and  Avogadro  number.    In 
this  manner  we  may  obtain  a  table  of  values  of  U  for  a  large  number  of 
salts.    The  heats  of  formation  0  of  the  salts  are  tabulated  in  any  chemical 
handbook. 
Let  E   =*  electron  affinity  in  kg.  cal.  of  the  halogen  atoms  per  g.  atom. 

J    =  ionization  potential  in  kg.  cal.  of  the  neutral  metal  atoms  per 
g.  atom. 

D   =  heat  of  dissociation  per  l/»  g.  mol.  of  diatomic  halogen  gas. 

D'  =  latent  heat  of  sublimation  of  the  metal  per  g.  atom. 
The  work  required  to  dissociate  a  gram  atom  of  solid  metal  into  free 
ions  and  electrons  is  accordingly  D'  +  /,  while  the  work  required  to 
dissociate  1/2  g.  mol.  of  diatomic  halogen  gas,  in  an  atmosphere  of  elec- 
trons, into  negatively  charged  ions  is  D  —  E.  Hence,  the  heat  of  forma- 
tion, for  example,  of  sodium  chloride  crystal  per  g.  mol.  may  be  expressed 
as  follows: 

0n»C1  =  — D'x*  —  /Na  —  &&  +  ^Cl  +   E^NaCl 

The  values  of  /  for  the  alkali  metals  are  known  from  our  experimental 
work1  to  be  accurately  determined  by  the  quantum  relation  hw  =  eV9 
where  v  is  the  limit  of  the  principal  series  of  each  metal  in  question.  Born 
has  shown  that  the  value  of  D'  for  all  the  alkali  metals  is  about  20  kg. 
cal.  Hence,  the  above  equation  may  be  solved  for  Ecu  the  only  un- 
known. Proceeding  in  a  similar  manner  for  other  chlorides,  it  is  found 
that  the  same  value  of  £a  is  obtained,  thus  substantiating  the  theory. 
The  mean  value  of  ECi  per  g.  atom  was  computed  as  119  kg.  cal.,  or  ex- 
pressed in  volts  and  referred  to  a  single  atom,  5 . 2  volts. 

The  second  possible  method  for  ionizing  hydrogen  chloride  described 
above  assumed  the  dissociation  into  hydrogen  ion  and  neutral  chlorine 
atom.  If  chlorine  possesses  an  affinity  for  electrons,  the  chlorine  atom 
might  readily  attach  an  electron  to  itself,  since  in  the  process  of  ioniza- 
tion, 2  electrons  are  present,  the  impacting  electron  and  the  electron 
ejected  from  the  hydrogen  atom.  The  ionization  of  hydrogen  chloride 
would  accordingly  ultimately  result  in  hydrogen  ion  and  chlorine  ion, 
but  the  energy  disappearing  when  the  chlorine  atom  becomes  negatively 
charged  would  not  by  Method  2  have  any  effect  upon  the  measured  ioniza- 
tion potential  of  hydrogen  chloride.  Under  such  conditions,  it  should 
be  radiated  as  a  quantum  of  energy  eE  =  hv,  and  the  wave  length,  X  = 
2400A  might  be  detected  spectroscopically  (if  existing). 

Born,  Fajans,  and  others  are  of  the  opinion,  however,  that  the  gain  in 
energy  by  the  production  of  the  negative  chlorine  atom  assists  in  the  ion- 
ization of  hydrogen  chloride.  On  this  basis,  the  collision  of  an  electron 
of  sufficient  velocity  with  the  hydrogen  chloride  molecule,  results  in  the 
immediate  production  of  a  positively  charged  atom  of  hydrogen  and  a 
1  Footc,  Rognley  and  Mohlcr,  Phys.  Rev.,  13,  59  (1919). 
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negatively  charged  atom  of  chlorine.  A  mechanical  picture  of  the  phe- 
nomenon readily  suggests  itself.  The  molecule  of  hydrogen  chloride  may 
be  represented  structurally  by  H+  —  CI",  and  the  ionization  accordingly 
consists  in  a  splitting  apart  of  the  2  ions  or  in  a  disruption  of  the  bond 
holding  the  2  ions  together.  The  work  necessary  to  accomplish  this,  de- 
duced in  a  manner  similar  to  that  outlined  above,  gives  the  following 
relation  for  the  ionization  potential: 

./hcj  ™  7h  +  Onc\  +  Dh  +  Da  —  E& 
or 

Jncx  -  3"  +  22  +  45  +  56  —  119  = 

316  kg.  cal./g.  mol.  wt.  o  13.7  volts/molecule. 

Born  uses  slightly  different  values  for  some  of  the  above  constants  and 
obtains  yHci  —13.9  volts,  while  Fajans  computes  14.0  volts.  This 
value  is  so  close  to  the  ionization  potential  of  hydrogen,  13.5  volts,  that 
every  precaution  must  be  taken  to  preclude  the  production  of  hydrogen 
by  ordinary  chemical  reaction  in  the  ionization  tube. 

Experimental. 

The  hydrogen  chloride  was  generated  by  dropping  hydrochloric  acid 
into  cone,  sulfuric  acid.  This  was  passed  through  calcium  chloride  and 
a  trap  cooled  to  about  — 55  °  to  eliminate  water  vapor,  and  then  was  al- 
lowed to  stream  through  the  ionization  chamber.  A  similar  trap  was 
mounted  between  the  ionization  chamber  and  condensation  pumps  in 
order  to  reduce  the  vapor  pressure  of  mercury.  In  a  few  cases  the  experi- 
ments were  made  with  the  vapor  stagnant  instead  of  streaming. 

The  ionization  chamber  was  of  the  4-electrode  type,  consisting  of  a  hot 
wire  with  a  cylindrical  net  surrounding  it  and  at  some  distance  a  second 
concentric  cylindrical  net  and  outer  cylinder.  The  electrodes  were  of 
platinum  and  hot  cathodes  of  both  platinum  and  molybdenum  were  em- 
ployed since  the  latter  could  be  operated  at  considerably  higher  tempera- 
tures and  thus  furnish  a  much  larger  electron  current.  The  inleading 
wires  were  of  tungsten  sealed  to  Corning  glass  GT7o-702P-Pyrex,  and  all 
metal  joints  were  made  either  by  welding  or  in  some  cases,  by  means  of 
gold.    Ordinary  silver  solder  is  readily  attacked  by  the  vapor. 

The  general  methods  of  measurement  have  been  discussed  in  papers 
on  metallic  and  non-metallic  vapors  and  gases.1 

We  were  unable  to  show  that  hydrogen  chloride  possesses  a  resonance 
potential,  a  property  exhibited  by  all  of  the  other  materials  so  far  in- 
vestigated.   Two  methods  were  employed  to  detect  ionization. 

1Tate  and  Foote,  Phil.  Mag.,  36,  64  (1918);  Bur.  Standards  Set.  Paper,  317; 
J.  Washington  Acad.  Set.,  7,  517  (191 7);  Foote  and  Mohler,  Phil.  Mag.,  37,  33  (1919); 
Foote,  Rognley,  and  Mohler,  Phys.  Rev.,  13,  59  (19 19);  Mohler,  Foote  and  Stimson, 
Bur.  Standards  Set.  Paper,  368;  Mohler  and  Foote,  "Non-Metallic  Vapors  and 
Gases."  Bar.  Standards  Set.  Paper  (in  press);  /.  Opt.  Soc.  Am.,  4,  49  (1920). 
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i.  The  electrons  were  accelerated  between  the  hot  wire  and  inner  net 
by  a  potential  difference  V.  A  portion  of  these  passed  through  the  net 
into  the  space  between  the  2  nets  which  were  maintained  at  the  same 
potential,  and  if  of  sufficient  velocity,  produced  ionization.  The  positive 
ions  diffused  into  the  space  between  the  outer  net  and  cylinder  which  were 
connected  through  a  galvanometer  to  a  potential  of  such  magnitude  and 
sign  that  no  electrons  could  pass  through.  The  galvanometer  accordingly 
showed  zero  deflection  as  the  accelerating  voltage  was  increased,  until 
this  reached  the  ionization  potential,  at  which  point  an  ionic  current  is 
observed. 

2.  The  second  method  was  that  of  Davis  and  Goucher,  the  details  of 
which  have  been  described  in  their  paper.1 

In  order  to  correct  for  the  velocity  distribution  of  electrons,  voltage  drop 
along  the  cathode,  polarization  films,  etc.,  velocity-distribution  curves 
were  obtained,  using  the  apparatus  as  a  3-electrode  tube,  the  outer  net 
and  cylinder  being  connected  together.  It  is  necessary  to  plot  these 
curves  on  the  proper  coordinate  scale,  such  that  the  galvanometer  pos- 


Volts 

Fig.  1 — Typical  ionization  and  velocity  distribution  curves. 
1  Davis  and  Goucher,  Phys.  Rev.,  io,  101  (1917).- 
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sesses  the  same  sensitivity  to  ions  formed  above  the  ionization  potential 
and  to  electrons  emitted  much  more  copiously  at  low  accelerating  volt- 
ages with  the  3-electrode  tube.    Typical  curves  are  illustrated  in  Fig.  1. 

Table  I  summarizes  the  data  for  hydrogen  chloride,  giving  observed  or 
applied  potentials  at  ionization,  initial  potential  corrections  as  determined 
by  the  velocity  distribution  curves,  vapor  pressure,  and  corrected  values 
for  the  ionization  potential.  The  final  mean  is  14.0  volts  with  a  probable 
error  of  o.  2  volt.  If  we  omit  all  data  obtained  on  humid  days  when  the 
electrical  leaks  were  troublesome  and  use  only  those  determined  from 
curves  10,  14,  18,  21,  29,  34,  36,  38  and  40,  the  mean  value  is  still  14.0 
volts  with  a  probable  error  of  o .  1  volt. 

Table  I. 
Ionization  Potential  of  Hydrogen  Chloride. 


Curve. 

Pressure. 
Mm. 

Applied  potential 
at  ionization. 

Initial 
potential. 

Ionization 

potential.        Method. 

2 

O.I5 

13.O 

—0.5 

12.5 

1 

5 

O.15 

14.O 

—0.7 

133 

1 

10 

0.33 

16.O 

—1.5 

14.5 

1 

*4 

0.33 

15.6 

—1.5 

14. 1 

1 

18 

0.45 

16.O 

—1.5 

145 

1 

21 

I.60 

15.O 

—1.5 

13.5 

1 

25 

O.20 

15.6 

— I.I 

14.5 

2 

28 

O.20 

16.O 

— I.l 

149 

2 

29 

O.25 

I4.O 

—0.7 

133 

1 

30 

O.25 

16.5 

— 1.0 

155 

2 

31 

O.25 

14.O 

— 0.6 

134 

2 

34 

O.50 

16.O 

— 2.0 

14.O 

1 

36 

O.40 

15.2 

—1.6 

13.6 

1 

38 

O.30 

I5.0 

— 1.2 

13.8 

1 

39 

O.30 

16.O 

—1.6 

14.4 

1 

Mean 

»      •  •  • 

14.0  Volts 

As  this  value  is  close  to  that  determined  by  us  for  atomic  hydrogen,  it  is 
necessary  to  show  that  the  ionization  potential  of  hydrogen  chloride  was 
actually  observed.  If  a  liquid-air  trap  be  connected  to  the  ionization 
tube,  thus  condensing  the  hydrogen  chloride,  the  characteristic  ioniza- 
tion disappears,  showing  that  the  effect  is  not  due  to  hydrogen  produced 
by  ordinary  chemical  reaction.  This  is  illustrated  in  Fig.  2.  A  pressure 
of  hydrogen  chloride  equivalent  to  1 .6  mm.  of  mercury  was  admitted  to 
the  ionization  chamber  and  the  apparatus  sealed.  With  the  trap  main- 
tained at  — 50  °,  Curve  21  was  obtained.  After  some  time  the  trap  was 
cooled  in  liquid  air  and  Curve  24,  plotted  to  the  same  scale  of  sensitivity 
was  secured.  The  pressure  as  shown  by  the  manometer  was  0.007  nun., 
about  the  order  of  magnitude  of  the  vapor  pressure  of  hydrogen  chloride 
at  this  temperature.  Only  a  trace  of  ionization  is  present,  which  may  be 
accounted  for  by  this  small  pressure  of  hydrogen  chloride. 

A  further  proof  that  the  ionization  was  not  due  to  hydrogen,  which  is 
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produced  to  some  extent  from  dissociation  by  the  hot  cathode,  is  the  fact 
that  no  visible  arc  could  be  detected,  even  with  ionization  currents  of  a 
magnitude  at  which  hydrogen  shows  a  fairly  brilliant  discharge. 


Volts 
Fig.  2 — Curve  21  obtained  without  liquid  air;  Curve  24  with  liquid  air. 

A  still  further  confirmation  that  the  inelastic  collisions  taking  place 
between  the  2  nets  did  not  occur  with  hydrogen  is  the  fact  that  by  the 
Davis  and  Goucher  method  no  radiation  could  be  detected  below  14.0 
volts,  while  at  this  voltage  and  at  high  pressure,  thus  permitting  a  rapid 
rate  of  recombination  between  hydrogen  ion  and  chlorine  ion,  the  radia- 
tion, measured  photo-electrically,  was  pronounced.  If  many,  collisions 
occurred  with  hydrogen,  radiation  would  have  appeared  at  10. 1  volts, 
the  resonance  potential  of  monatomic  hydrogen. 

We  are,  therefore,  led  to  the  conclusion  that  but  one  type  of  inelastic 
impact  of  electrons  and  molecules  occurs  in  hydrogen  chloride.  This  re- 
sults in  ionization,  and  the  velocity  of  the  impacting  electron  must  be  that 
developed  in  falling  through  a  potential  difference  of  14.0  volts. 

Conclusions. 

The  experimental  results  indicate  that  ionization  of  hydrogen  chloride 
takes  place  according  to  Method  3,  outlined  above.  The  hydrogen 
chloride  molecule  consists  of  a  positively  charged  hydrogen  atom  and  a 
negatively  charged  chlorine  atom  bonded  together,  and  the  ionization 
simply  disrupts  this  bond.  The  work  necessary  to  ionize  a  gram  mol  of 
hydrogen  chloride  is  accordingly  the  work  of  ionizing  a  gram  atom  of 
hydrogen  plus  the  heat  of  formation  of  hydrogen  chloride  plus  the  heat 
of  dissociation  of  0.5  gram  mol.  of  hydrogen  plus  the  heat  of  dissocia- 
tion of  0.5  gram  mol  of  chlorine  minus  the  electron  affinity  of  a  gram 
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atom  of  chlorine.  This,  expressed  in  volts  and  referred  to  a  single  mole- 
cule is  13.7  volts,  in  excellent  agreement  with  the  experimentally  deter- 
mined value  of  14.0  volts. 

Our  experiments  accordingly  afford  a  surprising  confirmation  of  the 
theories  of  Born,  Fajans  and  others,  showing  that  their  deductions  on 
the  magnitude  of  the  electron  affinities  of  the  halogens  from  the  grating 
energies  of  their  crystalline  salts  is  well  founded.  Were  it  not  for  the 
electron  affinity  of  chlorine,  hydrogen  chloride  would  ionize  at  about  18.8 
volts,  far  greater  than  the  observed  value.  Hence,  our  value  of  14.0 
volts  leads  to  an  experimental  determination  of  the  electron  affinity  of 
chlorine  expressed  by  the  relation  EC\  —  18.8  —  14.0  »  4.8  volts. 

Hydrogen  chloride  is  known  to  possess  no  characteristic  visible  or 
ultra-violet  spectrum,  in  agreement  with  natural  consequence  of  the  above 
observed  peculiar  type  of  ionization  and  the  observed  non-existence  of 
a  resonance  potential.  Any  radiation  emitted  which  is  characteristic 
of  hydrogen  chloride  would  be  produced  by  the  union  of  hydrogen  ion 
and  chlorine  ion,  giving  rise  to  a  quantum  of  hv  =  eV,  where  V  is  14.0 
volts.  The  corresponding  wave  length  in  the  extreme  ultra-violet  is 
X  =  880A,  radiation  which  might  be  observed,  although  the  experimental 
difficulties  would  be  considerable. 

Since  positively  charged  hydrogen  atoms  are  formed  on  ionization  of 
hydrogen  chloride,  we  might  expect  that  on  recombination  a  portion  of 
these  atoms  would  attach  electrons  to  themselves  instead  of  chlorine  ions, 
thus  giving  rise  to  the  spectrum  of  monatomic  hydrogen.  Hydrogen 
atoms  might  combine  to  form  molecules  so  that  some  molecular  hydro- 
gen is  likely  produced  as  a  result  of  electronic  impact  in  hydrochloric  acid 
vapor.  A  high  voltage  discharge  through  hydrogen  chloride  shows  the 
ordinary  spectrum  of  hydrogen. 

It  is  interesting  to  note  that,  as  predicted  by  Haber,  the  attraction  be- 
tween a  hydrogen  nucleus  and  a  halogen  ion  is  about  the  same  as  the  at- 
traction between  the  hydrogen  nucleus  and  the  electron  in  the  neutral 
hydrogen  atom. 

BUftBAU  OF  STAJfDAKDS, 

WASBXMOTON,   D.   C.  


NOTE. 
Correction. — In  the  article  entitled  "Reactions  of  ft/J'-Dichloro-ethyl 
sulfide,"  appearing  in  the  June,  1920,  number  of  This  Journal,  the  follow- 
ing corrections  should  be  made:  on  p.  1221,  in  the  table,  the  boiling 
point  should  read,  222-3 °  °t  2I  mm.,  and  the  melting  point  given  as  1010 
should  read,  171  °;  and  on  p.  1223,  in  the  table,  the  boiling  points  should 
read, respectively,  173-5 °  at  21  mm.,  193-50  at  22  mm.,  223-3 °  at  21  mm., 
and  1700  at  4  mm.    These  errata  should  also  appear  in  the  Summary. 

O.  B.  Helfrich 
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SYNTHESES  OF  s-XYLIDINB. 

By  Herbert  L.  Hallbr  and  Elliot  Q.  Adams,  with  optical  measurements  by  Edgar 

T.  Wherry. 

Received  April  27,  1920. 

It  is  well  known  that  s-xylidine  is  the  only  one  of  the  isomeric  xylidines 
absent  from  commercial  xylidine.  It  has  been  prepared  from  w,4-xylidine 
by  successive  steps  involving  acetylation,  nitration,  saponification,  de- 
amination  and  reduction.  As  a  starting  point  in  the  preparation  of  de- 
rivatives of  quinoline,  it  became  necessary  to  secure  s-xylidine  absolutely 
free  from  its  isomers.  Since,  in  its  preparation  from  w,4-xylidine,  the 
utmost  care  might  fail  to  insure  this,  a  synthesis  starting  with  mesitylene 
was  undertaken.  Mesitylene  was  oxidized  to  mesitylenic  acid,  changed 
to  the  amide  and  finally  converted  to  s-xylidine  by  means  of  Hofmann's 
reaction.  The  synthesis  from  w,4-xylidine^  Nalthough  consisting  of  as 
many  steps  as  involved  in  the  foregoing  process,  is  more  satisfactory  for 
the  preparation  of  considerable  amounts  of  material  on  account  of  the 
consistently  higher  yields.  We  found  it  possible  to  eliminate  one  opera- 
tion from  the  procedure  given1  for  this  synthesis. 

Experimental  Part 
I.  The  Preparation  of  s~Xylidine  from  Mesitylene. 

Mesitylene  was  prepared  in  the  usual  manner  by  the  condensation  of 
acetone  with  the  aid  of  sulfuric  acid.  We  found  that  the  directions  of 
Orndorff  and  Young2  gave  the  most  satisfactory  results.  After  steam 
distillation,  the  crude  mesitylene  was  washed  with  alkali  and  water,  dried, 
over  calcium  chloride  and  distilled.  To  remove  sulfur  compounds  the 
distillate  was  refluxed  with  sodium  and  redistilled.  The  portion  which 
distilled  up  to  1750  was  subjected  to  fractional  distillation,  and  the  frac- 
tion boiling  from  1600  to  167  °  was  oxidized  to  mesitylenic  add.* 

Mesitylenic  Acid. — Fifty  g.  of  mesitylene,  80  cc.  of  cone,  nitric  acid , 
(sp.  gr.  1 .47)  and  240  cc.  of  water  were  heated  under  a  reflux  condenser, 
for  22  hours  on  a  sand  bath.    The  solution  was  then  cooled  in  ice  and  the 
precipitated  solid  removed  by  filtration.    The  crude  mass  was  dissolved 
in  alkali,  and  the  alkaline  solution  extracted  with  ether.    The  filtrate 
was  also  rendered  alkaline  and  extracted  with  ether.    From  these  ether 
extracts  10  g.  of  mesitylene  was  recovered.    The  alkaline  solution  contain-, 
ing  the  mesitylenic  acid  was  acidified  with  hydrochloric  acid,  filtered,  and 
the  precipitate  subjected  to  steam  distillation.    To  remove  nitro  com-.* 

1  C.  Willgerodt  and  F.  Schmierer,  Ber.t  38, 1472  (1905). 

*  W.  R.  Orndorff  and  S.  W.  Young,  Am,  Chem.  J.,  15,  249  (1893).    . 

*  R.  Fittig,  Ann.,  141,  144  (1867).  In  this  article  the  proportions  of  acid  and 
mesitylene  are  not  given,  and  the  concentration  of  nitric  acid  used  is  higher  than  we 
have  found  desirable. 
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pounds,  the  product  obtained  by  steam  distillation  was  heated  under  a 
reflux  condenser  for  several  hours  with  tin  and  cone,  hydrochloric  acid, 
after  which  the  undissolved  solid  was  recrystallized  from  50%  alcohol. 
The  yield  was  9 . 7  g. 

Mesitylenic  Amide. — The  conversion  of  mesitylenic  acid  to  the  acid 
chloride1  was  brought  about  by  warming  it  gently  with  phosphorus  penta- 
chloride.  After  the  phosphorus  oxychloride  had  been  distilled,  the  reac- 
tion mixture  was  poured  into  ice-cold  cone,  ammonia.  The  amide  sepa- 
rated by  filtration  was  washed  with  dil.  ammonia,  and  recrystallized  from 
water. 

Conversion  of  Mesitylenic  Amide  with  s-Xylidine. — The  amide  was 
verted  to  s-xylidine  by  means  of  sodium  hypobromite.  To  a  solution 
°f  95  £•  of  sodium  hydroxide  in  400  cc.  of  water  and  cooled  to  5  °,  90  g. 
of  bromine  was  added  slowly.  Forty  g.  of  the  amide  was  made  into  a 
paste  with  a  10%  solution  of  sodium  hydroxide.  While  the  hypobro- 
mite solution  was  stirred,  the  amide  was  added  slowly;  finally  the  mix- 
ture was  distilled  with  steam.  The  distillate  was  extracted  with  ether, 
the  extract  dried  over  calcium  chloride  and  distilled.  The  yield  of 
5-xylidine  was  19  g. 

The  amine  was  converted  into  the  acetyl  derivative  by  heating  it 
/or  half  an  hour  on  the  steam-bath  with  an  equal  weight  of  acetic  anhy- 
dride. The  product  was  poured  into  water,  the  s-acet-xylide  collected 
and  recrystallized  6  times  from  95%  alcohol.  The  melting-point  was 
139. 6°  to  140. 2°. 

II.  The  Preparation  of  s-Xylidine  from  w-4-Xylidine. 

To  obtain  m,4-xylidine,  from  commercial  xylidine,  it  was  treated  with 
glacial  acetic  acid  and  the  mixture  allowed  to  stand  for  24  to  48  hours.*^ 
The  acetate  which  formed  was  filtered  and  recrystallized  from  ether. 
Acetylation  was  effected  with  acetic  anhydride  in  the  usual  manner  and 
the  product  was  recrystallized  from  alcohol.  The  acet-nitro-xylide  was 
prepared  by  adding  the  acet-xylide  in  small  portions  to  "red"  fuming 
nitric  acid8  (sp.  gr.  1 .55  to  1 .57)  while  the  mixture  was  stirred  and  the 
temperature  was  kept  between  o°  and  50.  After  the  addition  of  all  the 
acet-xylide,  the  reaction  mixture  was  poured  into  ice-water,  the  precipi- 
tated acet-nitro-xylide  immediately  filtered,  washed  well  with  water  and 
recrystallized  from  alcohol. 

We  have  found  it  possible  to  prepare  the  nitro-xylene  directly  from 
nitro-acet-xylide.    For  this  purpose  50  g.  of  nitro-acet-xylide  was  added 

1  R.  Fittig  and  W.  H.  Brueckner,  Ann.,  147,  47  (1868). 

1  W.  R.  Hodgkinson  and  L.  Limpach,  /.  Chem.  Soc,  77,  65  (1900). 

•  Nitrous  fumes  were  generated  by  dropping  cone,  sulfuric  acid  into  a  concentrated 
solution  of  sodium  nitrite  and  were  passed  into  c.  P.  fuming  nitric  acid  (sp.  gr.  1.50) 
to  the  point  of  saturation. 
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to  50  g.  of  sulfuric  acid  (sp.  gr.  1.84)  and  heated  at  125  °  for  15  minutes. 
The  reaction  product  was  poured  into  a  mixture  of  300  g.  of  95%  ethyl 
alcohol  and  150  g.  of  cone,  sulfuric  acid,  cooled  to  5°,  and  then  diazotized 
with  30  g.  of  sodium  nitrite  in  cone,  water  soln.  Copper  powder  was 
added  to  catalyze  the  reaction,  after  which  the  solution  was  distilled  with 
steam.  The  yield  of  the  nitro-xylene  was  35  g.  The  nitro-xylene  was 
recrystallized  from  alcohol. 

To  a  solution  of  150  g.  of  stannous  chloride  in  200  g.  of  hydrochloric 
acid  (sp.  gr.  1 .  19),  the  nitro  compound  was  added  in  small  portions.  Heat 
was  necessary  to  start  the  reaction.  After  the  addition  of  all  the  nitro- 
xylene,  the  reaction  mixture  was  heated  on  the  steam  bath  for  an  hour, 
diluted,  cooled,  made  alkaline,  and  distilled  with  steam.  The  yield  of 
5-xylidine  was  15  g. 

The  acetyl  derivative  was  prepared  and  purified  as  already  described 
for  the  5-acet-xylide  from  mesitylene.  The  melting-point  was  139. 6° 
to  140. 20.  Samples  of  the  2  preparations  and  of  their  mixture  were  at- 
tached to  the  same  thermometer  and  all  3  softened  and  melted  within 
o.  1  °  of  one  another. 

Optical  Properties  (by  Edgar  T.  Wherry).  When  studied  by  the  immersion 
method  under  the  microscope,  these  preparations  have  identical  properties,  as  follows. 

Habit:  plates,  rather  irregular  in  outline,  and  often  overlapping.  System:  appar- 
ently monoclinic,  with  clinopinacoid  prominent. 

Refractive  indices  (D):  a  ■»  1.45,  0-indeterminate,  7  -  1.69,  y  —  «  =»  0.24. 

As  seen  in  polarized  light,  nicols  crossed:  Colors  around  2nd  order;  the  over- 
lapping and  stepped  variation  in  thickness  of  the  plates  producing  striking  mosaic 
effects;  elongation  negative;  extinction  angle  (on  edges  most  frequently  present)  12*. 

In  convergent  polarized  light,  nicols  crossed:  Shows  no  definite  interference 
figures,  the  optic  normal  being  apparently  perpendicular  to  the  surfaces  of  the  plates. 


[Contribution  from  the  Chemical  Laboratory  or  thb  University  of  North 

Carolina.] 

PARA  CYMENE  AS  A  SOLVENT. 

By  A.  S.  Whbblbr. 

Received  May  22,  1920. 

Until  the  discovery  was  made  that  spruce  turpentine,  a  by-product  of  the 
manufacture  of  spruce  pulp  by  the  sulfite  process,  consisted  largely  of 
p-cymene  this  hydrocarbon  was  not  available  as  an  ordinary  solvent. 
The  price  is  now  so  much  lower  that  it  shuold  be  placed  on  the  regular 
list  of  solvents. 

Cymene  assumes  an  important  position  as  a  solvent  because  it  is  a 
hydrocarbon  of  high  boiling-point  and,  where  possible,  is  to  be  preferred 
to  such  colored  solvents  as  aniline  or  nitrobenzene,  or  an  ill-smelling 
solvent  such  as  pyridine.  Cymene  boils  at  176.5 °  and  in  point  of  avail- 
ability comes  next  to  xylene  in  the  benzene  series.    It  should  be  useful 
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as  a  simple  solvent  or  in  mixed  solvents  and  in  molecular  weight  deter- 
minations where  the  elevation  of  the  boiling-point  method  is  employed. 
The  solubilities  of  a  variety  of  types  of  compounds  in  it  have  been  deter- 
mined and  the  results  are  given  below.  Owing  to  the  method  used  the 
first  group  (Table  I)  are  of  moderate  accuracy  only. 

Purification  of  Cymene. — Considerable  work  was  done  in  searching 
for  the  best  method  of  isolating  the  cymene  from  spruce  turpentine.  A 
very  large  yield  was  readily  obtained  from  spruce  turpentine  made  at 
Canton,  N.  C,  where  a  moderate  temperature  was  employed  in  digesting 
the  spruce  wood  but  this  supply  gave  out  and  the  spruce  turpentine  ob- 
tained from  Brie,  Pa.,  was  a  darker  product  and  contained  larger  quanti- 
ties of  substances  other  than  cymene. 

The  removal  of  sulfur  dioxide  was  the  first  problem.  Several  methods 
were  available:  (1)  extraction  with  water  which  is  too  slow  and  laborious; 
(2)  the  dioxide  could  be  boiled  out  successfully,  but  explosions  will  some* 
times  occur;  (3)  shaking  with  dilute  sodium  hydroxide  removes  it,  but 
produces  a  precipitate  difficult  to  handle;  (4)  shaking  with  lime,  150  g. 
per  3000  cc.,  also  causes  a  troublesome  precipitate,  although  Andrews1 
has  adopted  this  method;  (5)  hot  air  drawn  through  the  turpentine  read- 
ily removes  the  dioxide;  (6)  air  of  the  ordinary  temperature  drawn  through 
five  gallons  removes  the  sulfur  dioxide  completely  in  10  hours.  The  vol- 
ume diminishes  5%.  This  method  needs  no  attention  and  is  the  best 
of  any. 

The  turpentine  was  then  submitted  to  distillation  with  super-heated 
steam,  in  apparatus  arranged  so  that  the  vapors  passed  first  through  a 
30%  solution  of  sodium  hydroxide  and  then  into  the  condenser.  As  sug- 
gested by  Professor  R.  H.  McKee  in  a  private  communication,  3  frac- 
tions were  collected  :  (1)  16%;  (2)  50%;  (3)  16%.  The  non-volatile  resi- 
due made  up  the  remainder  of  about  18%.  In  this  laboratory  we  have 
obtained  such  an  excellent  yield  of  2-bromocymene  from  pure  cymene 
that  I  propose  to  test  the  quality  of  these  fractions  by  brominating  them. 

To  determine  the  next  step  in  the  purification,  the  following  experi- 
ments were  tried:  the  distillate  was  shaken  (1)  with  a  solution  of  sodium 
plumbate;  (2)  with  a  0.5%  solution  of  potassium  permanganate;  (3)  it 
was  boiled  in  a  stream  of  hydrogen  with  copper  chloride  upon  pumice 
stone;  (4)  it  was  boiled  with  metallic  sodium;  (5)  it  was  shaken  with 
cone,  sulfuric  acid.  This  acid  attacks  the  impurities  but  also  sulfonates 
the  cymene  even  at  ordinary  temperature.  We  have  completely  sul- 
fonated cymene  at  room  temperature  by  shaking  it  for  a  week  with  cone, 
sulfuric  acid.  Schorger*  states  that  pure  cymene  is  not  colored  by  sul- 
furic acid,  but  I  have  not  been  able  to  confirm  this  observation,  neither 
1  U.  S.  patent  11314,920,  C.  A.,  13,  276$  (19x9)* 
'  This  Journal,  39, 2672  (19*7). 
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has  Professor  McKee,  according  to  a  private  communication.  The  dis- 
tillate was  purified  by  shaking  it  with  a  5%  solution  of  sodium  hydroxide 
and  then  distilling  it  over  metallic  sodium.  Young's  most  complex  still 
head  of  5  sections  facilitated  fractionation.  Pure  cymene  boils  at  176- 
176. 50  and  has  a  refractive  index  of  1 .4905  at  12. 50. 

These  studies  were  carried  out  with  the  aid  of  Messrs.  T.  P.  Dawson, 
J.  S.  Murray  and  R.  H.  Sawyer,  senior  students  in  Chemistry. 

Solubility  Determinations. 
The  following  methods  were  employed  to  determine  the  solubilities 
given  in  Table  I  which  are  of  moderate  accuracy.  For  temperatures 
below  30  °,  the  solid  was  shaken  with  the  cymene  for  an  hour,  then  allowed 
to  stand  somewhat  longer  when  the  solution  was  filtered  into  a  dish  of 
known  weight.  The  temperatures  were  room  temperatures.  For  solu- 
bilities at  30  °  the  solid  and  cymene  were  placed  in  a  tube  immersed  in  a 
thermostat  and  stirred  mechanically.  The  solution  was  drawn  into  an- 
other tube  also  in  the  thermostat.    For  solubilities  at  ioo°  a  known 

Table  I. 

Temp.  Grams  in  100  g. 

Substance.  °  C.  of  cymene. 

Acetanilide 30  7 .23  Dawson 

Anthracene 25  1.57  Murray 

30  1.72  Murray 

100  9.24  Murray 

176  98.60  Murray 

Antipyrine 30  2 .09  Murray 

Caffeine 25  0.76  Dawson 

30  1 .  10  Dawson 

100  1 .  74  Dawson 

175  15  58  Dawson 

tf-Camphoric  add 100  1 .53  Dawson 

Hexachloro-benzene 23 .5  2 .93  Sawyer 

100  16.77  Sawyer 

176  106.95  Sawyer 

Naphthalene 30  14.22  Dawson 

0-Naphthylamine 30  8 .63  Dawson 

0-Nitro-aniline 30  6.33  Dawson 

m-Nitro-aniline 30  1 .36  Murray 

£-Nitro-aniline 25  o.  83  Sawyer 

Phloroglucinol 175  0.12  Dawson 

Strychnine 30  0.71  Sawyer 

100  0.95  Sawyer 

Tartaric  acid 27  Insol.  Sawyer 

xoo  Nearly  insol.  Sawyer 

Thio-urea 25  Insol.  Sawyer 

100  Nearly  insol.  Sawyer 

Thymol 25  113.85  Dawson 

Urea 27  Insol.  Sawyer 

100  Nearly  insol.  Sawyer 
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weight  of  substance  was  placed  in  a  test-tube  which  was  heated  by  boiling 
water.  Cyxnene  was  cautiously  added  from  a  buret  until  complete  solu- 
tion took  place.  An  oil  bath  was  used  for  higher  temperatures.  In  all 
cases  the  solution  was  placed  in  a  desiccator  through  which  air  was 
drawn.  The  evaporation  was  extremely  slow  and,  in  view  of  the  danger 
of  sublimation,  the  results  are  not  as  accurate  as  might  be  desired. 

It  was  possible  to  attain  greater  accuracy  in  the  case  of  acids  since 
these  could  be  titrated.  The  temperature  adopted  was  25  °.  A  saturated 
solution  was  first  made  at  40  °  and  this  was  placed  in  a  thermostat  care- 
fully regulated  to  within  o.i°.  The  apparatus  of  Pawlewski1  was  used 
for  stirring  the  solution  and  for  transferring  it  under  water.  The  solu- 
tion and  separated  crystals  were  stirred  for  half  an  hour  and  then  drawn 
over  through  a  filter  paper  into  the  weighing  tube.  The  solution  was 
weighed  and  then  transferred  to  a  flask  with  the  aid  of  a  little  alcohol. 
Water  was  added  and  the  solution  was  titrated  against  0.05  N  sodium 

Tablb  II. 

Normality  of  NaOH,  0.0486. 

Weight  of  sample.         NaOH.  Grams  in  100  g. 

No.  G.  Cc.  ofeymene. 

Benzoic  acid. 

i ' 38445  39.9  6-545 

2 4-I5*4  42.9  6-532 

3 2.8170  28.97  6.500 

Succinic  acid. 

1 6.5898  0.475  0.020 

2 4.8862  0.375  O.02t 

3 6.1368  0.425  0.020 

Anthranilic  acid. 

Normality  of  NaOH,  0.04676. 

1 4.7168  545  0.746 

2 6.3264  725  0.740 

3 9-3"8  xo.775  0-747 

Citric  acid. 

i 9.5310  1.05  0.036 

2 xo.9468  x.io  0.032 

3 11.4490  1.50  0.034 

Picric  acid. 

1 46383  11.05  2.536 

2 4.7848  11.40  2.618 

3 56180  13.35  2-6ii 

Phthalic  acid. 

1 11.7587  0.80  0.026 

2 12.1394  0.90  0.028 

3 11.9753  0.75  0.024 

Salicylic  acid. 

1 55047  8-35  0.989 

2 55831  8.45  0.986 

3 6.9183  10.35  °-97$ 

1  Per.,  32,  1040  (1899). 
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hydroxide  solution  which  had  been  standardized  against  benzoic  add.1 
Each  acid  was  carefully  purified.  Benzoic  acid  was  recrystallized  from 
alcohol  and  then  sublimed.  Anthranilic,  citric,  picric,  salicylic  and  suc- 
cinic acids  were  recrystallized  from  hot  water.  Phthalic  add  was  recrys- 
tallized from  hot  water  and  also  reprecipitated  from  its  sodium  salt. 

These  solubility  experiments  with  the  adds  were  carried  out  by  H.  M. 
Taylor,  Senior  student  in  Chemistry. 

A  Color  Reaction. — In  working  with  certain  samples  of  cymene,  it 
was  observed  that  they  turned  red  rather  quickly  when  they  contained 
p-anisidine  in  solution.  The  amount  of  ^-anisidine  used  was  small,  about 
one  part  in  500.  A  study  of  this  phenomenon  developed  the  fact  that  a 
perfectly  pure  cymene  does  not  change  color,  at  least  within  2  hours,  if 
exposed  to  a  moderate  light.  Impure  cymene  will  turn  pale  yellow,  deep 
yellow,  pale  red  or  deep  red  according  to  the  degree  of  impurity  or  to  the 
time  of  action.  A  strong  light,  especially  sunshine,  facilitates  the  develop- 
ment  of  the  color.  Coloration  also  occurs  in  the  dark.  It  may  be  added 
that  solutions  of  p-anisidine  in  other  solvents  also  develop  a  color. 

Chapbl  Hill.  N.  C. 
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CRYSTALLINE  CHLOROTETRACETYL  FRUCTOSE  AND  RELATED 

DERIVATIVES.* 
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Received  May  28,  1920. 

The  acetates  of  fructose  have  been  obtained  crystalline  only  by  apply- 
ing a  principle  which  differs  materially  from  the  ordinary  methods  of 
acetylation.  This  principle  consists  in  the  action  of  acetylating  agents 
on  finely  powdered  fructose  at  a  low  temperature  (below  o°).*  The  present 
communication  deals  with  the  use  of  these  stable  crystalline  acetates  as 
starting  material  for  the  preparation  in  the  crystalline  state  of  other  de- 
rivatives of  fructose. 

Crystalline  0-penta-acetyl  or  tetra-acetyl  fructose  in  chloroform  solu- 
tion gives  with  phosphorus  pentachloride  and  aluminum  chloride  a  crys- 
talline substance  which  has  proved  to  be  one  of  the  isomeric  forms  (proba- 
bly a-)  of  chloro-tetra-acetyl  fructose.  With  phosphorus  pentachloride 
alone  it  gives  a  good  yield  of  another  crystalline  substance,  supposed  to 
be  the  0-isomer.  It  is  to  be  regretted  that  the  necessity  of  postponing 
further  investigations  has  prevented  the  securing  of  definite  proof  of  the 

1  Bur.  Standards  BuU.  8,  643  (1912). 

*  The  work  described  in  this  paper  was  done  in  the  Carbohydrate  Laboratory  of 
the  Bureau  of  Chemistry  at  the  time  when  Dr.  C.  S.  Hudson  was  Chemist  in  charge 
of  that  laboratory. 

*  "On  a  Crystallized  d-Fructose-tetracetate,"  Proc.  Ray.  Acad.  Amsterdam,  10, 
563  (1907-1908). 
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possibility  of  preparing  two  isomeric  chloro-tetra-acetyl  derivatives  of  a 
sugar. 

In  continuation  of  the  investigation  of  crystalline  fructosides1  crystal- 
line 0-ethyl  fructoside  and  its  tetra-acetate  have  been  prepared  and  studied. 
While  all  attempts  to  obtain  a  crystalline  a-form  of  methyl  fructoside, 
either  by  enzymatic  action  or  by  fractional  sublimation  from  Fischer's 
syrupy  methyl  fructoside,  have  been  unsuccessful,  it  is  noteworthy  that 
the  sublimation  yields  a  crystalline  0-methyl  fructoside. 

Experimental. 

Crystalline  0-penta-acetyl  fructose  was  converted  into  chloro-tetra- 
acetyl  fructose  by  the  method  which  F.  V.  Arlt*  used  for  preparing  chloro- 
acetyl  glucose. 

Ten  g.  of  0-penta-acetyl  fructose  was  dissolved  in  14  cc.  of  dry  chloro- 
form in  an  Erlenmeyer  flask  with  glass  stopper,  cooled  with  ice-water, 
and  there  were  added  first  2.5  g.  of  aluminum  chloride  and  then  6.5  g. 
of  phosphorus  pentachloride,  the  mixture  being  shaken  at  room  tempera- 
ture for  an  hour,  occasionally  warming  the  solution  on  the  steam-bath. 
The  reaction  product  was  diluted  with  chloroform,  quickly  washed  in  a 
separatory  funnel  with  small  amounts  of  ice-water  with  addition  of  some 
sodium  hydrogen  carbonate,  dried  with  calcium  chloride  and  the  chloro- 
form quickly  evaporated  by  means  of  a  current  of  dry  air  passed  over  its 
surface  in  a  large  crystallizing  dish.  The  residue  was  taken  up  with 
dry  ether  and  the  ether  almost  completely  evaporated  in  a  current  of  dry 
air.  The  chloro-tetra-acetyl  fructose  separated  in  long  needles,  which 
were  filtered  by  suction  and  washed  with  small  amounts  of  ether,  or  better 
with  a  mixture  of  petroleum  ether  and  ether,  as  the  crystals  are  very  solu- 
ble in  ether.  The  crystals  may  be  recrystallized  by  evaporating  the  ether 
solution  with  a  current  of  dry  air.  By  placing  a  saturated  ether  solu- 
tion in  a  stoppered  bottle  in  the  refrigerator  and  seeding  the  solution,  large 
crystals  separated  overnight.  Yield  about  6  g.f  or  about  60%.  0-Fruc- 
tose  fefra-acetate  has  also  proved  in  this  case  to  be  a  valuable  starting 
product  as  the  same  results  are  obtained  as  with  the  less  available  0-fruc- 
tose  £ento-acetate. 

To  60  g.  of  0-fructose  tetra-acetate  dissolved  in  180  cc.  of  dry  chloro- 
form in  a  glass-stoppered  Erlenmeyer  flask  and  cooled  with  ice-water 
there  were  added  first  15  g.  of  dry  aluminum  chloride  and  afterwards  38 
g.  of  phosphorus  pentachloride.  The  mixture  was  kept  for  half  an  hour 
at  room  temperature  then  shaken  out  with  ice-water  and  treated  as  has 
been  described  for  the  first  preparation.  The  yield  was  about  40  g.  of 
chloro-tetra-acetyl  fructose,  or  about  65%. 

A  few  grams  of  chloro-tetra-acetyl  fructose  was  also  obtained  by  the 
1  This  Journal,  38,  1216  (1916). 
*  Arlt,  MomUsk.t  aa,  144  (1901) ;  see  also  Skraup  and  Kremann,  ibid.,  aa,  375  (1901). 
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following  method,  used  by  E.  Fischer  for  obtainfcig  chloro-tetra-acetyl 
glucose.  7  g.  of  0-fructose  penta-acetate  dissolved  in  8  cc.  of  acetic  acid 
saturated  with  hydrogen  chloride,  was  made  up  to  a  volume  of  25  cc.  with 
glacial  acetic  acid  and,  after  standing  for  half  an  hour,  the  mixture  was 
poured  into  cold  chloroform.  The  chloro-tetra-acetyl  fructose  was  obtained 
by  working  up  the  chloroform  solution  in  the  manner  already  described. 

This  chloro-tetra-acetyl  fructose  is  not  a  stable  substance.  It  decom- 
poses in  a  day  in  an  open  dish,  and  keeps  only  a  little  longer  in  a  desic- 
cator. The  best  way  to  preserve  it  for  a  longer  time  is  in  a  tightly  closed 
bottle  in  benzol  solution  in  the  refrigerator.  In  this  way  it  can  be  kept 
for  a  few  weeks.  Before  using,  it  was  always  recrystallized.  Combus- 
tion (with  lead  chromate)  gave  the  following  data. 
Subs.,  0.2950:  COj,  0.4991;  HtO,  0.1395. 
Calc.  for  CJlTOCCtHjOOiCl:  C,  45.83;  H,  5.22.    Found:  C,  46.14;  H,  529. 

The  quantitative  estimation  of  acetyl  was  combined  with  the  quantita- 
tive estimation  of  chlorine  by  the  following  method. 

0.6000  g.  of  substance  was  saponified  by  shaking  with  135.5  cc.  of  0.1  N  sodium 
hydroxide  solution  for  5  hours  at  o°  and  titrating  with  0.1  N  sulfuric  acid  and  phenolph- 
thalein.  For  neutralization  53.39  cc..  of  0.1  N  sulfuric  acid  was  required,  hence  82.1 1 
cc.  of  0.1  N  sodium  hydroxide  had  been  neutralized.  An  excess  of  silver  nitrate  solu- 
tion was  added  to  the  warm  neutral  solution  and  the  precipitate  filtered  on  a  weighed 
Gooch  filter.  0.2310  g.  of  silver  chloride  was  obtained,  equivalent  to  9.52%  of  chlorine 
in  the  substance.  The  0.23x0  g.  of  silver  chloride  had  been  formed  from  an  amount  of 
hydrochloric  acid  corresponding  to  16. 11  cc.  of  0.1  N  hydrochloric  acid,  hence  in  0.6000 
g.  substance  82.11  —  16. n  «  66.0  cc.  of  0.1  N  solution  or  66.0%  of  acetic  acid  is 
found.  In  a  similar  experiment  of  5.5  hours  duration,  9.52%  of  chlorine  and  66.1  % 
of  acetic  acid  were  found. 

The  theoretical  quantities  for  chloro-tetra-acetyl  fructose  are  9.67% 
of  chlorine  and  65 . 5%  of  acetic  acid. 

In  the  filtrate  from  the  silver  chloride  precipitate  no  chlorine  could  be 
detected  by  the  copper  oxide  test. 

The  molecular  weight  was  determined  by  the  lowering  of  the  freezing- 
point  of  benzene. 

In  3  experiments  1.962,  4.037  and  6.548  g.  of  chloro-tetra-acetyl  fructose  per  100  g. 
of  benzene  gave  the  respective  depressions  0.287  °,  0.562  °  and  0.903  °,  from  which  the 
values  342,  360  and  362  are  obtained  for  the  molecular  weight  in  comparison  with  the 
theoretical  value  367. 

The  specific  rotation  was  measured  in  chloroform  solution. 
2.0239  £•  of  twice-crystallized  chloro-tetra-acetyl  fructose  was  made  up  to  25  cc. 
with  U.  S.  P.  chloroform.    The  rotation,  measured  for  a  one-dcm.  tube  at  200  with 
sodium  light,  was  1248  circular  degrees  to  the  left;  hence  [aj2©  —  — 156.6. 

Beautifcd  large  crystals  were  obtained  once  by  keeping  a  saturated 
ether  solution  in  the  ice-box  overnight.  The  rotation  produced  by  o .  435 1 
g.  in  a  similar  solution  was  2 . 80  circular  degrees  to  the  left,  hence  [a]™  = 
— 160.9. 
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Other  values  obtained  from  recrystallized  preparations  were  always 
between  the  above  specific  rotations,  therefore,  the  value  [a]™  =  — 160.9 
is  taken  as  the  specific  rotation  of  pure  chloro-tetra-acetyl  fructose. 

The  substance  melts  at  83  °,  is  colorless  and  odorless,  has  a  bitter  taste 
and  is  easily  soluble  in  the  usual  solvents  excepting  water  and  petroleum 
ether.  It  is  decomposed  by  the  air,  even  in  a  desiccator.  When  exposed 
to  the  air  a  pure  preparation  still  gave  the  next  morning  after  washing 
with  an  ether-chloroform  mixture  a  weak  test  for  chlorine,  melted  at 
1240  (unsharp)  and  had  a  specific  rotation  of  — 1 13  °.  After  reerystalliza- 
tkm  from  ether  pure  /3-tetra-acetyl  fructose  was  separated,  identified  by 
the  melting-point  and  specific  rotation.  A  nearly  quantitative  conversion 
into  0-tetra-acetyl  fructose  was  obtained  by  shaking  10  g.  of  chloro- 
te*ra-acetyl  fructose  in  ether  solution  with  10  g.  of  silver  oxide  and  5  cc. 
of  water  for  a  day.  Bight  g.  of  pure  0-tetra-acetyl  fructose  was  separated 
and  the  product  was  identified  by  melting-point  and  specific  rotation. 
This  reaction  identified  the  substance  as  a  fructose  derivative.  The 
following  experiment  seems  to  indicate  that  this  chloro-tetra-acetyl  fruc- 
tose is  an  a-derivative. 

Two  g.  of  chloro-tetra-acetyl  fructose  was  dissolved  in  60  cc.  of  methyl 
alcohol  and  4  g.  of  silver  carbonate  and  2  g.  of  silver  oxide  were  added. 
The  mixture  was  shaken  for  1.5  days,  filtered  with  the  addition  of  some 
decolorizing  carbon  and  gave  on  evaporation  a  colorless  syrup  which  did 
not  crystallize.  Seeding  with  0-methyl-tetra-acetyl  fructose  was  not  ef- 
fective in  starting  the  crystallization.  The  syrup  was  dried  in  a  vacuum 
desiccator  in  order  to  determine  the  specific  rotation. 

0.5423  g.  of  this  dry  syrup  was  dissolved  in  25  cc.  of  chloroform  and  showed  in  a 
one-dcm.  tube  a  rotation  of  0.09  circular  degrees  to  the  left,  hence  [a]™  =  — 4.1. 
Crystalline  methyl-tetra-acetyl  fructose  has  a  specific  rotation  of  — 124.6. 

E.  O.  v.  Lippmann,  in  his  book  "Die  Chemie  der  Zuckerarten,"  Vol. 
1,  p.  870,  states  that  Kolli  and  Vachovte  mention  chloroacetyl  fructose;1  it 
is  said  to  be  entirely  analogous  to  chloro-aceto  glucose.  The  translation  of 
the  original  reference,8  by  the  courtesy  of  Dr.  E.  Yanovsky,  disclosed  that 
the  note  made  by  v.  Lippmann  comprises  all  that  could  be  found  in  the 
original  literature  regarding  the  preparation  and  properties  of  this  com- 
pound. It  is  very  probable  that  Kolli  and  Vachovi6,  in  the  year  1880,  in 
which  Colley's  "aceto  dblorglukose"  was  known  only  as  a  syrup,  have 
simply  applied  the  method  of  Colley  to  fructose  and  have  considered  the 
syrupy  reaction  product  as  chloro-aceto  fructose. 

In  one  of  the  experiments  for  preparing  chloro-tetra-acetyl  fructose  a 
small  amount  of  large  crystals  separated  on  evaporation  of  the  ether  solu- 
tion, which  had  an  appearance  and  melting-point  differing  from  those 

1  Chem.  Zentr.,  80,  613  must  be  Chem.  Zentr.,  11,  613  (1880). 

1  Proc.  Ross.  Phys.  Chem.  Soc.t  iar  4-6  (1880);  see  also  Ber.,  13,  2389  (1880). 
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of  the  chloro-tetra-acetyl  fructose.  Several  experiments  under  different 
conditions  were  made  in  order  to  obtain  this  substance  again,  but  were 
fruitless.  At  last  it  was  found  that  if  aluminum  chloride  is  omitted  the 
reaction  produces  a  good  yield  of  the  new  substance  which  is  entirely 
different  from  the  chloro-tetra-acetyl  fructose  which  has  been  described. 
The  explanation  why  this  new  compound  has  been  formed  the  first  time 
is  obvious.  Phosphorus  pentachloride  had  been  first  added  and  after  a 
short  time  (in  which  the  new  compound  was  formed)  aluminum  chloride. 

Preparation  of  the  Supposed  /S-Chloro-tetra-acetyl  Fructose. 

Sixty  g.  of  0-tetra-acetyl  fructose  was  dissolved  in  180  cc.  of  dry  chloro- 
form in  a  glass-stoppered  Erlenmeyer  flask  and  cooled  with  ice-water. 
Forty  g.  of  phosphorus  pentachloride  was  added  and  the  mixture  was 
shaken  occasionally,  lifting  the  stopper  now  and  then  to  release  the  excess 
pressure.  After  15  minutes  the  phosphorus  pentachloride  had  nearly 
disappeared,  and  the  reaction  product  was  shaken  in  a  separatory  funnel 
with  ice-water  with  addition  of  small  pieces  of  ice  and  afterwards  of  ice- 
water  to  which  sodium  hydrogen  carbonate  had  been  added.  The  chloro- 
form solution  was  dried  with  calcium  chloride  and  filtered,  the  chloroform 
evaporated  and  the  residue  mixed  with  absolute  alcohol.  Crystals  sepa- 
rated directly  and  were  filtered  by  suction  and  recrystallized  from  boiling 
absolute  alcohol.  In  this  way  beautiful  large  crystals  were  obtained  which 
resembled  fructose  tetra-acetate.  The  yield  was  about  35  g.  or  nearly  60% 
of  the  tetra-acetate  used.  The  new  compound  is  a  stable  substance, 
and  analysis  gives  figures  which  agree  with  a  chloro-tetra-acetyl  hexose. 
Combustion  (with  lead  chromate)  gave  the  following  data. 
Subs.,  0.3123:  COs,  0.5275;  HiO,  0.1417. 
Calc.  for  CJiTCKCiHtOiCl:  C  4583;  H,  5.22.    Found:  C,  46.07;  H,  5.08. 

The  quantitative  estimation  of  acetyl  showed  that  only  very  small 
amounts  of  chlorine  are  split  off  by  alkali  at  o°. 

For  this  estimation  0.250  g.  was  saponified  by  shaking  with  75  cc.  of  0.1  N  sodium 
hydroxide  solution  for  3.5  hours  and  titrated  with  0.1  N  sulfuric  acid  and  phenolph- 
thalein.  The  amount  of  acetic  acid  produced  was  found  to  be  68.3%.  In  a  similar 
experiment  of  4.5  hours  duration  the  value  70.2%  was  found.  The  theoretical  quantity 
of  acetic  acid  in  chloro-tetra-acetyl  hexose  is  65.5%. 

The  neutral  liquid  resulting  from  the  saponification  gave  a  slight  opal- 
escence with  silver  nitrate  solution  and  the  same  liquid  evaporated  to  a 
syrup  gave  a  strong  chlorine  test  with  copper  oxide. 

A  chlorine  determination  in  the  original  substance  gave  the  following 
data. 

Subs.,  0.2083:  AgCl  (Carius),  0.0806. 

Calc.  for  CeH70(CjH,0,)4Cl:  CI,  967.     Found:  9.57. 

The  molecular  weight  was  determined  by  the  lowering  of  the  freezing- 
point  of  benzene. 
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In  2  experiments  1.3115  g.  and  2.6036  g.  of  chloro-tetra-acetyl  hexose  per  100  g.  of 
benzene  gave  the  respective  depressions  0.1900  and  0.3600,  from  which  the  values  345 
and  361  are  calculated  for  the  molecular  weight  in  comparison  with  the  theoretical 
value  367.  The  specific  rotation  was  measured  in  chloroform  solution.  0.9900  g.  of 
twice-recrystallized  substance  was  made  up  to  25  cc.  with  chloroform  and  the  solution 
gave  a  rotation  in  a  one-dcm.  tube  at  20°  with  sodium  light  of  1.79  circular  degrees 
to  the  right;  hence  [a I2,?  =  +45-2.  After  a  third  recrystallization  from  absolute 
alcohol  0.4274  g.  of  substance  produced  a  rotation  of  0.775  circular  degrees  to  the 
right,  hence  [a]2£  =  +45.3*  which  is  taken  as  the  specific  rotation  of  the  pure 
substance. 

The  melting-point  of  the  pure  substance  is  108  °.  It  is  colorless,  odor- 
less, has  no  taste  (or  is  very  slightly  bitter)  and  is  less  soluble  in  the  usual 
solvents  than  the  chloro-tetra-acetyl  fructose  described  before.  Though 
it  is  very  probable  that  this  new  compound  represents  an  isomeric  chloro- 
tetra-acetyl  fructose,  the  one  of  specific  rotation — 160.9  being  the  a- 
and  the  other  of  specific  rotation  +45.3  the  0-form,  only  a  few  experi- 
ments for  confirming  this  view  could  be  performed  on  account  of  lack 
of  time.  The  following  experiment  shows,  however,  that  the  new  com- 
pound is  very  probably  a  fructose  derivative  and  that  no  rearrangement 
of  the  fructose  molecule  has  taken  place.  Seventy  g.  of  crystalline  barium 
hydroxide  (Ba(OH)i  +  8H*0)  was  dissolved  in  one  liter  of  water  on  the 
steam-bath  and  filtered  into  a  bottle  with  a  glass  stopper.  The  solution 
was  cooled  with  ice  to  about  50  and  20  g.  of  the  new  chloro  derivative 
in  powder  form  was  added.  After  1 .5  hours  shaking  the  substance  had 
dissolved.  The  liquid  was  kept  o .  5  hour  longer  in  ice,  was  then  saturated 
with  carbon  dioxide,  filtered,  shaken  with  silver  carbonate  and  again 
filtered.  The  amount  of  sulfuric  acid  necessary  to  precipitate  the  dis- 
solved barium  acetate  was  calculated  to  be  218. 1  cc.  of  N  solution,  since 
this  amount  is  equivalent  to  the  acetic  acid  that  is  obtained  from  4  acetyl 
groups  in  chloro-tetra-acetyl  fructose.  After  filtration  and  concentra- 
tion in  vacuo  the  solution  could  be  filtered  clear,  and  by  carefully  adding 
0.1  N  sulfuric  acid  to  the  filtrate,  it  was  brought  to  the  stage  where  it 
gave  only  a  slight  precipitate  with  sulfuric  acid.  On  evaporating  this 
solution  in  a  vacuum  desiccator  a  yellowish  syrup  was  obtained  which 
became  gradually  light  brown.  It  was  not  possible  to  obtain  crystals 
from  this  syrup.  It  reduced  Fehling's  solution  readily,  contained  chlorine 
and  gave  a  strong  Seliwanojj  reaction  (a  red  color  with  hydrochloric  acid 
and  resorcin)  indicating  the  presence  of  a  ketose. 

o-2394  g«  °f  syrup  was  dissolved  in  25  cc.  of  water  and  polarized  in  a 
one-dcm.  tube,  but  no  rotation  could  be  detected.  One  g.  of  syrup  gave 
with  phenylhydrazine  and  sodium  acetate  about  one  g.  of  osazone.  It  was 
re-crystallized  from  methyl  alcohol,  the  crystals  giving  a  melting-point  of 
1 730.    The  quantity  was  too  small  to  recrystallize  again. 

The  experiments  indicate  that  the  chlorine  is  much  more  strongly  attached 
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in  this  compound  than  in  the  chloro-tetra-acetyl  fructose  which  was  first 
described.1 

Ethylation  of  0-Fructose  Tetra-acetate. 
Twenty  g.  of  powdered  fructose  tetra-acetate,  75  g.  of  freshly  prepared 
silver  oxide  and  128  g.  of  ethyl  iodide  were  heated  to  50 °  in  a  300-cc. 
Erlenmeyer  flask  fitted  with  a  reflux  condenser.  When  the  mixture 
heated  up  to  boiling  by  the  heat  of  the  reaction  it  was  cooled  in  cold  water 
and  the  heating  to  50  °  and  cooling  were  repeated  until  heating  by  the  re- 
action no  longer  took  place.  It  was  boiled  afterwards  for  2  hours  under 
a  reflux  condenser  on  the  water-bath,  the  ethyl  iodide  was  distilled  off 
and  the  residue  extracted  with  ether.  By  evaporation  of  the  ether,  ethyl 
tetra-acetyl  fructose  was  obtained  in  crystalline  form.  Yield,  16  g.  of  a 
nearly  pure  product.    It  was  recrystallized  from  petroleum  ether. 

The  specific  rotation  was  measured  in  a  chloroform  solution.  0.5976  g.  of 
cnce-recrystallized  ethyl  tetra-acetyl  fructose  was  made  up  to  25  cc.  with  chloro- 
form and  the  solution  was  found  to  read  in  a  one-dcm.  tube  at  200  with  sodium 
light  3.00  circular  degrees  to  the  left;  hence  [a]™  —  — 125.5.  After  a  second 
recrystallization  from  petroleum  ether,  0.6016  g.  of  substance  showed  a  rotation  of  3.0 
circular  degrees  to  the  left  in  a  similar  solution;  hence  [a]2£  *»  — 125.6;  and  after  a 
third  recrystallization  from  petroleum  ether  1.9968  g.  of  substance  caused  a  rotation  of 
10.19  circular  degrees  to  the  left;  hence  [a]™  *»  — 127.6,  which  is  taken  as  the  specific 
rotation  of  pure  /5-ethyl  tetra-acetyl  fructose. 

The  substance  melts  at  83  °.  Combustion,  ethoxyl  and  acetyl  deter- 
minations gave  the  following  results. 

Subs.,  0,2705,  0.2253:  CO*  0.5082,  0.4225;  HtO,  0.1548,  0.1280. 

Calc.  for  C^HtO.OCiH4(CiH,Oj)4:  C.  5104;  H,  6.43.  Found:  C,  5124*  51.13;  H, 
6.40,  6.35. 

An  ethoxyl  determination  with  0.2489  g.  of  substance  gave  0.1541  g.  of  silver 
iodide  corresponding  to  11.88%  of  OQH*  group,  whereas  the  theoretical  amount  is 
n  .97%.  For  the  quantitative  estimation  of  the  acetyl  group  the  substance  was 
saponified  by  shaking  0.3000  g.  with  75  cc.  of  0.1  N  sodium  hydroxide  solution  at  o° 
for  one  hour  and  titrating  with  0.1  N  sulfuric  acid,  using  phenolphthalein  as  an  indica- 
tor. The  amount  of  acetic  acid  was  found  to  be  64.05%.  In  a  similar  experiment  of 
2  hours'  duration,  the  value  63.99%  was  found,  and  in  a  third  lasting  2.5  hours,  the 
same  value,  63.99%  was  obtained.  The  theoretical  quantity  for  a  tetra-acetyl  ethyl 
fructose  is  63.83%.    Evidently  the  saponification  is  complete  after  one  hour. 

Preparation  of  0-Ethyl  Fructoside. 
The  method  of  saponification  is  the  same  as  that  described  for  the 
preparation  of  /8-methyl  fructoside.2  The  barium  hydroxide  used  was 
not  pure  and  the  ethyl  fructoside  obtained  was  not  easily  purified,  as  it 
was  hard  to  obtain  ash-free.  It  was  recrystallized  first  from  boiling 
alcohol  and  afterwards  from  water.  In  this  way  an  ash-free  prepara- 
1  If  we  consider  the  theory  of  secondary  valence  it  is  probable  that  in  the  0-com- 
pound  more  chlorine  valence  is  used  for  binding  it  to  the  second  carbon  atom  than  it) 
the  a-compound. 

*  Tins  Journal,  38,  1220  (1916). 
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tion  was  obtained.    The  specific  rotation  was  measured  in  water  solu- 
tion. 

1.0302  g.  of  0-ethyl  fructoside,  recrystaHized  from  boiling  alcohol,  was  made  up 
to  25  oc  with  water.  A  reading  of  6.36  circular  degrees  to  the  left  was  obtained  in  a 
one-dcm.  tube  at  200  with  sodium  light;  hence  [a]"  —  — 154.3.  After  a  further 
crystallization  from  water,  0.7225  g.  of  substance  made  up  in  the  same  manner  produced 
a  rotation  of  4.50  circular  degrees  to  the  left;  hence  [a]2£  —  — 155.7;  and  after  a  further 
recrystallization  from  water  0.4082  g.  of  substance  made  up  in  the  same  manner  gave 
a  rotation  of  2.545  circular  degrees  to  the  left;  hence  [a]2£  =  — 155-3»  This  figure  was 
taken  as  the  specific  rotation  of  pure  £-ethyl  fructoside. 

0-Ethyl  fructoside  melts  at  151  °.  The  crystals  are  colorless,  odorless 
and  have  a  slightly  bitter  taste  or  no  taste  at  all.  The  fructoside  is  easily 
soluble  in  water  and  hot  alcohol.  Its  aqueous  solution  is  not  reduced  by 
boiling  with  Pehling's  solution.  After  hydrolyzing  by  boiling  the  aqueous 
solution  with  a  mineral  acid  and  neutralizing  the  cooled  solution,  it  readily 
reduces  Pehling's  solution  on  boiling.  This  reaction  proves,  in  connec- 
tion with  the  analysis  recorded  below,  that  the  prepared  substance  is  an 
ethyl  fructoside. 

Subs.,  0.2060:  COi,  0.3487;  HsO,  0.1413. 

Calc.  for  &HuOs(OCiHs):  C,  46.12;  H,  7.75.    Pound:  C,  46.16;  H,  767. 

An  ethoxyl  determination  with  0.1669  g.  of  substance  gave  0.1821  g.  of  Agl,  corre- 
sponding to  20.93  of  OCtHft.    Calc,  21.16. 

Preparation  of  0-Tetra-acetyl  Fructose  from  a-Penta-acetyl  Fructose. 

a-Penta-acetyl  fructose  was  prepared  from  0-tetra-acetyl  fructose  by 
the  action  of  zinc  chloride  and  acetic  anhydride,1  but  the  a-penta-acetyl 
fructose  could  not  be  converted  into  the  0-penta-acetyl  fructose.  Re- 
cently, however,  a  method  has  been  found  for  converting  a-penta-acetyl 
fructose  into  0-tetra-acetyl  fructose,  and,  therefore,  with  0-tetra-acetyl 
fructose  as  an  intermediate  product  a-penta-acetyl  fructose  can  be  con- 
verted into  the  /3-form.  5  g.  of  a-penta-acetyl  fructose  was  dissolved  in 
500  cc.  of  hot  water  and  the  solution  was  heated  for  one  hour  in  an  auto- 
clave at  106  °.  The  solution  was  neutralized  and  shaken  out  with  chloro- 
form, the  latter  yielding  on  evaporation  a  crystalline  substance  which  was 
recrystallized  from  ether.  In  this  way  0.28  g.  of  0-tetra-acetyl  fructose 
was  obtained  which  was  identified  by  melting-point  and  specific  rota- 
tion. 
Efforts  to  Prepare  o-Methyl  Fructoside  Using  a  Biochemical  Method. 

Experiments  were  made  to  prepare  the  a-form  of  methyl,  fructoside 

biochemically.    Bourquelot,  Herissey,  Bridel  and  Aubry*  have  prepared 

a-methyl  glucoside  and  a-methyl  galactoside  in  a  pure  crystalline  condition 

in  this  way  by  means  of  bottom  yeast  (brewery  yeast).    As  nothing  was 

found  in  the  literature  regarding  the  application  of  this  method  to  fruc- 

1  Tms  Journal,  37i  2738  (1915). 

•  Compt.  rend.,  156, 168,  491  (1913);  J*  pharm.  chim.,  [7]  9,  225,  and  10, 202  (1914). 
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tose,  according  to  the  prescription  of  Aubry,1  a  macerate  of  bottom  yeast 
was  first  prepared  by  washing  and  drying  brewery  yeast  and  macerating 
this  dry  yeast  for  24  hours  with  10  times  the  amount  of  water.  Using  this 
material,  the  results  of  the  above  investigation  yielding  a-methyl  glucoside 
and  a-methyl  galactoside  were  confirmed. 

To  apply  the  same  procedure  to  fructose  360  g.  of  methyl  alcohol  and 
100  g.  of  fructose  dissolved  in  800  cc.  of  water  wete  mixed  in  a  bottle, 
600  cc.  of  macerate  of  yeast  was  added  and  the  volume  made  up  to  2  liters. 
The  rotation  was  determined  at  the  beginning  of  the  experiment  and 
after  one  and  three  months. 

The  initial  rotation  in  one-dcm.  tube  was  found  to  be  — 4.2;  after  one  month  the 
rotation  was  — 4.1,  and  after  3  months  — 4.1.  As  the  change  of  rotation  in  within  the 
limits  of  error  it  was  concluded  that  bottom  yeast  does  not  act  under  the  conditions  of 
this  experiment. 

Other  Efforts  to  Prepare  o-Methyl  Fructoside. 
In  order  to  obtain  an  equilibrium  mixture  of  a-  and  /3-methyl  fructo- 
sides,  /3-methyl  fructoside  was  treated  with  a  1%  hydrochloric  acid  solu- 
tion in  methyl  alcohol  by  dissolving  in  a  50  cc.  volumetric  flask  one  g.  of 
0-methyl  fructoside  in  20  cc.  of  methyl  alcohol,  adding  4.2  cc.  of  3.32  N 
hydrochloric  acid  in  methyl  alcohol  and  filling  up  to  50  cc.  with  methyl 
alcohol.  The  rotation  was  determined  in  circular  degrees  with  a  one-dcm. 
tube.    The  following  negative  rotations  were  obtained. 

After  5  minutes  — 3.10,  0.5  hour;  — 3.03,  1  hour;  — 2.90,  18  hours;  — 1.60,  2  days; 
— 1.32,  4  days;  — 1.10,  6  days;  — 1.02,  8  days;  — 1.02.  At  the  end  of  the  reaction  the 
liquid  had  a  yellowish  color. 

In  a  similar  experiment  in  which  3 . 6%  hydrochloric  acid  was  used  the 
time  in  which  equilibrium  was  reached  was  diminished  to  about  2.5 
days,  and  the  resulting  solution  was  colored  dark  brown.  The  solutions 
were  worked  up  separately  according  to  the  direction  of  Fischer,2  but  no 
crystals  could  be  separated  from  the  resulting  syrups. 

By  subliming  Fischer's  sirupy  mixture  of  methyl  fructosides  in  a  high 
vacuum  (cathode  rays)  a  sublimate  could  be  obtained  in  a  crystalline 
state.  By  its  chemical  behavior  and  by  its  melting-point  (1 20 °)  and  specific 
rotation  ( — 172.00)  it  was  identified  as  /3-methyl  fructoside.  No  other 
crystalline  substance  could  be  separated  by  this  method. 

Washington,  D.  C. 

1  Aubry,  ibid.,  [7]  io,  202  (19 14). 
*Ber.,  28,  1 160  (1895). 
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AROMATIC  MERCURI-ORGANIC  DERIVATIVES. 

By  Morris  S.  Kharasch  and  Jean  P.  Piccard.1 

Received  June  7,  1920. 

Introduction. 
During  the  course  of  investigation  of  mercuri-organic  derivatives  under- 
taken for  the  Sprague  Memorial  Institute,  the  amount  of  data  has  ac- 
cumulated to  such  an  extent  that  it  has  been  deemed  advisable  to  publish 
some  of  the  results  thus  far  obtained.  This  paper  contains  some  pre- 
liminary work  on  the  preparation  of  a  6-membered  atomic  heterocyclic 
compound  which  contains  a  metal  in  place  of  a  non-metal.  In  this  case 
mercury  was  the  metal  experimented  with.  It  was  put  in  place  of  nitro- 
gen in  a  ring  of  the  azine  type.  Work  is  now  being  carried  on  to  substi- 
tute mercury  for  oxygen,  sulfur,  and  nitrogen,  in  the  type  of  rings  illus- 
trated below. 

H 


H 
A  detailed  study  of  the  influence  of  different  groups  on  the  position 
taken  by  mercury  when  introduced  into  a  substituted  benzene  nucleus 
is  also  under  investigation. 

The  theory  of  mercurization  will  be  published  at  a  later  date. 

Experimental. 
The  Preparation  of  w-Bromo-dimethyl-aniline,  m-BrC«H4N(CHj)2. — 
This  compound  was  first  prepared  by  Wurster,2  by  treating  m-bromo-aniline 
with  methyl  iodide  in  a  sealed  tube.  The  method  has  the  disadvantage 
that  large  quantities  of  w-bromo-dimethyl-aniline  cannot  be  made  in  a 
single  operation.  Since  we  were  not  interested  in  obtaining  pure  m-bromo- 
dimethyl-aniline  as  such,  but  a  pure  p -nitroso-w-bromo-dimethyl-aniline, 
the  following  method  was  adopted.  A  quantity  of  w-bromo-aniline 
(75  £•)  was  suspended  in  water  (900  cc.)  and  heated  to  about  8o°.  Sodium 
carbonate  (300  g.)  and  dimethyl  sulfate  (300  g.)  were  then  added  in 
small  portions,  care  being  taken  that  the  solution  was  always  alkaline. 
The  addition  should  take  about  1.5  hours.  After  all  of  the  dimethyl 
sulfate  had  been  added,  the  solution  was  agitated  for  an  hour  and  then 
subjected  to  steam  distillation.  The  oil  which  came  over  was  separated 
1  The  material  presented  here  is  used  by  Morris  S.  Kharasch  in  his  dissertation 
presented  in  part  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy 
in  the  University  of  Chicago. 

*  Wurster,  Ber.,  12,  1818  (1879). 
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from  the  distillate,  the  latter  extracted  twice  with  ether,  and  the  portions 
combined.  The  ether  solution  was  dried  with  sodium  sulfate,  the  ether 
distilled  off,  and  the  oil  distilled  in  vacuo.  A  colorless  oil  came  over  which, 
however,  turned  yellow  on  standing*    Yield,  75  g. 

The  product  thus  obtained  contains  unchanged  m-bromo-aniline, 
m-bromo-monomethyl-aniline  and  m-bromo-dimethyl-aniline.  To  sepa- 
rate these  3  substances,  the  usual  method  was  employed.  The  oil  was 
dissolved  in  2.5  mols.  of  20%  hydrochloric  acid,  the  solution  cooled  to 
o°,  and  the  calculated  amount  of  sodium  nitrite1  dissolved  in  a  little  water 
was  added  in  small  amounts.  The  hydrochloride  of  the  p-nitroso-m- 
bromo-dimethyl-aniline  separated.  The  solution  was  then  extracted 
repeatedly  with  ether  until  a  sample  test  showed  the  absence  of  m-bromo- 
phenyl-methyl-nitrosamine  in  the  latter.1  The  precipitate — the  hydro- 
chloride of  the  p-nitroso-w-bromo-dimethyl-aniline — was  then  filtered 
off  and  dried  in  a  vacuum  desiccator. 

^-Nitro80-m-bromo-dimethyl-aniliney  (CHa)«NC«HaBrNO.— This  com- 
pound was  also  prepared  by  Wurster,  who  gave  its  melting-point  but  no 
analytical  data,  owing  to  the  fact  that  the  compound  decomposed  when 
he  tried  to  bring  it  to  constant  weight  by  drying  it  on  the  water-bath. 
The  compound  is  also  not  recorded  in  Richter's  Lexikon.  It  was  thought, 
therefore,  advisable  to  analyze  it. 

A  quantity  of  the  hydrochloride  of  p-nitroso-m-bromo-dimethyl-aniline 
(5  g«)  was  suspended  in  75  cc.  of  water,  cooled  to  o°,  40  cc.  of  ether  added, 
and  enough  carbonate  to  render  the  solution  decidedly  alkaline.  The 
ether  extract  was  then  separated  from  the  solution,  and  the  latter  ex- 
tracted 3  more  times  with  ether,  50  cc.  being  used  each  time.  The  ether 
extracts  were  combined,  dried  with  sodium  sulfate,  and  */a  of  the  ether 
distilled  off.  The  solution  was  then  transferred  to  an  evaporating  dish 
and  allowed  to  evaporate  spontaneously.  Beautiful  long  green  needles 
were  obtained  which  melted  with  decomposition  at  148  V  For  analysis 
the  base  was  recrystallized  twice  from  very  small  amounts  of  ether. 
Subs.,  0.1082:  AgBr,  0.0886. 
Calc.  for  C»HiiONiBr:  Br,  34.87-    Found:  34.84. 

m  -  Bromo  -  dimethyl  -  p  -  phenylene  -  diamine  Dihydrochloride, 
BrNH2C6H3N(CH,)2.2HCl.— The  hydrochloride  of  p-nitroso-m-bromo-di- 
methyl-anHine  was  reduced  in  the  following  maimer.  Twice  the  cal- 
culated amount  of  stannous  chloride  necessary  for  the  reduction  was  dis- 
solved in  cone,  hydrochloric  acid,  the  solution  diluted  somewhat,  warmed 
to  40  °,  and  the  p-nitroso-m-bromo-dimethyl-aniline  hydrochloride,  mixed 

1  To  avoid  an  excess  of  sodium  nitrite,  the  oil  was  assumed  to  be  pure  m-bromo- 
dimethyl-aniline. 

*  Lieberman's  nitrosamine  test. 

*  Wurster  also  gave  148°  as  the  melting-point  of  the  compound. 
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with  hydrochloric  acid  to  the  consistency  of  a  thick  paste,  added  to  it 
in  small  portions.  The  reduction  was  practically  instantaneous.  The 
complex  tin  salt  of  the  dihydrochloride  of  the  m-bromo-dimethyl-f- 
phenylene-diamine  separated.  Enough  water  was  then  added  to  bring 
it  back  into  solution,  and  the  tin  precipitated  as  stannic  sulfide  from  the 
hot  solution  with  hydrogen  sulfide.  Before  being  filtered  the  solution 
was  diluted  with  an  equal  amouuc  of  water,  warmed  to  80 °,  and  hydrogen 
sulfide  passed  through  it  for  a  half  an  hour  longer.  This  procedure  has 
been  found  very  satisfactory,  requiring  very  little  time  and  precipitating 
the  tin  quantitatively  in  one  operation.  The  water  in  the  filtrate  was 
distilled  off  in  vacuo.  The  dihydrochloride  of  w-bromo-dimethyl-/>- 
phenylene-diamine  remained  behind.  It  was  purified  by  preparation 
of  the  free  base  and  distillation  of  the  latter  in  vacuo.  The  base  was  then 
dissolved  in  ether  and  dry  hydrogen  chloride  passed  into  the  solution. 
The  dihydrochloride  was  precipitated.  It  was  dried  in  a  vacuum  desic- 
cator. 

Subs.,  0.1941 :  16.80  oc  dry  Nt  at  20°  and  726.3  mm. 

Calc  for  CtH*NsBr.2HCl:  N,  9.81.    Found:  9.64. 

m-Bromoniimethyl-p-phenyiene-diamine,  BrN H,C«HjN  (CHs)s.— The 
free  base  was  obtained  by  the  method  previously  outlined.  The  oily 
distillate  solidified  on  cooling  in  white,  almost  colorless,  needles;  m.  p. 
47. 50.  The  free  base  tinned  dark  on  exposure  to  light  and  air.  When 
it  was  dissolved  in  dil.  hydrochloric  acid  and  the  solution  was  saturated 
with  hydrogen  sulfide  and  treated  with  ferric  chloride,  an  intensely  blue 
coloration  was  produced. 

Subs.,  0.2749:  AgBr,  0.2406. 

Calc.  for  CtHuNjBr:  Br,  37.18.    Pound:  37.25. 

o-Dibromo-Bindschedler's  Green. — The  same  method  was  employed 
as  was  used  originally  by  Bindschedler  for  the  preparation  of  Bindsched- 
ler/s  Green.1  To  a  mixture  of  2 .  15  g.  of  m-bromo-dimethyl-p-phenylene- 
diamine  and  2  g.  of  w-bromo-dimethyl-aniline,*  2  g.  of  cone,  hydrochloric 
acid  in  50  cc.  of  water  was  added.  The  solution  was  cooled  to  — 20 
and  oxidized  by  a  solution  of  2  g.  of  potassium  dichromate  and  0.6  g. 
of  glacial  acetic  acid  in  20  cc.  of  water.  The  oxidizing  agent  was  added 
drop  by  drop.  The  flask  was  shaken  continuously  during  the  addition 
of  the  oxidizing  agent.  The  dyestuff  partly  precipitated  out.  Sufficient 
water  was  then  added  to  redissolve  it,  the  solution  heated  to  40-50  °  and 
5  g.  of  zinc  chloride  added  to  it.  It  was  allowed  to  stand  in  ice-water 
for  2  hours  longer  and  the  precipitate  collected  on  a  filter,  washed  with 
a  small  quantity  of  cold  water,  then  with  alcohol,  and  finally  with  ether. 
It  was  dried  in  a  vacuum  desiccator.    A  dark  amorphous  powder  was 

1  Bindschedler,  £*r.,  16,  864  (1883). 

•  Prepared  by  the  method  of  Wurster,  ibid.,  16,  864  (1883). 
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thus  obtained  which  was  slightly  soluble  in  water,  imparting  to  the  latter 
an  intensely  green  color.    The  yield  was  very  good. 

Subs.,  0.3618:  27.40  cc.  dry  Ni  at  24.5  °  and  731  mm. 

Subs.,  0.4860:  ZnO,  0.0382. 

Cak.  for  CttHwNiB^Clj.ZnCl,:  N,  8.25;  Zn,  6.37.    Pound:  N,  8.36;  Zn,  6.31. 

The  analysis  readily  shows  that  in  this  case  also  2  molecules  of  the  dye 
combine  with  one  of  zinc  chloride. 

The  mercuric  chloride  double  salt  was  obtained  by  solution  of  the  zinc 
chloride  double  salt  in  water  at  40-50  °,  and  addition  of  mercuric  chloride. 
The  structure  of  the  compound  thus  obtained  is  expressed  by  the  follow- 
ing formula, 

\cH,),n/^/ ^Br    Br/Ns^\*(CH,)/l 

Subs.,  0.1373:  HgS,  0.0278. 

Calc.  for  CnHwBriClt.HgCh:  Hg,  17.17.    Found:  17.47. 

Work  is  also  under  way  on  the  isolation  of  the  leuco-dibromo-Bind- 
schedler's  Green,  and  the  replacing  in  the  latter  of  the  2  bromine  atoms 
by  mercury  to  give  a  compound  of  the  following  type, 

H 


(CH,),N'     v  Nig'     v     NN(CH«), 

which,  when  oxidized,  would  give  a  representative  of  a  new  class  of  or- 
ganic mercury  derivatives. 

m  -  Bromo  -  phenylmethyl  -  nitrosamine,  m-BrC«H4N(CHsNO). — As 
previously  stated,  the  methylation  of  m-bromo-aniline  by  the  use  of  di- 
methyl sulfate  gave  rise  to  2  derivatives,  the  mono-methyl  and  the  di- 
methyl w-bromo-anilines.  These  2  were  separated  by  the  use  of  sodium 
nitrite  as  given  in  detail  in  the  preparation  of  f-nitroso-m-bromo-dimethyl- 
aniline.  The  ether  extract  of  the  acid  solution  contained  the  w-bromo- 
methylphenyl-nitrosamine.  The  ether  was  distilled  off  and  the  oil  sub- 
jected to  steam  distillation.  The  distillate  was  then  extracted  with 
ether,  the  solution  dried  with  sodium  sulfate,  and  the  ether  distilled  off. 
When  the  sides  of  the  crystallizing  dish  were  cooled  and  scratched  the  oil 
solidified  in  feathery  clusters  of  fine  yellowish  needles;  m.  p.,  49 °.  Yield, 
iog. 

Subs.,  0.2049:  AgBr,  0.1782. 

Calc.  for  C7H7ONiBr:  Br,  37.17.    Found:  Br,  3701. 

The  compound  gives  the  characteristic  Lieberman's  nitroso-amine  re- 
action and  in  the  pure  condition  is  very  stable. 
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/>-Nitroso-m-bromo-monomethylaniliney  BrNOC«H,NHCHs.  —  The 
m-bromo-methylphenyl-nitrosamine  was  rearranged  according  to  the 
method  of  Fisher  and  Hepp.1  The  nitrosamine  (4  g.)  was  dissolved  in 
ether  (8  g.)  and  alcohol  (16  g.),  saturated  with  hydrogen  chloride  at  io°, 
added.  A  red  coloration  was  produced  after  the  addition  of  the  alcohol. 
It  took  fully  2  days  for  the  reaction  to  go  to  completion.  A  beautiful 
pink  compound  was  obtained.  This  compound,  the  hydrochloride  of 
p-nitroso-w-bromo-monomethyl-aniline,  is  very  stable,  much  more  so 
than  the  hydrochloride  of  the  dimethyl-aniline  derivative.  It  was  kept 
3  weeks  in  an  open  dish  without  changing  color.  Its  melting-point  was 
not  sharp.  At  140 °  it  turned  yellow,  and  at  1680  melted  with  apparent 
decomposition.  It  hydrolyzed  immediately  to  give  the  free  base  on  sus- 
pension in  water.  The  free  base  was  isolated  and  purified  by  the  same 
method  as  that  given  for  p-nitroso-ro-bromo-dimethyl-aniline. 

Subs.,  0.1055:  12.H  oc.  dry  Nt  at  20  and  736  mm. 
Cafe,  for  C7H70NtBr:  N,  13.06.    Pound:  12.95. 

The  free  base  is  green.  It  has  no  definite  melting-point.  It  turns  dark 
at  100  °  and  explodes  at  1240.  An  ether  solution  of  the  base  is  yellowish- 
green  in  thin  layers  and  green  in  thick. 

f  -  Nitroso  -  phenol  -  0  -  mercuric  -  chloride,  HOC6H,(4)NO(2)HgCl  — 
Three  g.  of  0-phenol-mercuric  chloride  was  gradually  added  to  a  solution 
of  0.42  g.  of  sodium  hydroxide  and  0.86  g.  of  sodium  nitrite  in  23  cc.  of 
water.  The  solution  was  warmed  to  30-40  °  and  a  few  drops  of  2  molar 
sodium  hydroxide  solution  added  to  it  until  all  of  the  o-phenol-mercuric- 
chloride  had  gone  into  solution.  When  finely  powdered,  it  goes  into  solu- 
tion rapidly  in  the  given  amount  of  sodium  hydroxide.2  It  was  cooled  to 
— 4°  or  — 50  and  2 .3  g.  of  cone,  sulfuric  acid  in  6  cc.  of  water  added  very 
slowly.  The  flask  was  constantly  shaken  during  the  operation.  The 
addition  of  the  acid  should  take  about  45  minutes.  The  solution  first 
turned  pink,  due  to  the  formation  of  the  sodium  salt  of  the  p-nitroso- 
phenol-0-mercuric  chloride,  but  it  grew  darker  and  darker  in  color  as 
more  of  the  acid  was  added.  A  dark-colored  precipitate  was  also  formed. 
After  all  the  acid  had  been  added,  the  solution  was  shaken  for  15  minutes 
longer,  and  allowed  to  stand  in  a  freezing  mixture  for  2  hours  to  complete 
the  precipitation.  The  solution  was  then  filtered  and  the  residue,  after 
being  washed  a  few  times  with  small  amounts  of  cold  water,  dried  in  a 
vacuum  desiccator  over  solid  sodium  hydroxide  and  soda  lime.  A  beauti- 
ful bordeaux-colored  compound  was  thus  obtained  which  can  be  kept 
indefinitely  over  soda  lime  without  decomposition.    It  can  be  recrystallized 

1  Fisher  and  Hepp,  Ber.,  19,  2991  (1886). 

1  It  has  also  been  found  very  advantageous  to  moisten  the  o-phenol-mercuric- 
chloride  with  a  few  drops  of  alcohol.  It  then  dissolves  in  the  alkali  very  readily — for 
very  obvious  reasons. 
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from  xylene  in  which  it  is  slightly  soluble  and  also  from  anisol  from  which 
it  separates  in  very  small  needles  of  a  light  brown  color. 

Subs.,  0.1930:  6.72  cc.  dry  N»  at  22  °  and  732.3  mm. 

Subs.,  0.1352:  AgCl,  0.0547. 

Calc  for  C*H4OjNClHg:  N,  3.92;  CI,  9.92.    Pound:  N,  3.90;  CI,  10.07. 

The  compound,  like  ^-nitroso-phenol,  gives  the  Lieberman's  nitros- 
amine  test.  It  is  partly  soluble  in  ether,  imparting  to  the  latter  an  in- 
tensely green  color.  It  behaves  in  all  respects  except  solubility,  like 
^-nitroso-phenol,  of  which  it  is  a  substituted  derivative  as  noticed  from 
the  method  of  preparation.  The  mercury  in  oriho  position  to  the  hy- 
droxyl  group  in  phenol  is  known  not  to  decrease  the  activity  of  the  para 
hydrogen  atom,  as  illustrated  by  the  fact 'that  it  is  possible  to  couple 
0-phenol-mercuric-chloride  with  diazo  compounds.1 

^Nitroso-aniline-o-mercuric-chloride9  NHiC«Hs(4)NO(2)HgCl— To 
2  g.  of  ^-nitroso-phenol-o-mercuric-chloride,  2 .4  g.  of  ammonium  chloride, 
6.6  g.  of  dry  ammonium  acetate,  and  0.2  g.  of  ammonium  carbonate  were 
added  and  the  mixture  warmed  on  the  water-bath  for  V*  hour  with  vigor- 
ous stirring.1  It  was  then  poured  into  75  cc.  of  cold  water,  and  allowed  to 
stand  V*  hour.  A  slightly  brown  amorphous  precipitate  was  obtained. 
It  was  filtered  off,  washed  well  with  cold  water  until  the  washings  gave 
no  test  for  ammonia  to  Nessler's  reagent  and  dried  in  a  vacuum  desic- 
cator over  sodium  hydroxide.  For  purification,  it  was  recrystallized  from 
anisol. 

Subs.,  0.1431,  0.1311:  (1)  9.80  cc.  dry  N»  at  230  and  729.5  mm.,  (2)  8.90  cc.  dry 
Nj  at  190  and  739.5  mm. 

Subs.,  0.1248:  AgCl,  0.0530. 

Subs.,  0.1252:  HgS,  0.0823. 

Calc  for  CAONjClHg:  N,  789;  CI,  998;  Hg,  56.31.    Found:  N,  753;  CI, 
10.18;  Hg,  56.57. 

The  compound  is  slightly  soluble  in  benzene  and  ether,  coloring  both 
green.    An  alcohol  solution  is  reddish-yellow. 

In  the  preparation  of  the  above  compound,  smaller  or  larger  quantities 
of  the  p -nitroso-phenol-o-mercuric-chloride  sometimes  remain  unchanged. 
So  it  is  always  advisable  to  test  the  p-nitroso-aniline^-mercuric-chloride 
by  the  Lieberman's  nitrosoamine  reaction  for  its  presence.  If  the  test  is 
positive,  the  precipitate  must  be  washed  by  decantation  with  a  2  molar 
solution  of  sodium  hydroxide  until  the  washings  are  colorless — the  phenol 
derivative  being  soluble.  It  is  then  washed  free  from  alkali  with  cold  water 
and  dried  in  a  vacuum  desiccator  over  sodium  hydroxide. 

Diphenylamino  -  tetramercuric  -  chloride,  hn/ — ^     ) — HgCl  \  . — Di- 


t9-H't 


HgCl 
1  Dimroth,  Centr,t  1901, 1,  450. 
f  Fisher  and  Hepp,  Ber.,  20,  2475  (1887). 


Digitized  by 


Google 


AROMATIC  MKRCURI-ORGANIC  DERIVATIVBS.  l86l 

phenylamine  (6.5  g.)  was  heated  with  mercuric  chloride  (2.7  g.)  until  the 
latter  seemed  to  go  into  solution.  A  crackling  noise  was  heard  and  the  reac- 
tion went  on  of  its  own  accord  with  the  evolution  of  heat.  The  solution 
was  first  yellow,  then  brown,  and  finally  dark  brown.  It  was  then  poured 
into  glacial  acetic  acid  and  boiled.  The  acid  was  decanted.  The  washing 
with  glacial  acetic  acid  was  continued  until  the  decanted  liquid  poured 
into  water  gave  no  precipitate,  indicating  that  the  product  was  free  from 
diphenylamine.  The  filtrate  was  tested  for  mercuric  chloride  until  the 
precipitate  was  washed  free  from  it.  A  light  yellow  amorphous  compound 
was  thus  obtained  as  a  residue  which,  after  being  boiled  with  alcohol, 
was  dried  in  a  vacuum  desiccator. 

Subs.,  0.8889:  10.20  cc.  of  Nj  at  21  °  and  734.2  mm. 

Subs.,  0.1940:  AgCl,  0.1012. 

Subs.,  0.1699:  HgS,  0.1426. 

Calc  for  CuH7NCl4Hgi:  N,  1.26;  CI,  12.81;  Hg,  72.26.  Pound:  N,  1.28;  CI, 
12.98;  Hg,  72.10. 

The  compound  is  insoluble  in  all  organic  solvents.  It  does  not  melt 
when  heated  to  260  °.  When  boiled  with  pyridine,  it  seems  to  undergo 
decomposition.  This  is  probably  a  ring  formation  as  large  quantities  of 
mercuric  chloride  are  found  in  the  pyridine.  It  is  being  investigated. 
Prom  consideration  of  analogous  cases  the  positions  taken  by  the  mer- 
cury are  most  likely  para  and  ortho  to  the  nitrogen.  Thus,  />-toluidine 
yields  a  mono-substitued  derivative  when  treated  with  mercuric  acetate 
or  chloride,  0-toluidine  a  di-substituted  derivative,  and  m-toluidine  a 
tri-substituted  derivative.  In  these  compounds  mercury  occupies  the 
positions,  relative  to  the  nitrogen,  p9  p-o,  p-o-ot  respectively.  Further- 
more, the  literature  is  abundant  with  instances  of  similar  substitutions. 
In  no  case,  however,  has  a  mercury  compound  been  prepared  in  which 
mercury  would  occupy  a  position  tneta  to  an  amino  nitrogen.  We  feel, 
therefore,  in  some  way  justified  in  assigning  the  above  structure  to  the 
diphenylamine  derivative. 


3»3'-Mercuri-mercazine> 
H 

-N- 


c 


2HaO        or 

XHg/s 

To  5  g.  of  diphenylamine-tetramercuric-chloride  in  60  cc.  of  alcohol  was 
added  10  g.  of  sodium  thiosulfate  in  a  little  water.  The  precipitate 
turned  dark  immediately.  The  solution  was  warmed  to  700  and  kept 
at  that  temperature  for  15  minutes,  the  whole  being  shaken  during  the 
operation.  Sufficient  water  was  then  added  to  get  a  homogeneous  solu- 
tion, the  solution  boiled  a  few  minutes  rod  th$n  filtered-    The  precipi- 
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tate  was  washed  with  alcohol  and  then  with  ether,  dried  and  then  ana- 
lyzed. 

Subs.,  0.1949:  4.60  cc.  of  dry  Ns  at  21  °  and  730.2  mm. 

Subs.,  0.1478:  HgS,  0.1 142. 

Subs.,  0.3082:  COi,  0.2739;  HjO,  2.09. 

Subs.,  0.2133:  AgCl,  0.0008. 

Calc.  for  CuHnONHgi:  N,  2.33;  C,  23.97;  H,  1.83;  Hg,  66.50.  Pound:  N,  2.53; 
C,  24.22;  H,  2.09;  Hg,  66.60. 

The  compound  is  of  a  gray  color,  resembling  finely  precipitated  metallic 
mercury.  It  is  insoluble  in  all  organic  solvents.  When  heated  to  ioo° 
in  a  vacuum,  mercury  distils  over.  The  substance  is  unstable  when  treated 
with  nitric  acid.  The  product  of  nitration  is  soluble  in  sodium  hydroxide 
with  a  red  coloration. 

The  structural  formula  of  this  compound  is  of  great  interest.  The 
structure  which  suggests  itself  from  the  method  of  preparation  is, 

H 
-N- 


NHi 


1 Hg » 

since  from  the  work  of  Pesci1  on  aniline  mercuri-acetate  and  similar 
compounds  it  is  quite  evident  that  the  sodium  thiosulfate  acts  in  the 
following  way 

ySKt  /NH, 


+  2Na^Oi  — 
HgOC^  \jgOS«0»Na 


0 


x:h, 


,NH,        yNH, 
Boil  with  HtO 


2NaCH,0* 


-Hg 1 

The  intermediate  compounds  have  been  isolated  by  Pesci.  On  the  other 
hand,  the  para  mercury  bridge  would  give  rise  to  a  10-atom  ring  with 
respect  to  the  nitrogen  which  would  probably  be  extraordinarily  unstable 
and,  therefore,  not  likely  to  form.  Then  again,  there  is  the  possibility 
of  the  formation  of  a  complex  molecule  of  the  type 

H 


\  w./.Aaw^\Aw.,/ 


Hg/,'     ^     NHg^     ^     NHg//« 
1  Pesd,  Gau.  Mm.  ital.,  29, 1, 394  (1899). 
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We  have  not  been  able  so  far,  however,  to  confirm  either  assumption, 
owing  to  the  insolubility  of  the  compound  in  all  solvents. 
f,a,o'-3-Merciuic-chloride-<ii-nitro(??)(iiphenylamine, 

H  yv     /NO, 

-N— \/X 


OiN 


HgCl     HgCl 


/\ 


\ 


flgCl 


To  5  g.  of  diphenylamine-tetramercuric-chloride  20  g.  of  a  mixture  of 
cone,  nitric  acid  (2  parts  sp.  gr.  1 .4),  sulfuric  acid  (1  part),  and  water 
(one  part)  were  added.  It  was  warmed  carefully  for  2  minutes.  The 
nitration  took  place  with  vigor.  When  the  reaction  had  completed  itself, 
the  contents  were  poured  into  water,  boiled,  and  the  solution  filtered. 
The  residue  was  washed  with  alcohol  and  ether  and  dried  in  a  vacuum 
desiccator. 

Subs.,  0.2491,  0.1732:  (1)  10.00  cc.  of  dry  N*  at  200  and  728  mm.;  (2)  6.60  cc.  of 
dry  Ni  at  210  and  740  mm. 

Subs.,  0.2518:  COi,  0.1532;  HtO,  0.0159. 

Subs.,  0.2000:  AgCl,  0.0900. 

Subs.,  0.1320,  0.1831:  (1)  HgS,  0.0954;  (2)  0.1328. 

Cafe,  for  CiiHfOiNiCUHgs:  N,  4.39;  C,  14.93;  H,  0.63;  CI,  11.05;  Hg,  62.24. 
Found:  N,  4.29;  C,  14.72;  H,  0.70;  CI,  11. 13;  Hg,  62.52. 

The  compound  is  of  a  light  brown  color.  It  is  insoluble  in  all  organic 
solvents.  It  is  partly  soluble  in  sodium  hydroxide,  giving  the  solution 
a  red  coloration. 

Mercury-bis-3-di-nitro(?)-mercazine, 


/\/ 


H  /\  /NO,    N(V     /v  H 

N\XX      X\/N 


0*N' 


AA. 


2Hrf). 


NO, 


Starting  with  the  above  nitro  compound,  this  compoimd  was  prepared 
by  the  same  method  as  used  for  3,3/-mercuri-mercazine. 

Subs.,  0.2248:  14.20  cc.  of  dry  N,  at  200  and  738.7  mm. 

Subs. ,  0.1384:  CO*  0.1218;  H. 

Subs.,  0.1 101:  HgS,  0.0642. 

Cak.  for  Ct4HioOioNtHg»:  N,  7.09;  C,  24.24;  H,  1.52;  Hg,  50.54.  Found:  N, 
7.16;  C,  24.01;  H,  1.98;  Hg,  50.26. 

The  compound  is  of  a  light  brown  color.  It  is  insoluble  in  all  organic 
solvents.  When  treated  with  sodium  hydroxide,  it  gives  to  the  latter 
a  light  red  coloration.  It  resembles  the  other  mercazine  derivative  in 
many  respects.  When  heated  in  a  vacuum  to  ioo°,  it  loses  mercury. 
Heated  to  540  in  a  vacuum  for  fifteen  minutes,  it  loses  5 .  22%  of  water. 
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Conclusions. 

1.  A  few  methods  have  been  outlined  for  the  preparation  of  a  6- 
atom  heterocyclic  ring  containing  mercury  in  place  of  a  non-metal. 

2.  The  preparations  of  a  number  of  new  derivatives  of  w-bromo-dimethyl- 
aniline,  m-bromo-monomethyl-aniline  Bindshedler's  green,  mercury  de- 
rivatives of  nitroso-phenol,  nitroso-aniline,  phenylamine  and  nitro- 
diphenylamine  have  been  described.  These  compounds  were  obtained 
as  a  result  of  carrying  out  the  above  procedures. 

Work  on  the  problem  is  being  continued. 

Chicago,  Iix. 


[Contribution  from  tkb  Chemical  Laboratory  of  th»  University  of  Michigan.] 

TAUTOMERISM    IN    THE    TRIARYL    CARBINOL    SERIES;    DI- 

PHENYL-4-HYDROXY-1-NAPHTHYL  CARBINOL  AND  DI- 

PHENYL-2-HYDROXY-i-NAPHTHYL  CARBINOL. 

By  M.  Gombbro  and  P.  W.  Sullivan,  Jr. 

Received  June  15,  1920. 

It  has  been  shown  in  previous  papers1  from  this  laboratory  that  £-hy- 
droxy-triphenyl  carbinol  exists  in  2  tautomeric  forms  mutually  converti- 
ble into  each  other,  the  benzenoid  (I)  and  the  quinonoid  (II).  The  former, 
colorless,  is  converted  into  the  latter,  colored,  by  the  agency  of  proper 
solvents,  by  heat,  and  by  ultra-violet  light.  The  quinonoid  tautomer 
loses  water  on  heating,  to  yield  fuchsone  (III).  It  is  obvious  that  the 
(C«H.W        /2— 3\ 

^C_[i  4J-0H  ^  (Ctffc),  - 

HCK         X6      5/ 

oC  ~ ^ "  °  "O-  ° + H>°- 
(id.        an). 

benzenoid  carbinol,  on  heating,  should  also  yield  the  identical  fuchsone, 
through  the  phase  of  temporary  existence  as  the  quinonoid  carbinol. 
Such  is  really  the  case.  Moreover,  the  benzenoid  carbinol  loses  water 
much  more  slowly  than  the  quinonoid  tautomer  does,  a  difference  in  be- 
havior fully  consistant  with  the  constitutions  assigned  to  the  2  carbinols, 
respectively. 

Little  is  known  as  to  how  extensively  this  tendency  to  tautomerization 
is  shared  by  substituted  hydroxy-triaryl  carbinols.  Three  possible  varia- 
tions of  the  occurrence  of  this  phenomenon  suggest  themselves:  first,  as 
in  the  case  of  p -hydroxy-triphenyl  carbinol  itself,  when  the  benzenoid  and 
the  quinonoid  carbinol,  as  well  as  the  fuchsone,  all  possess  sufficient  indi- 
vidual stability  to  permit  the  isolation  of  each  in  the  solid  state;  second, 
when  the  equilibrium  between  the  2  carbinols  is  preeminently  in  favor 
1  This  Journal,  35i  *°35  O913);  37?  2575  (1915). 
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of  the  benzenoid  tautomer;  the  conversion  of  that  into  quinonoid  requires 
then  such  energetic  means  that  the  reaction  proceeds  further  and  the  fuch- 
sone  is  produced;  third,  the  equilibrium  is  largely  or  completely  in  favor 
of  the  quinonoid  carbinol;  in  such  cases  it  becomes  impossible  to  isolate 
the  colorless  carbinol,  and  the  colored  carbinol  obtainable  consists  either 
wholly  of  the  quinonoid  tautomer  or  of  that  with  some  slight  admixture 
of  the  benzenoid. 

A  knowledge  of  the. factors  that  influence  or  determine  in  a  particular 
carbinol  the  occurrence  of  the  one  or  the  other  of  these  3  possible  tauto- 
meric relationships  should  be  of  considerable  interest,  as  this  is  intimately 
connected  with  the  question  of  color-production  in  the  triphenylm?thane 
compounds,  and  also,  in  view  of  the  contemporary  discussion  as  to  the 
"quinoncarbonium  or  oxonium"  constitution  of  many  dyes.1 

At  the  present  time  our  knowledge  in  this  respect  is  very  limited.  It 
has  been  shown  by  Gomberg  and  Van  Stone2  that  any  of  the  groups 
CH»,  OCH3,  Br,  CI,  in  positions  3,  or  3  and  5,  in  the  hydroxylated  nucleus 
(see  Formula  I),  does  not  interfere  with  the  stable  existence  of  each  of 
the  2  carbinols  and  fuchsone.  On  the  other  hand,  even  one  NO*  group 
in  the  same  position  prevents  the  stable  occurrence  of  the  quinonoid  car- 
binol. The  same  is  true,  as  has  recently  been  found  by  P.  Demont,1 
when  the  groups  CHs  and  NO*,  Br  and  NOf,  or  COOH  and  CH3,  are  pres- 
ent in  positions  3  and  5.  Again,  if  the  groups  CHa  or  OCHj  are  present  in 
position  2,  i.  e.,  meta  instead  of  ortko  to  the  p-hydroxy  groups,  they  have 
been  found  to  impede  tautomerization  to  such  an  extent  that  only  the 
benzenoid  carbinol  and  the  fuchsone  can  be  isolated.4 

Thus,  there  are  at  present  a  number  of  hydroxy-triaryl  carbinols  on  record 
of  which  all  of  the  3  components  that  constitute  the  tautomeric  equilibrium 
are  known;  a  still  larger  number  are  on  record  of  which  the  stable  exist- 
ence of  only  2  components  is  definitely  established,  a  colorless  carbinol 
and  the  fuchsone.  But,  strangely,  there  are  no  instances  described  in 
which  the  third  possible  variation  has  been  observed;  namely,  the  stable 
existence  of  a  colored  carbinol  and  the  corresponding  fuchsone.  And 
yet  the  number  of  fuchsones  described  in  the  literature  is  quite  extensive, 
although  their  formation  has  always  been  unforeseen  since,  in  each  case, 
the  corresponding  carbinol  was  sought.  Bearing  in  mind  the  possible 
existence  of  a  colored,  in  addition  to  the  colorless  tautomeric  carbinol,  it 
appeared  to  us  probable  that,  in  many  instances,  the  existence  of  the  colored 
carbinol  had  been  overlooked;  that,  probably,  the  quinonoid   carbinol, 

1  Diethey,  Ber.,  53i  261  (1920). 

*  Gomberg  and  Van  Stone,  Tms  Journal,  38,  1577  (1916). 

•  Demont,  Dissertation,  "Synthese  de  quelques  derives  de  la  Parafuchsone,  Fri- 
bourg,"  (Suisse)  1929. 

«  Tms  Journal,  39, 1674  (1917). 
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and  not  the  fuchsone,  was  the  first  product  of  the  reaction.  When  such 
a  carbinol  is  dried  for  the  purpose  of  analysis,  or  recrystallized  from  such 
solvents  as  benzene,  acetic  acid,  etc.,  anhydrolysis  would  naturally  take 
place  and  the  carbinol  would  change  to  the  fuchsone  without  becoming 
appreciably  more  intense  in  color. 

With  this  idea  in  view,  we  subjected  p-naphthofuchsone  (VI)  and  0-1- 
naphthofuchsone-2-  (IX)  to  a  careful  examination.  Our  surmise  was 
verified;  carbinols  corresponding  to  these  fuchsones  were  isolated,  in  the 
first  case  the  quinonoid  and  in  the  second,  the  benzenoid  tautomer  only. 

[Bz.  Carbinol]  ^±  (C«H*)*C  =*<f      J><f       —  (C«H*),C  - !  1  4[  -  O  4-  H,0 

(IV).  (V).        ^— / 


-0= 


(C«H4)jC=<         y  ^    [quin.  carbinol] 

I 
OH< 

(VII).  (VIII).  (IX). 

The  statement  that,  in  the  case  of  the  p-naphthofuchsone,  only  the 
quinonoid  carbinol  was  obtained  requires  a  modification.  A  definite 
answer  to  the  question  whether  in  a  given  instance  both  tautomeric 
carbinols  exist  is  readily  had,  when  the  two  tautomers  happen  to  be  clearly 
differentiated  by  the  presence  and  absence  of  color,  respectively,  or  by  a 
distinct  difference  in  the  melting  points,  or  by  both.  Equally  definite 
is  the  answer  in  such  cases  when  only  the  benzenoid  carbinol  is  obtainable. 
But,  on  the  other  hand,  when  apparently  only  one  carbinol  is  obtainable 
and  that  one  possesses  color,  and  is  amorphous — as  is  usually  the  case — 
then  it  becomes  difficult  to  give  an  unequivocal  answer  as  to  whether  the 
substance  under  examination  is  the  quinonoid  carbinol  alone  or  whether 
it  contains  an  admixture  of  some  of  the  benzenoid. 

Occasionally1  it  may  prove  to  be  possible  to  establish  the  presence  of 
some  benzenoid  tautomer  in  the  colored  substance  when  the  latter  is 
precipitated  in  part  from  an  alkaline  solution  and  in  part  from  an  acid 
solution.  If  the  2  samples,  apparently  alike  in  intensity  of  color,  lose 
water  at  different  rates,  then  certainly  we  are  dealing  with  mixtures  and 
not  with  a  single  tautomer.  But  when  the  2  samples  lose  water  at  equal 
rates,  the  question  is  left  open  .J  If  we  may  venture  to  assume  that  a 
quinonoid  carbinol  possesses  an  intensity  of  color  near  that  of  the  corre- 
sponding fuchsone,  then  from  the  comparison  of  the  2  colored  compounds 
an  inference  might  be  drawn  as  to  whether  the  carbinol  is  wholly  quino- 
1  Qotnberg  and  Todd,  This  Journal,' 39,  2392  (191 7), 


Digitized  by 


Google 


DIPHBNYL-HYDROXY-NAPHTHYI,  CARBINOL.  1 867 

noid  or  whether  it  contains  some  of  the  colorless  tautomer.  Such  a 
comparison  of  the  2  solids  would  give  at  best  only  approximately  correct 
results.  A  comparison  of  their  solutions,  while  more  certain,  is  not  feasi- 
ble, because  the  action  of  the  solvent  may  induce  partial  tautomerization 
in  an  otherwise  homogeneous  carbinol. 

It  is  obvious,  then,  that  when  only  a  colored  carbinol  is  obtainable  it 
often  becomes  difficult,  if  not  impossible,  to  establish  positively  whether 
some  of  the  benzenoid  tautomer  also  is  or  is  not  present.  This  difficulty, 
however,  is  of  no  great  moment  to  our  problem.  With  the  existence  of 
the  colored  carbinol  a  demonstrable  fact,  it  is  clearly  established  that  the 
formation  of  a  fuchsone  is  dependent  invariably  upon  the  previous  tauto- 
merization of  the  benzenoid  to  the  quinonoid  carbinol. 

The  Condensation  of  Benzenone  Chloride  with  a-  and  0-NaphthoL 
— This  subject  has  been  investigated  by  Clough,1  who  prepared  p-naphtho- 
fuchsone  and  0-naphthofuchsone  by  the  condensation  of  a-  and  of  0-naph- 
thol  with  benzophenone  chloride.  In  the  case  of  the  former  fuchsone  he 
obtained  a  yield  of  only  15%,  while  he  does  not  state  the  yield  of  the 
latter.  Bistrzycki*  also  prepared  p-naphthofuchsone  by  the  condensa- 
tion of  benzilic  acid  with  i-hydroxy-2 -naphthoic  acid.  Although  the 
yields  by  this  method  are  satisfactory,  the  method  is  quite  complicated. 
Neither  of  these  observers  isolated  the  carbinols  corresponding  to  these 
fuchsones.  Carbinols  isomeric  with  the  two  just  mentioned  have  been  pre- 
pared. Kaufmann  and  Egner8  and  Preizecker4  prepared  i-hydroxy-2- 
naphthyl-diphenyl  carbinol  and  2-hydroxy-2-naphthyl-diphenyl  carbinol 
by  the  action  of  phenyl-magnesium  bromide  on  the  esters  of  1 -hydroxys- 
naphthoic  acid  and  3-hydroxy-2-naphthoic  acid,  respectively. 

^-Naphthofuchsone  (Formula  VI). — Using  a  slight  modification  of 
the  method  given  by  Gomberg  and  Jickling  for  the  preparation  of  p -hy- 
droxy-triphenyl  carbinol  we  obtained  a  quantitative  yield  of  p -naphtho- 
fuchsone  from  benzophenone  chloride  and  a-naphthol.  Six  g.  of  benzo- 
phenone chloride  and  7 . 5  g.  of  a-naphthol  were  mixed  in  a  flask  protected 
from  moisture  by  a  tube  of  calcium  chloride.  After  the  reaction  mixture 
had  stood  overnight,  it  was  made  slightly  alkaline  with  dil.  sodium 
hydroxide,  decomposed  with  water  and  distilled  with  steam.  The  alka- 
line solution  was  decanted  and  the  insoluble  residue  was  dissolved  in  acetic 
acid,  from  which  the  fuchsone  crystallized  on  the  addition  of  water.  The 
yield  by  this  method  was  7 . 8  g.,  or  100%.  p-Naphthofuchsone  is  colored 
orange-yellow  and  melts  at  1790.  It  gives  a  violet  color  with  sulfuric 
acid. 

1  Clough,  /.  Chem.  Soc.t  89,  771  (1906). 

1  Bistrzycki,  Ber.,  45,  1429  (1912). 

*  Kaufmann  and  Egner,  ibid.,  46,  3779  (191 3). 

4  Preizecker,  Monatsh.,  35,  900  (19 14). 
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3-Bromo-/vnaphthofuchsone. — p-Naphthofuchsone  was  dissolved  in 
glacial  acetic  acid  in  the  proportion  of  i  g.  to  10  cc.  and  the  calculated 
amount  of  a  dil.  solution  of  bromine  in  acetic  acid  was  added.  Gradually, 
bromo-naphthofuchsone  separated  as  reddish-brown  crystals,  which 
melted  at  1760.  Yield,  70%.  The  compound  gives  an  intense  blue 
color  with  sulfuric  acid. 

3-Chloro-p-naphthofuchsone. — In  a  similar  manner,  but  with  the 
substitution  of  chlorine  for  bromine,  chloro-naphthofuchsone  was  ob- 
tained as  a  bright  red  crystalline  substance  melting  at  161  °.  The  color 
produced  with  sulfuric  acid  is  very  similar  to  that  produced  by  bromo- 
naphthfiichsone. 

o-(i)-Naphthofuchsone-(2)  (Formula  IX).— When  0-naphthol  and 
benzophenone  chloride  were  mixed  under  the  conditions  given  for  the 
preparation  of  ^-naphthofuchsone,  condensation  did  not  take  place,  but, 
under  the  influence  of  a  catalyst,  the  reaction  occurred,  with  the  formation 
of  the  fuchsone.  Six  g.  (1  mol.)  of  benzophenone  chloride,  4.4  g  (1.2 
mols.)  of  0-naphthol  and  4.1  g.  (1.2  mols)  of  aluminum  chloride  were 
mixed  in  a  flask  and  50  cc.  of  carbon  disulfide  was  added.  The  reaction 
mixture  was  protected  from  moisture  with  a  tube  of  calcium  chloride, 
and  was  allowed  to  stand  overnight.  Then  it  was  boiled  for  one  hour 
under  a  reflux  condenser,  decomposed  with  ice  and  distilled  with  steam. 
After  the  insoluble  residue  had  been  digested  with  dil.  alkali,  it  was  re- 
crystallized  from  acetic  acid;  this  gave  4  g.  (a  50%  yield)  of  brilliant  orange 
red  crystals  of  o-naphthofuchsone,  melting  at  198 °.  Clough  gives  the 
melting  point  as  1940,  otherwise  our  observations  agree  with  the  proper- 
ties of  this  compound  as  described  by  him.  The  fuchsone  gives  a  green 
color  with  sulfuric  acid. 

Conversion  into  Carbinols. — In  contrast  with  ^-fuchsone  it  was 
found  that  ^-naphthofuchsone  and  0-naphthofuchsone  were  quite  insol- 
uble in  N  alkali  solution.  The  procedure  finally  adopted  to  dissolve 
the  naphthofuchsones  was  to  shake  them  overnight  with  50%  alcoholic 
0.5  N  sodium  hydroxide.  After  solution  was  once  effected  dilution  did 
not  cause  precipitation. 

4-Hydroxy-i-naphthyl-diphenyl  Carbinol. — p-Naphthofuchsone  was 
dissolved  in  alcoholic  sodium  hydroxide  and  the  solution  was  filtered. 
The  clear  liquid  was  diluted  and  stirred  constantly  while  a  solution  of  am- 
monium chloride  was  added.  A  very  voluminous  precipitate  of  the  car- 
binol separated  and  was  filtered  after  a  short  time.  The  carbinol  was 
dried,  but  it  could  not  be  crystallized  because  it  changed  to  the  fuchsone 
in  all  solvents.  The  dried  amorphous  yellow  powder  obtained  by  pre- 
cipitation was  heated  at  1200,  and  the  moisture  evolved  was  collected 
by  passing  it  over  calcium  chloride  and  weighed. 

Calc.  for  HtO  in  C^HuO,:  5.5.    Found:  (1)  5.6;  (a)  5.8;  (3)  6.0;  Av.,  5.8. 
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3-Bromo-4-hydroxy-i-naphthyl-diphenyl  Carbinol. — According  to  the 
procedure    given    above,    3-bromo-4-hydroxy-i-naphthyl-diphenyl    car- 
binol was  obtained  from  bromo-naphthofuchsone  as  a  canary-yellow  pow- 
der.   This  carbinol  also  lost  one  molecule  of  water  when  heated  to  120  ° 
Calc.  for  HjO  in  CaHnQsBr:  4.4.    Found:  (1)  4.3;  (2)  4.2. 

3-Chloro-4-hydrozy-i-naphthyl-diphenyl     Carbinol. — In    the     same 
manner  as  the  preceding,  3-chloro-4-hydroxy-i-naphthyl-diphenyl  car- 
binol was  prepared  from  chloro-naphthofuchsone.    It  resembles  the  bromo- 
carbinol  in  appearance  and,  on  heating,  loses  one  molecule  of  water. 
Calc.  for  H»0  in  CnHirOiCl:  50.    Found:  (1)  4.6;  (2)  4.6. 

All  these  carbinols  give  the  same  colors  with  sulfuric  acid  as  do  the  cor- 
responding fuchsones.  It  was  not  found  possible  to  isolate  the  benzenoid 
and  quinonoid  modifications.  It  is  probable  that  the  carbinols  obtained 
consisted  in  each  case  largely,  if  not  entirely,  of  the  quinonoid  tautomer. 

2-Hydroxy-i-naphthyl-diphenyl  Carbinol. — 2 -Hydroxy- i-naphthyl-di- 
phenyl  carbinol  was  readily  prepared  from  o-naphthofuchsone  in  the  same 
way  that  the  preceding  carbinols  were  prepared  from  their  corresponding 
/>-naphthofuchsones.  It  was  found  that  the  o-hydroxy  carbinol  was  quite 
stable  and  could  be  crystallized  from  benzene  and  petroleum  ether  in 
the  form  of  pure  white  plates,  which  give  off  water  when  heated,  became 
red  and  melted  slightly  below  the  true  melting-point  of  the  fuchsone 
(194 °).  All  efforts  to  convert  this  benzenoid  carbinol  to  the  quinonoid 
tautomer  resulted  in  the  formation  of  the  fuchsone;  even  when  heated 
to  1500  with  water  in  a  sealed  tube  it  suffered  this  change.  Heated  to 
1 20  °  by  itself,  it  becomes  red,  loses  water  and  gives  the  fuchsone  directly. 

Calc.  for  HsO  in  GnHuOi:  5-5-    Found:  (1)  6.3;  (2)  6.6. 

Calc.  for  CaHuOs:  H,  5.52;  C,  84.7.    Found:  H,  5.76,  5.92,  C,  84.9,  85.2. 

The  behavior  of  this  compound  shows  a  distinct  resemblance  to  that 
of  o-hydroxy-triphenyl  carbinol  described  by  Baeyer.1  It  appears  from 
the  comparison  of  oriho  and  ^ara-hydroxy-triphenyl  carbinols  with  ortho- 
and  ^ara-hydroxy-naphthyl-diphenyl  carbinols  that  in  both  cases  the 
ortho  isomer  is  more  stable  than  the  para,  and  that  the  substitution  of 
the  naphthyl  for  the  phenyl  group  decreases  the  stability  of  the  carbinol. 

When  o-naphthofuchsone  was  dissolved  in  alcohol  to  which  a  few  drops 
of  ammonia  had  been  added,  it  was  found  that,  on  standing,  feathery 
white  crystals,  presumably  the  ammonium  salt,  were  formed.  The  same 
substance  is  readily  prepared  from  the  fuchsone  by  shaking  the  latter 
with  alcohol  saturated  with  ammonia.  When  the  salt  is  heated  in  an 
open  tube,  it  is  converted  into  the  fuchsone,  but  when  it  is  heated  in  a 
sealed  melting-point  tube,  it  melts  at  171  °. 

Hydrogen  Chloride  Addition  Compounds  of  the  Naphthofuchsones. — 
p-Fuchsone  readily  absorbs  2  mols.  of  hydrogen  chloride  when  placed  in 
1  Baeyer,  Ann.,  354,  167  (1907). 
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an  atmosphere  of  the  gas,1  Similarly,  when  £-naphthofuchsone  was 
placed  in  a  porcelain  boat  and  dry  hydrogen  chloride  was  passed  over  it, 
the  absorption  of  the  acid  proceeded  rapidly  and  was  complete  in  3  hours; 
the  contents  of  the  boat  acquired  the  appearance  of  a  black  viscous  mass. 
The  absorption  was  somewhat  more  than  that  calculated  for  2  molecules 
of  hydrogen  chloride.  The  boat  was  then  placed  in  a  desiccator  over 
soda  lime,  but  the  loss  in  weight  was  only  slight.  Under  diminished  pressure 
about  Vs  of  the  total  acid  was  lost  in  the  first  24  hours,  and  in  4  to  5 
days  all  the  acid  was  given  up.  0-Naphthofuchsone  also  absorbed  hydro- 
gen chloride,  but  it  did  not  take  up  so  large  an  excess  over  2  molecules. 
It  gave  off  its  acid  in  vacuo  much  more  slowly  than  the  £ara-compound, 
and  23  days  were  required  for  elimination  of  80%  of  the  acid.  It  was 
found  that  chloro-  and  bromo-naphthofuchsones  do  not  form  additive 
compounds  with  hydrogen  chloride. 

Summary. 

1.  Improved  methods  of  preparing  £-naphthofuchsones  and  0-naphtho- 
fuchsones  are  described. 

2.  It  was  found  that  the  fuchsones  can  be  converted  into  their  corre- 
sponding carbinols.  The  ^ara-fuchsone  gives  the  quinonoid  almost  en- 
tirely, while  the  ortho-  changes  to  the  benzenoid  carbinol  exclusively. 

3.  It  was  found  that  the  influence  of  an  hydroxy-naphthyl  group  is 
much  greater  than  that  of  an  hydroxy-phenyl  group.  In  p-hydroxy- 
triphenyl  carbinol,  both  tautomers  are  stable;  in  the  ^-hydroxy-naphthyl- 
diphenyl  carbinol,  the  quinonoid  only  is  stable.  A  similarly  greater 
tautomerizing  tendency  was  observed  when  0-hydroxy-triphenyl  carbinol 
was  compared  with  0-hydroxy-naphthyl-diphenyl  carbinol;  the  former 
does  not  give  the  fuchsone  on  heating,  while  the  latter  does. 

This  investigation  was  done  with  the  assistance  of  The  National  Aniline 
and  Chemical  Company  Fellowship,  and  we  wish  to  express  our  obliga- 
tions for  the  generous  aid  we  have  thus  received. 

Anm  Amor,  Michigan. 

1  This  Journal,  37i  2585  (1915). 
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[Contribution  from  thb  Chemical  Laboratory  of  thb  University  of  Toronto.] 

FRIEDEL  AND  CRAFTS1  REACTION— NITRO-PHTHALIC  ANHY- 
DRIDES AND  ACETYLAMINO-PHTHALIC  ANHYDRIDES 
WITH  BENZENE  AND  ALUMINUM  CHLORIDE. 

By  Walter  A.  Lawraxcb. 

Received  June  16,  1920. 

In  Freidel  and  Crafts'1  synthesis  of  0-benzoylbenzoic  acid,  phthalic 
anhydride  is  heated  with  benzene  and  aluminum  chloride.  This  reaction 
has  been  studied  quantitatively  by  Rubidge  and  Qua,2  who  state  the  con- 
ditions under  which  a  97%  yield  may  be  obtained  and  also  the  conditions 
which  give  a  good  yield  of  diphenyl-phthalide. 

The  object  of  the  present  research  was  to  study  this  reaction  when  the 
2  nitro-phthalic  anhydrides  and  the  2  acetylamino-phthalic  anhydrides 
were  used.  When  a  substituted  phthalic  anhydride  is  treated  with  ben- 
zene and  aluminum  chloride  2  acids  and  2  derivatives  of  diphenyl-phthalide 
are  possible.    For  example, 

O  O 


may  give 


C.H. 


C,H, 


In  most  of  the  reactions  studied  the  yields  of  the  acids  were  poor,  and  in 
only  one  case  was  any  attempt  made  to  alter  the  conditions  of  the  ex- 
'  periment  in  order  to  obtain  the  derivatives  of  diphenyl-phthalide. 

The  literature  on  this  subject  is  confined  to  2  papers  by  Rainer.8  From 
4-nitro-phthalic  anhydride,  this  investigator  obtained  2-benzoyl-4-nitro- 
benzoic  acid  identical  with  that  obtained  by  Kliegl4  from  phenyl-nitro- 
fluoren  and  6-benzoyl-3-nitrobenzoic  acid,  m.  p.  212  °.  Rainer  also  de- 
scribes the  reduction  of  the  latter  acid  to  6-benzoyl-3-aminobenzoic  acid, 
m.  p.  193-40.  The  products  obtained  separately  by  Rainer  and  Kliegl 
are  identical  with  those  obtained  by  the  author  from  4-acetylamino- 
phthalic  anhydride. 

In  this  work,  the  acetylamino-phthalic  anhydrides  were  used  instead 

1  Ann.  Mm.  phys.,  [6]  14,  446  (1888). 

1  Rubidge  and  Qua,  This  Journal,  36,  732  (1914)- 

*  Rainer,  Monatsh.,  29,  178;  29,  431  (1908). 

4  Kliegl,  Ber.,  38,  294  (1905). 
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of  the.  amino  compounds  because  of  the  difficulty  of  preparing  the  amino 
anhydrides  from  the  corresponding  acids  and  also  because  of  the  general 
difficulty  of  using  unprotected  amines  in  the  Friedel  and  Crafts'  reaction. 

Preparation  of  Nitro-phthalic  Acids. — Several  methods  of  preparing 
nitrophthalic  acids  have  been  described.  Beilstein  and  Kurbatow1 
nitrated  naphthalene  and  oxidized  the  product,  Miller1  nitrated  phthalic 
acid  and  May,8  Edinger,4  and  Poupold6  obtained  nitrophthalic  acids  by 
nitration  of  phthalic  anhydride.  Bogert  and  Boroschek,6  using  the  latter 
method,  increased  the  yield  of  3-nitro-phthalic  acid  from  25%  to  38% 
by  renitration.  In  the  method  described  below  larger  quantities  of  the 
mixed  acids  are  used  and  renitration  is  unnecessary.  A  mixture  of  125  g. 
of  nitric  acid  (sp.  gr.  1.5)  and  125  g.  of  sulfuric  acid  (sp.  gr.  1 .834)  was 
cooled  and  put  in  a  2-liter  flask  containing  50  g.  of  phthalic  anhydride. 
The  flask  was  heated  gently  on  a  water-bath  until  the  temperature  reached 
750,  and  then  removed.  Vigorous  nitration  began  at  about  80  °  and  the 
flask  was  kept  at  about  ioo°  for  3  hours,  then  allowed  to  cool,  and  the 
contents  was  poured  into  an  equal  volume  of  water.  After  standing 
overnight  the  precipitated  acids  were  collected  on  a  filter  and  the  3-nitro- 
phthalic  acid  was  obtained  by  recrystallization  of  the  product  from  hot 
water.  The  mother  liquor  was  concentrated  and  4-nitro-phthalic  acid 
extracted  with  ether.  The  4-nitro-phthalic  acid  may  be  purified  by  dis- 
solving it  in  95%  alcohol  and  gradually  adding  benzene  to  the  solution; 
but  the  method  described  by  Bogert  and  Boroschek  was  found  to  give  a 
purer  product.  This  preparation  gave  a  yield  of  42%  of  the  3-nitro- 
phthalic  acid  and  47%  of  the  4-nitro-phthalic  acid. 

Preparation  of  3-Nitro-phthalic  Anhydride. — Bogert  and  Boroschek 
heated  3-nitro-phthalic  acid  for  from  6  to  8  hours  at  235-240 °  and  ob- 
tained the  anhydride  in  good  condition.  Kahn7  gave  2180  as  the  max- 
imum temperature  to  be  used,  but  later8  used  230  °.  Bogert's  experiment, 
repeated,  gave  considerable  tarry  material,  and  the  product  melted  at 
1 62-4  °.  The  method  finally  adopted  was  to  put  the  acid  into  a  small 
flask  and  heat  it  in  an  air-oven  at  215-70  (thermometer  bulb  in  the  melt) 
from  3  to  4  hours.  When  recrystallized  from  glacial  acetic  acid,  the  an- 
hydride had  a  very  pale  yellow-brown  color  and  melted  sharply  at  1640. 
Yield,  about  89%.  Quantitative  determinations  showed  that  at  2150 
the  anhydride  was  slowly  volatilized. 

1  Beilstein  and  Kurbatow,  Ann.,  202,  217  (1880). 
1  Miller,  ibid.,  208,  223  (1881). 

•  May,  Inaug.  Dissertation,  Frieburg,  1880. 

4  Edinger,  /.  prdkt.  Chem.,  [2]  53,  382  (1895). 
1  Poupold,  Inaug.  Dissertation,  Basle,  1897. 

*  Bogert  and  Boroschek,  This  Journal,  23,  743  (1902). 
T  Kahn,  Ber.,  35,  472  (1902). 

8  Ibid.,  35,  3859  (1902). 
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Preparation  of  4-Nitro-phthalic  Anhydride. — A  quantity  of  4-nitro- 
phthalic  acid  was  heated  in  a  small  flask,  in  an  air-oven,  at  165-80,  for 
about  3  hours.  The  product,  when  cooled,  was  at  first  a  brown  gummy 
mass,  but  it  slowly  crystallized  on  standing.  It  was  recrystallized  first 
from  acetyl  chloride  and  then  from  glacial  acetic  acid.  M.  p.,  1140. 
Yield,  80%.    This  anhydride  is  volatile  at  1650. 

Preparation  of  the  Mono-ethyl  Esters  of  3-Nitro-phthalic  Add. — A 
solution  of  3-nitro-phthalic  acid  in  absolute  ethyl  alcohol  was  saturated 
with  hydrogen  chloride  and  boiled  for  one  hour  under  a  reflux  condenser. 
The  ester,  when  recrystallized,  melted  at  1  io°.  This  ester  is  2-carbethoxy- 
3-nitrobenzoic  acid.1 

When  3-nitro-phthalic  anhydride  was  dissolved  in  absolute  ethyl  alco- 
hol and  boiled  for  5  hours,  the  isomeric  ethyl  ester,  6-carbethoxy-2-nitro- 
benzoic  acid,  was  formed.*    M.  p.  156-7  °. 

Preparation  of  3-Acetylamino-phthalic  Anhydride. — As  interest  lay 
only  in  the  acetyl  derivative  of  the  amino-phthalic  anhydride,  it  was  found 
more  convenient  to  prepare  this  compound  directly  from  the  hydrochloride 
of  the  amine.  Bogert  and  Jouard3  obtained  the  hydrochloride  of  3-amino- 
phthalic  acid  by  reduction  of  the  nitro  acid  with  stannous  chloride  and 
recrystallization  of  the  product  from  hot  cone,  hydrochloric  acid. 
They  also  prepared  the  acetyl  derivative  from  the  amine  and  from  the 
hydrochloride  by  using  acetic  anhydride,  but  gave  no  details. 

Forty  g.  of  3-nitrophthalic  acid  was  finely  powdered  and  gradually 
added  to  325  cc.  of  stannous  chloride  solution  (150  g.  of  stannous  chloride, 
250  cc.  of  cone,  hydrochloric  acid  and  50  cc.  water)  while  the  mixture  was 
stirred  thoroughly.  The  temperature  of  the  reducing  solution  was  kept  at 
about  220  and  the  acid  went  slowly  into  solution.  A  short  time  after 
complete  solution  was  affected  the  hydrochloride  was  precipitated  slowly 
as  a  white  voluminous  substance.  After  several  hours  the  precipitate 
was  collected  and  the  filtrate  saturated  with  hydrogen  chloride,  which 
produced  more  of  the  precipitate.  The  product  was  recrystallized  from 
hot  cone,  hydrochloric  acid  and  dried,  in  vacuo,  over  both  sulfuric  acid 
and  sodium  hydroxide.  Miller4  states  that  he  obtained  a  double  tin  salt 
by  reduction  of  3-nitro-phthalic  acid  with  stannous  chloride  and  based  his 
formula  on  a  chlorine  determination;  later6  he  modified  this  to  conform 
with  additional  analyses.  Bogert  and  Jouard  state  that  they  found  no 
trace  of  a  double  salt.  In  one  of  our  preparations  this  double  salt  was  ob- 
tained, and  investigation  showed  that  the  temperature  was  the  controlling 

1  Ann.,  208,  223  (1SS1). 

*  This  Journal,  23,  746  (1901). 

*  Bogert  and  Jouard,  ibid.,  31, 485  (1909). 
4  Miller,  Ber.,  xxy  994  (1878). 

1  Ann.,  2081  223  (1881). 
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factor;  at  about  22  °,  no  tin  salt  was  obtained,  but  when  the  reducing  solu- 
tion was  allowed  to  become  hot  (sometimes  75  °  was  reached)  the  double 
salt  was  found. 

Twenty  g.  of  the  dry  hydrochloride  was  dissolved  in  80  cc.  of  acetic 
anhydride  and  boiled  for  5  minutes.  The  acetylamino-phthalic  anhy- 
dride crystallized  when  the  solution  was  cooled,  and  was  recrystallized 
from  alcohol.  M.  p.  185-60.  Yield,  55%,  calculated  from  the  nitro 
compound. 

Preparation  of  4-Acetylamino-phthalic  Anhydride. — The  direct  re- 
duction of  4-nitro-phthalic  acid  with  stannous  chloride  gives  a  double 
tin  salt.  When  tin  is  precipitated  by  hydrogen  sulfide  this  compound  is 
converted  into  aminobenzoic  acid  with  loss  of  carbon  dioxide.  Several 
indirect  methods  of  preparing  the  amino  acid  have  been  proposed,1  the 
one  used  below  is  that  given  by  Bogert  and  Renshaw.* 

The  acid  ammonium  salt  of  4-nitro-phthalic  acid  was  converted  into 
the  imide  and  the  nitro-imide  reduced  with  stannous  chloride.  The 
amino-phthalimide,  when  boiled  with  ammonia,  gave  the  ammonium 
salt  of  amino-phthalic  acid  from  which  the  free  acid  was  liberated  by 
addition  of  hydrochloric  acid.  The  4-amino-phthalic  acid  was  dissolved 
in  acetic  anhydride,  boiled  for  a  few  minutes,  allowed  to  cool  and  the 
acetylamino-phthalic  anhydride  filtered  off.  The  product,  recrystallized 
from  ethyl  acetate  and  acetyl  chloride,  did  not  have  a  sharp  melting- 
point  (203-60).  The  yield  was  less  than  10%,  calculated  on  the  acid 
ammonium  salt. 

3-Nitrophthalic  Anhydride  with  Benzene  and  Aluminum  Chloride. 

Because  of  the  slight  solubility  of  the  anhydride  in  benzene,  a  larger 
excess  of  this  reagent  was  used.  A  mixture  of  100  cc.  of  benzene  and 
6.5  g.  of  3-nitro-phthalic  anhydride  (finely  powdered)  was  put  in  a  300- 
cc.  flask  attached  to  a  reflux  condenser  and  boiled  for  a  few  minutes  on 
the  water-bath.  After  cooling  the  product,  9.0  g.  of  powdered  aluminum 
chloride  was  added  slowly  while  the  flask  was  shaken  at  intervals.  The 
mixture  darkened  rapidly  and  soon  assumed  a  deep  brown  color.  Then  it 
was  heated  on  the  water-bath  until  hydrogen  chloride  ceased  to  escape, 
which  usually  required  about  4  or  5  hours.  When  the  mixture  became 
cold,  80  cc.  of  10%  hydrochloric  acid  was  added  and  the  excess  of  ben- 
zene was  distilled  with  steam.  The  solution  was  cooled  to  15  °  and  fil- 
tered to  remove  the  black  gummy  mass.  The  filtrate,  evaporated  to  half 
its  volume  and  extracted  twice  with  ether,  gave  3-nitro-phthalic  acid 
equivalent  to  55-60%  of  the  anhydride  used. 

The  black  residue  from  the  reaction  was  thoroughly  agitated  with  a 
warm  5%  solution  of  sodium  hydroxide  and  filtered  from  the  insoluble 

1  Ber.,  34,  4352  (1901);  /.  Chem.  Soc.t  87,  1269  (1905). 
1  Bogert  and  Renshaw,  This  Journal,  30,  1137  (1908). 
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portion.  The  filtrate  contained  the  2  possible  benzoyl-nitrobenzoic  acids 
as  sodium  salts,  from  which  the  free  acids  were  obtained  by  the  addition 
°f  5%  hydrochloric  acid.  The  hydrochloric  acid  was  added  very  slowly 
and  at  intervals  of  several  hours;  otherwise  the  precipitate  was  a  gummy 
mass  which  made  subsequent  operations  difficult.  The  2  constituents 
of  this  precipitate  have  different  solubilities  in  cold  95%  alcohol,  but  the 
separation  by  acetic  acid  was  found  better  than  fractional  crystallization 
from  alcohol. 

Hot  80%  acetic  acid  dissolved  one  of  these  constituents  and  only  a 
trace  of  the  other.  The  acetic  acid  solution  was  filtered  while  hot,  water 
was  added  until  a  faint  cloudiness  appeared,  and  after  the  solution  had 
stood  overnight,  the  precipitate  was  filtered  off  and  dried.  It  softens  at 
1400  and  melts,  with  decomposition,  at  158-61  °.  The  portion  insoluble 
in  acetic  acid  melts  with  decomposition  at  217-21  °. 

Identification  of  the  Portion  Insoluble  in  Acetic  Acid. — Hydrolysis. — The 
finely  divided  substance  was  added  to  molten  potassium  hydroxide  con- 
tained in  a  nickel  dish  and  the  temperature  was  kept  a  few  degrees  above 
the  fusion  point  for  from  one  to  two  hours.  Then  the  mass  was  dissolved 
in  water,  acidified  with  hydrochloric  acid,  washed,  and  kept  in  a  vacuum- 
oven  at  100  °  until  the  residue  had  a  constant  melting-point,  146-80 — 
that  of  o-nitrobenzoic  acid.    The  sublimate  was  benzoic  acid. 

Synthesis. — (A  convenient  method  of  preparation.)  Ten  g.  of  2-carb- 
ethoxy-3-nitrobenzoic  acid  was  dissolved  in  15  cc.  of  thionyl  chloride  and 
kept  at  60-70  °  until  hydrogen  chloride  and  sulfur  dioxide  were  no  longer 
given  off.  The  excess  thionyl  chloride  was  then  removed  by  distillation 
under  reduced  pressure.  The  resulting  acid  chloride  is  a  light  brown 
crystalline  substance,  is  soluble  in  benzene  and  in  ether,  melts  at  76-7  °. 
To  a  solution  of  8.4  g.  of  the  acid  chloride  in  50  cc.  of  benzene,  9  g.  of 
powdered  aluminum  chloride  was  added  slowly.  When  the  initial  reac- 
tion had  ceased,  the  flask  was  heated  on  the  water-bath  until  the  evolu- 
tion of  hydrogen  chloride  ceased.  After  acidification,  the  benzene  was 
distilled  with  steam  and  the  precipitate  saponified  with  alcoholic  potas- 
sium hydroxide.  Water  and  hydrochloric  acid  were  added  which  caused 
the  precipitation  of  a  light  brown  crystalline  substance  that  melted  with 
decomposition  at  220-1  °  and  was  identical  with  the  substance  described 
above  as  insoluble  in  acetic  acid.  Yield,  45%,  calculated  on  the  acid 
chloride  used.1 

This  method  of  synthesis  and  the  products  of  hydrolysis  leave  no  doubt 
that  the  acid  is  6-benzoyl-2-nitrobenzoic  acid. 

Calc.  for  CuHiOfcN:  N,  516.    Found:  510. 

1  Mr.  M.  E.  Smith  is  working  on  the  use  of  ester  acid  chlorides  in  Friedel  and 
Crafts'  reaction,  in  this  laboratory. 
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The  acid  is  soluble  in  alcohol,  acetone,  and  in  pyridine  and  slightly  solu- 
ble in  ether  and  in  benzene. 

Identification  of  the  Portion  Soluble  in  Acetic  Acid. — Hydrolysis. — The 
products  of  hydrolysis  by  potassium  hydroxide  were  m-nitrobenzoic  acid 
and  benzoic  acid. 

Synthesis. — The  acid  was  made  from  6-carbethoxy-2-nitrobenzoic  acid, 
according  to  the  method  described  above.  The  acid  chloride  obtained 
is  a  yellowish  oily  liquid  miscible  with  benzene  and  with  ether.  It  de- 
composes above  ioo°.  The  acid  obtained  melted  with  decomposition 
at  157-60°,  was  identical  with  the  above  portion  soluble  in  acetic  add, 
and  is  2-benzoyl-3-nitrobenzoic  acid.  It  is  very  soluble  in  acetone  and 
slightly  soluble  in  ether,  in  alcohol  and  in  water. 

The  yields  of  benzoyl-nitrobenzoic  acids  obtained  when  3-nitro-phthalic 
anhydride  reacts  with  benzene  and  aluminum  chloride  are  very  low.  From 
6.5  g.  of  the  anhydride  about  3.8  g.  was  recovered  as  3-nitro-phthalic 
acid  and  about  1 .7  g.  of  a  black  resinous  substance  insoluble  in  sodium 
hydroxide  and  also  insoluble  in  the  usual  organic  solvents.  Approxi- 
mately 0.7  g.  of  6-benzoyl-2-nitrobenzoic  acid  and  0.6  g.  of  2 -benzoyl-- 
nitrobenzoic acid  were  obtained.  Various  modifications  were  made  in 
the  method  but  neither  the  use  of  freshly  distilled  aluminum  chloride,  nor 
the  addition  of  carbon  disulfide  as  a  diluent,  nor  an  excess  of  aluminum 
chloride  produced  any  better  yields.  If  heat  was  applied  longer  than  5 
hours  the  resinous  product  increased  and  the  recovered  3-nitro-phthalic 
acid  decreased,  but  the  yield  of  benzoyl-nitrobenzoic  acids  was  not  im- 
proved. 

4-Nitro-phthalic  Anhydride  with  Benzene  and  Aluminum  Chloride. 

The  method  used  was  similar  to  that  described  for  3-nitro-phthalic 
anhydride.  Separation  of  the  2  benzoyl-nitrobenzoic  acids  was  made 
by  the  use  of  methyl  alcohol  as  described  by  Rainer.  One  isomer,  6-ben- 
zoyl-3-nitrobenzoic  acid,  m.  p.  2 12°,  recrystallizes  from  the  methyl  alco- 
hol while  the  more  soluble  isomer,  2-benzoyl-4-nitrobenzoic  acid,  m.  p. 
1 64-5 °,  is  obtained  by  concentrating  the  alcoholic  solution.  With  6.5 
g.  of  4-nitro-phthalic  anhydride  dissolved  in  100  cc.  of  benzene  and  9  g. 
of  aluminum  chloride,  about  0.8  g.  of  6-benzoyl-3-nitrobenzoic  acid  and 
0.5  g.  of  2-benzoyl-4-nitrobenzoic  acid  were  produced  while  50%  of  the 
anhydride  was  recovered  as  4-nitro-phthalic  acid.  The  brown  resinous 
substance,  insoluble  in  sodium  hydroxide,  formed  in  the  reaction,  gave 
positive  test  for  nitrogen  and  left  a  small  ash  on  ignition. 

3-Acetylamino-phthalic  Anhydride  with  Benzene  and  Aluminum 

Chloride. 

A  mixture  of  6.8  g.  of  3-acetylamino-phthalic  anhydride  and  50  cc 
of  benzene  was  placed  in  a  200  cc.  flask  and  boiled  under  a  reflux  con- 
denser for  several  minutes.    This  solution  was' cooled  and  9  g.  aluminum 
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chloride  was  slowly  added  while  the  contents  of  the  flask  was  shaken 
thoroughly  to  prevent  caking.  The  reaction  was  carried  out  on  the  water- 
bath  until  hydrogen  chloride  was  no  longer  evolved,  when  60  cc.  of  10% 
hydrochloric  acid  was  added  and  the  benzene  was  distilled  with  steam. 
The  distillation  with  steam  removes  the  acetyl  radical.  The  precipitate  was 
shaken  with  a  hot  saturated  solution  of  sodium  carbonate  and  filtered  from 
the  brownish  insoluble  material.  Slow  addition  of  5%  hydrochloric  add  to 
the  filtrate  gave  a  crystalline  precipitate  which,  when  recrystallized  from 
ethyl  alcohol,  was  white  and  melted  at  193-40.  Yield,  51%  calculated 
on  the  basis  of  the  3-acetylamino-phthalic  anhydride  used.  The  alcohol 
solution  evaporated  to  dryness  gave  a  small  quantity  of  a  pale  yellow  cryst- 
talline  substance  which  melted  at  1 59-60  °  when  recrystallized  from  water. 

Identification  of  the  Substance  Melting  at  193-4  °- — Hydrolysis. — 
Hydrolysis  with  potassium  hydroxide  was  not  very  successful;  the  only 
product  that  could  be  identified  was  benzoic  add. 

Preparation  by  Reduction  of  the  Nitro  Compound. — To  a  solution  of 
2  g.  of  2-benzoyl-3-nitrobenzoic  add  in  a  small  quantity  of  ammonia,  12 
g.  of  ferrous  sulfate  and  more  ammonia  were  added.  At  first  this  was 
heated  gently  and  then  it  was  boiled  for  a  few  minutes.  Six.  g.  of  char- 
coal was  added  and  it  was  boiled  again  for  a  few  minutes  before  it  was 
filtered.  The  black  predpitate  was  boiled  with  water  for  about  10  min- 
utes. After  the  residue  had  been  removed  the  filtrate  was  boiled  until 
all  free  ammonia  was  expelled;  then  powdered  potassium  alum  was  added, 
and  the  mixture  was  allowed  to  stand  until  it  became  cold.  The  predpi- 
tate formed  was  dried,  boiled  with  95%  alcohol,  and  the  solution  filtered 
hot.  The  crystals  separated  from  the  cold  alcoholic  solution  were  identical 
with  those  obtained  in  the  Friedel  and  Crafts  reaction, 
Calc.  for  CuHnOiN:  N,  5.81.    Found:  s-74. 

This  substance  melting  at  193-40  is,  therefore,  2-benzoyl-3-amino- 
benzoic  acid.  It  is  slightly  soluble  in  water,  in  ether  and  in  benzene, 
and  soluble  in  hot  alcohol. 

Identification  of  the  Substance  Melting  at  159-60°. — As  a  very  small 
quantity  of  this  substance  was  obtained,  it  was  not  possible  to  make  a 
nitrogen  determination.  On  so  small  a  scale,  fusion  with  potassium  hy- 
droxide was  not  successful,  but  the  substance  was  prepared  from  6-ben- 
zoyl-2-nitrobenzoic  add  by  the  method  described  above.  Since  this  add 
is  soluble  in  hot  water,  the  aluminum  hydroxide  was  filtered  from  the  hot 
solution.  Crystals  separated  from  the  cold  solution  gave  a  melting-point 
of  159-60°.  Therefore,  this  pale  yellow  substance  is  6-benzoyl-2-amino- 
benzoic  add.  It  is  insoluble  in  benzene  but  soluble  in  alcohol,  in  ether, 
in  acetone,  and  in  hot  water. 

Identification  of  the  Substance  Insoluble  in  Hot  Sodium  Carbonate 
Solution. — This  brown  material  from  the  Frjcdel  anc}  Crafts  reaction  is 
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very  soluble  in  alcohol,  in  ether  and  in  benzene.  It  was  purified  from  solu- 
tion in  alcohol  to  which  water  was  added  carefully  until  a  slight  turbidity 
appeared;  after  several  hours,  a  few  pale  salmon-colored  crystals  appeared; 
these  melted  at  1300.  Some  hours  later,  an  orange-colored  amorphous 
powder  (m.  p.  86-89  °)  was  obtained  from  the  alcoholic  solution.  Efforts 
to  obtain  a  product  with  a  sharper  melting-point  were  without  success. 

In  this  Friedel  and  Crafts  reaction,  two  diphenylamino-phthalides  might 
be  formed  which  we  may  call  diphenyl-3-amino-phthalide  and  diphenyl- 
6-aminophthalide.  The  experiment  was  repeated  under  conditions  shown 
by  Rubidge  and  Qua  to  be  favorable  to  an  increased  production  of  phthal- 
ides.  Thus,  6.8  g.  of  3-acetylamino-phthalic  anhydride,  50  cc.  of  ben- 
zene and  9  g.  of  aluminum  chloride  were  heated  on  the  water-bath  for  7 
hours;  then  10  cc.  of  acetic  anhydride  was  added  and  the  heating  was 
continued  for  another  7  hours.  The  principal  product  obtained  was  an 
orange-colored  gummy  substance  which,  when  crystallized  from  alco- 
hol, was  identical  with  the  previous  product,  m.  p.  86-9  °.  No  trace  of 
the  substance  melting  at  1300  was  found.  This  compound  is  either  di- 
phenyl-3-amino-phthalide  or  diphenyl-6-amino-phthalide. 
Calc.  for  CtaHuOjN:  N,  4.65.    Found:  447. 

The  yield  of  this  phthalide  was  11%  in  the  original  experiment  and 
31%  when  acetic  anhydride  was  used,  calculated  on  the  basis  of  3-acetyl- 
amino-phthalic anhydride. 

4-Acetylamino-phthalic  Anhydride  with  Benzene  and  Aluminum 

Chloride. 

A  mixture  of  5  g.  of  4-acetylamino-phthaUc  anhydride  (crude)  and  50 
cc.  of  .benzene  was  boiled  for  a  few  minutes,  then  cooled  and  6 .  75  g.  of 
aluminum  chloride  was  added  slowly  while  the  mixture  was  well  shaken. 
The  reaction  was  carried  out  at  80-85  °  until  hydrogen  chloride  was  no 
longer  evolved,  and  the  solution  was  then  allowed  to  cool.  To  this  prod- 
uct 50  cc.  of  10%  hydrochloric  acid  was  added  and  the  excess  of  benzene 
was  distilled  with  steam.  When  cold,  the  residue  was  filtered,  boiled 
with  a  saturated  solution  of  sodium  carbonate  and  the  solution  filtered 
from  the  small  quantity  of  gummy  insoluble  matter.  Hydrochloric  acid 
was  added  slowly  to  the  filtrate  and  a  pale  yellow  precipitate  was  ob- 
tained which,  when  washed  with  ice-water  and  dried,  melted  at  183-40. 
Separation  of  the  2  benzoyl-amino  benzoic  acids  was  accomplished  by 
fractional  crystallization  from  water.  After  3  recrystallizations,  2  frac- 
tions were  isolated,  one  melting  at  193-4 °  and  the  other,  at  i95-6°(with 
decomposition). 

Rainer1  obtained  a  benzoyl-aminobenzoic  acid  by  reduction  of  "o-ben- 
zoyl-w-nitrobenzoic  acid;"  it  melted  at  193-40.    This  is  identical  with 
one  of  the  acids  obtained  from  the  above  reaction  and  is  6-benzoyl-3- 
1  Monatsh.,  29,  431  (1908). 
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aminobenzoic  acid.  Kliegl1  reduced  "o-benzoyl-^-nitrobenzoic  acid" 
(which  he  obtained  from  phenylnitro-fluoren)  and  isolated  a  product 
which  melted  at  1950  with  decomposition.  This  isomeric  compound  is 
2-benzoyl-4-aminobenzoic  acid  and  is  the  other  acid  obtained  by  the 
Preidel  and  Crafts  reaction. 

Summary. 

1.  The  reactions  of  aluminum  chloride  and  benzene  with  3-nitro- 
phthalic  anhydride,  4-nitro-phthalic  anhydride,  3-acetylamino-phthalic 
anhydride  and  4-acetylamino-phthalic  anhydride,  respectively,  have 
been  studied  and  the  2  possible  derivatives  of  benzoylbenzoic  acid  have 
been  obtained  in  each  case. 

2.  In  only  one  reaction  was  a  derivative  of  diphenyl-phthalide  isolated 
and,  in  this  instance,  Rubidge  and  Qua's  method  for  increasing  the  yield 
of  phthalide  gave  good  results. 

3.  Seven  new  compounds  have  been  prepared: 

M.  p. 

6-Benzoyl-2 -nitrobenzene  acid 220-2 1  °  (decomp.) 

2-Benzoyl-3-nitrobenzoic  acid 157-600  (decomp.) 

6-Benzoyl-2-aminobenzoic  acid 159-60° 

2-Benzoyl-3-aminobenzoic  acid 193"4° 

Diphenyl-?-amino-phthalide 86-9  ° 

2-Carbethoxy-3-nitrobenzoyl  chloride 76-7  ° 

6-Carbethoxy-2-nitrobenzoyl  chloride Oil 

4.  Detailed  directions  are  given  for  the  preparation  of  several  of  the 
compounds  used  in  the  experiments  and  an  improved  method  for  the 
preparation  of  the  benzoyl-3-aminobenzoic  acids. 

This  research  was  done  under  the  direction  of  Professor  F.  B.  Allan. 
The  author  held  a  studentship  from  the  Honorary  Advisory  Council 
for  Scientific  and  Industrial  Research. 

Toronto,  Canada. 


[Contribution  from  thb  Chemical  Laboratory  op  the  University  op  Michigan.] 

TAUTOMERISM  IN  THE  TRIARYL-CARBINOLS:  MONO-PARA- 
HYDROXY-DIPHENYL-a-NAPHTHYL  CARBINOL. 

By  M.  Gombbrg  and  N.  A.  Lanos. 

Received  June  17,  1920. 

In  a  preceding  paper2  it  has  been  shown  that  in  the  monohydroxy- 
triaryl  carbinols,  the  naphthyl  nucleus  exerts  a  much  more  pronounced 
tautomerizing  influence  than  does  the  phenyl  nucleus  when  each  carries 
an  hydroxyl  group;  while  ^-hydroxy-triphenyl  carbinol  is  stable  both  in 
its  benzenoid  and  its  quinonoid  modification,  p -hydroxy-naphthyl-diphenyl 
carbinol  (I)  is  not  stable  in  its  benzenoid  form,  but  spontaneously  changes 
1  Ber.,  38,  296  (1905). 
*  Gomberg  and  Sullivan,  This  Journal,  42 ,  1864  (1920). 
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into  the  quinonoid.  We  have  now  prepared  a  carbinol  isomeric  with 
(I),  namely,  mono-p-hydroxy-diphenyl-naphthyl  carbinol  (II),  wherein 
the  hydroxyl  group  is  situated  in  the  phenyl  and  not  in  the  naphthyl 
ring.  We  find  that,  in  spite  of  the  separateness  of  the  hydroxyl  group 
from  the  naphthyl  nucleus,  the  latter  nonetheless  still  exerts  a  noticeably 
greater  favorable  influence  upon  the  quinoidation  of  the  carbinol  than  is 
exerted  by  a  phenyl  nucleus.  The  benzenoid  tautomer  (II)  spontaneously 
changes  into  the  quinonoid  tautomer  (III),  which,  on  heating,  readily  gives 
the  corresponding  fuchsone  (IV). 

The  carbinol,  obtained  under  diverse  circumstances,  is  invariably  col- 
ored and  is  amorphous.  Whether  it  is  entirely  free  from  the  colorless, 
benzenoid,  tautomer  seems  impossible  at  present  to  determine.  Judg- 
ing, however,  from  the  intensity  of  its  color  as  compared  with  that  of  the 
fuchsone,  one  would  infer  that  some  benzenoid  carbinol  must  be  present. 

a).  0H\y  ai). 

aCioH,'  N=/     X)H         Cl0H/  ^=S 

(III).  (IV). 

The  demonstration  of  the  existence  of  the  quinonoid  tautomer  of  p-hy- 
droxy-diphenyl-naphthyl  carbinol  adds  another  instance  in  support  of  the 
generalization  that  the  colored  fuchsones — which  are  the  mother  sub- 
stances of  the  triphenyl-methane  dyes — are  but  the  final  step  in  the  chain 
of  reactions:  benzenoid  carbinol  — ►  quinonoid  carbinol  — ►  fuchsone. 
It  may  yet  prove  possible  to  adduce  direct  experimental  evidence  of 
similar  tautomerization  in  the  formation  of  the  dyes  themselves. 

The  carbinol  under  consideration  has  been  prepared  by  the  condensa- 
tion of  a-naphthyl-phenyl-ketone  chloride  with  phenol.  The  condensa- 
tion was  found  to  proceed  in  the  same  manner  as  described  for  the  con- 
densation of  benzophenone  chloride  with  phenol.1  Here  again,  the  mech- 
anism of  the  reaction  is 

(V).  (VI). 

CtHiv/Cl     (CH.OH)      CH«,         yOCH,    (HC1)      CH,\       sC&<OH(p) 

Cl0H,'     \:i  Cl0H/     \)CJI»  Cl0HT'     \>CtH, 

J(HC1)  J(H,0) 

CtHiy    /CfH4OH(/>)  C,H,vX^H4OH 

CwHt/    xyauoHte)       Cmh/^hot 

(VIII).  (VII). 

1  Gomberg  and  Jickling,  This  Journal,  37,  2575  (191 5). 
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Depending  upon  the  conditions  of  procedure,  the  result  of  the  condensa- 
tion is  the  diphenoxy-compound  (V),  or  the  carbinol  (VII),  or  the  tetra- 
aryl-methane  derivative  (VIII). 

o-Naphthyl  -  phenyl  -  ketone  Chloride,  (C«Hs)(Ci0H7) :  C  :  Clt.— 
a-Naphthyl-phenyl  ketone,  prepared  by  the  method  of  Montague,1  and 
the  calculated  quantity  of  phosphorus  pentachloride,  were  heated  at  ioo° 
until  the  reaction  mixture  was  liquid  and  the  pentachloride  had  gone  into 
solution.  The  phosphorus  oxychloride  was  removed  by  distillation  under 
reduced  pressure  at  a  temperature  of  ioo°,  which  left  the  ketone  chloride 
as  viscous  brown  liquid.  This  was  then  poured  into  low  boiling  petroleum 
ether  and  the  solution  was  boiled  for  a  short  time  with  charcoal  and  fil- 
tered. On  standing,  small  colorless  needles  of  the  ketone  chloride  sepa- 
rated. A  second  crystallization  from  petroleum  ether  yielded  practically 
pure  chloride.  The  yield  was  60%.  On  heating,  the  chloride  begins 
to  soften  at  about  86°  and  melts  at  92  °.  Attempts  to  purify  the  chloride 
by  distillation  under  reduced  pressure  were  not  successful  because  of  its 
decomposition  at  elevated  temperatures. 

Calc.  for  C17H11CI1:  CI,  24.7.    Found:  24.3. 

Phenyl  -  a  -  naphthyl  -  diphenozy  -  methane,  (C*Hft)(CioH7)  :  C  :- 
(O.C«H*)i. — Six  g.  of  phenol  was  dissolved  in  30  cc.  of  dry  benzene  and 
the  solution  heated  to  boiling  under  a  reflux  condenser;  to  this  boiling  solu- 
tion, protected  from  moisture  by  a  calcium  chloride  tube,  7  g.  of  ketone 
chloride,  dissolved  in  30  cc.  of  benzene,  was  added  in  small  portions  dur- 
ing the  course  of  several  hours.  This  solution  was  kept  boiling  until 
hydrogen  chloride  was  no  longer  evolved.  After  the  solution  was  cooled 
ammonia  was  added  to  neutralize  any  hydrogen  chloride  still  in  solution, 
and  the  mixture  was  then  distilled  with  steam  in  order  to  remove  the 
excess  of  phenol.  The  solid  residue  was  digested  with  cold  N  sodium, 
hydroxide  solution,  and  then  boiled  with  a  small  quantity  of  alcohol 
which  removes  the  yellow  color  caused  by  the  presence  of  a  small  amount 
of  the  fuchsone.  Finally,  the  product  was  purified  by  recrystallization 
from  amyi  alcohol,  which  formed  white  crystals  that  melt  at  1 69-70  °. 
The  yield  was  80-85%.  Tta  substance  is  readily  soluble  in  benzene, 
chloroform,  carbon  tetrachloride,  carbon  disulfide,  acetone;  is  fairly  solu- 
ble in  ether,  ethyl  acetate  and  amyl  alcohol,  and  is  slightly  soluble  in 
petroleum  ether  and  in  alcohol.  On  treatment  with  aqueous  solution  of 
acids,  the  diphenoxy  compound  hydrolyzes  to  give  the  ketone  and  phenol. 
When  placed  in  an  atmosphere  of  dry  hydrogen  chloride,  it  is  converted 
into  phenol  and  the  fuchsone  described  below. 

Calc.  for  CstHuOt:  C,  86.53;  H,  5.51.    Found:  C,  86.31;  H,  5.33. 

a  -  Naphthyl  -  phenyl  -  quinomethane,    (C*H6)  (C10H7) :  C  :  C6H4 :  O.— 
Eight  g.  of  ketone  chloride  and  13 . 5  g.  of  phenol  were  placed  in  a  round- 
1  Rec.  trov,  thim.,  a6, 280  (19x7).  >  •    •'•'"   • 
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bottom  flask  and  protected  from  moisture  by  a  tube  of  calcium  chloride. 
The  reaction  was  allowed  to  proceed  for  12  hours  at  room  temperature, 
when  the  mixture  was  heated  to  about  500  for  one  hour.  The  contests 
of  the  flask  were  distilled  with  steam  in  order  to  remove  the  excess  of 
phenol.  This  caused  the  fuchsone  to  remain  as  a  dark  red  viscous  liquid,. 
which  gradually  solidified  on  standing.  On  recrystallization  from  dil. 
alcohol,  yellow  crystals  are  obtained  which  melt  at  169-700.  The  yield 
was  85-90%.  The  fuchsone  is  readily  soluble  in  chloroform,  carbon  tetra- 
chloride, benzene;  is  fairly  soluble  in  alcohol,  acetone,  ethyl  acetate,  and 
only  slightly  soluble  in  petroleum  ether. 

Calc.  for  C»HwO:  C,  89.61;  H,  5.23.    Pound:  C,  89.67;  H,  5.32. 

The  fuchsone  dissolves  in  sulfuric  acid  with  a  deep  red  color.  On  treat* 
ing  the  fuchsone  with  an  aqueous  solution  of  sodium  hydroxide,  it  is  con- 
verted into  the  carbinol  as  described  below. 

44'  -  Dihydroxy  -  triphenyl  -  a  -  naphthyl  Methane,  (CeHi)  (G0H7) :  C- 
(C«H4OH)2. — Four  g.  of  the  ketone  chloride  and  30  g.  of  phenol,  previously 
saturated  with  dry  hydrogen  chloride,  were  heated  at  1  io°  for  24  hours. 
The  contents  of  the  flask  were  protected  from  moisture  by  a  tube  of  cal- 
cium chloride.  After  the  excess  of  phenol  had  been  removed  by  steam 
distillation,  the  semi-solid  residue,  while  still  warm,  was  poured  into 
500  cc.  of  a  5%  sodium  hydroxide  solution  and  thoroughly  stirred  to 
break  up  all  lumps.  After  it  had  stood  for  about  l/«  hour  the  white 
precipitate  was  removed  from  the  alkaline  solution  by  filtration,  and 
washed  with  water.  The  precipitate  was  recrystallized  several  times 
from  glacial  acetic  acid  by  careful  addition  of  water  to  the  hot  solution. 
The  crystals  were  dissolved  in  ether,  and  the  solution  was  boiled  with 
charcoal,  filtered  and  evaporated  to  dryness.  Another  recrystalliza- 
tion of  the  solid  residue  from  acetic  add  gave  white  microscopic  needles, 
which  begin  to  soften  at  206  *  and  melt  with  decomposition  to  a  red  liquid 
at  209-10°  (uncorr.).  The  yield  was  15-20%.  The  compound  is  readily 
soluble  in  ether,  methyl  or  ethyl  alcohols;  is  fairly  soluble  in  chloroform, 
carbon  tetrachloride,  w-xylene,  toluene,  benzene  or  acetic  add;  is  very 
slightly  soluble  in  10%  sodium  hydroxide  solution  and  insoluble  in  petro- 
leum ether.    For  analysis  it  was  dried  one  hour  at  110-50. 

Calc.  for:  Found: 

CttHaOj:  C,  86.53;  H,  5.51    Sample  A— C  88.71;  H,  5^4 

CttHitOs o.5HjO :  C,  88.35 ;  H.  534  C,  S8.82 ;  H,  5.24 

CmHhOjHiO:       C,  90.62;  H,  5-20    Sample  B— C,  88.41;  H,  3.23 

C,  88.74;  H,  506 

Apparently  the  dihydroxy  compound  has  been  produced  first,  but  on 
subsequent  treatment,  in  the  process  of  purification,  it  has  suffered  de- 
hydration. From  the  fact  that  it  is  still  somewhat  soluble  in  sodium 
hydroxide  solution,  it  must  be  concluded  that  the  dehydration  has  oc- 
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curred  between  2  molecules  of  the  tetra-aryl-methane  compound,  and 
not  within  one  molecule  through  the  destruction  of  both  phenolic  hydroxyl 
groups. 

Diphenyl-o-naphthyl  Carbinol,  (HOCrf^XCeHsXQoHT)  :  C.OH.  — 
The  fuchsone  was  dissolved  in  a  small  quantity  of  alcohol  and  then  heated 
to  boiling  with  N  sodium  hydroxide  solution  until  the  color  of  the  solu- 
tion had  changed  from  red-yellow  to  a  very  light  yellow.  This  solution 
was  diluted  with  an  equal  volume  of  water  and  the  carbinol  was  precipi- 
tated as  a  light  yellow  amorphous  material  upon  the  addition  of  a  satura- 
ted solution  of  ammonium  chloride.  Attempts  to  recrystallize  the  car- 
binol from  the  common  organic  solvents  were  not  successful.  The  method 
previously  employed1  for  the  isolation  of  the  colored  and  colorless  tauto- 
mers  of  a  similarly  amorphous  carbinol  was  not  successful  in  this  case, 
because  of  partial  dehydration  of  the  carbinol  to  form  the  fuchsone  when 
it  is  dissolved  in  acetic  acid.  Whether  precipitated  from  an  alkaline 
solution  or  from  acid  solution,  the  carbinol  looks  equally  intense  in  color, 
loses  water  at  about  the  same  rate  and  readily  changes  to  the  fuchsone. 
However,  the  sample  from  dil.  acetic  acid,  presumably  quinonoid,  begins 
to  soften  and  turn  red  at  70  °,  while  the  sample  from  an  alkaline  solution, 
and  presumably  containing  some  benzenoid  carbinol,  begins  to  soften 
and  turn  red  at  870. 

Thus,  it  has  been  demonstrated  that  a  naphthyl  group  exerts  a  stronger 
tautomerizing  influence  than  a  phenyl  group;  also,  that  in  this  case  as  well, 
similarly  to  those  described  in  previous  papers,  the  formation  of  fuchsone 
is  preceded  by  the  intermediate  stage,  namely,  the  formation  of  the 
quinonoid  carbinol. 

Aim  Amok,  Michigan. 
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A  MOSAIC  DISEASE  OF  CABBAGE  AS  REVEALED  BY  ITS 
NITROGEN  CONSTITUENTS.2 

By  S.  L.  Jodtdl 
(With  the  cooperation  of  S.  C.  Moulton  and  K.  S.  Markley.) 

Received  June  23,  1920. 

Introductory. 
It  is  generally  accepted  in  plant  hygiene  that  only  healthy  and  vigor- 
ous plants,  as  a  rule,  yield  maximum  returns.  Hence,  it  goes  without 
saying  that  measures  looking  to  the  amelioration  of  our  cultivated  plants 
will,  of  course,  lead  to  crops  superior  both  in  quality  and  quantity.  This 
object  may  be  attained  by  finding  proper  remedies  for  the  existing  plant 
1  Gomberg  and  Todd,  This  Journal,  39,  2392  (1917). 

1  Presented  before  the  Division  of  Biological  Chemistry  at  the  Chicago  Meeting 
of  the  American  Chemical  Society,  September  6-10,  1920. 
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diseases,  on  the  one  hand,  and  by  selecting  and  breeding  improved  and 
immune  varieties  on  the  other.  However,  the  fact  that  the  development 
of  improved  and  disease-resistant  varieties  through  selection  and  breed- 
ing will  require  very  much  time  and  labor  and  the  further  consideration 
that  a  plant  variety  immune  from  one  disease  is  not  necessarily  immune 
from  other  diseases,  renders  it  advisable,  if  not  imperative,  along  with 
the  cultivation  of  improved  and  immune  varieties,  to  study  plant 
diseases  with  the  object  in  view  of  finding  suitable  means  for  combating 
the  latter. 

Though  its  organs  are  somewhat  modified  as  storage  organs,  the  cab- 
bage plant  (Brassica  oleracea)  has  essentially  the  important  nutritive 
qualities  which  a  leafy  vegetable  possesses.  Thus,  it  compares  favorably 
with  seeds,  roots,  and  tubers  in  regard  to  the  content  of  the  inorganic 
elements,  calcium  and  sodium,1  being  richer  in  the  water-soluble1  vitam- 
ine  B,  and  containing  in  addition  also  the  fat-soluble*  vitamine  A. 
The  culture  of  cabbage  for  sauerkraut  is  too  well  known  to  dwell  here 
upon  this  subject.  At  any  rate,  the  desirable  qualities  of  cabbage  as 
food  naturally  suggest  the  necessity  of  doing  away  with  a  disease  which 
is  marked  by  a  few  symptoms  chief  among  which  is  dwarfing  of  the  af- 
fected plants  and  change  of  their  color.  While  the  leaves  of  normal  cab-, 
bage  plants  have  a  healthy  green  color,  those  of  diseased  plants  show  a 
yellowish,  metallic  color  between  the  veins,  only  the  spaces  nearest  to 
the  veins  being  green.  At  the  same  time  the  affected  leaves  are  brittle, 
their  margins  being  frequently  of  a  uniform  yellow  color.  Coupled  with 
this  is  the  comparatively  poorly  developed  root  system  and  the  stunting 
of  the  diseased  plants,  all  of  which  leads  to  poorer  crops  of  inferior  quality. 
Inasmuch  as  the  cabbage  disease  under  consideration  has  several  symp- 
toms in  common  with  the  spinach  blight  described  in  a  previous4  paper, 
the  idea  suggested  itself  to  apply  to  this  work  the  methods  used  in  the 
spinach  investigation  with  certain  necessary  modifications. 

It  is  a  pleasure  here  to  acknowledge  the  highly  appreciated  help  and  co- 
operation of  the  Office  of  Cotton,  Truck  and  Forage-crop  Disease 
Investigations,  as  well  as  of  the  Virginia  Truck  Experiment  Station. 

Experimental. 
Twelve  perfectly  healthy  cabbage  plants  were  taken  in  April,  191 8, 
from  the  Lambert  farm  at  Ocean  View  Road,  Va.,  to  which  another  dozen 
of  equally  normal  plants6  secured  from  the  Cooper  farm  at  Norfolk,  Va.t 

1  McCollum,  Simmonds  and  Pitz,  /.  Biol.  Chem.,  30,  18  (1917). 

*  Osborne  and  Mendel,  ibid.,  41,  456  (1920). 
•Ibid.,  37,  195  (1919). 

4  Jodidi,  Moulton  and  Markley,  This  Journal,  42, 1061  (1920). 

*  We  owe  our  gratitude  to  Prof.  T.  C.  Johnson,  Director,  Virginia  Truck  Experi- 
ment Station,  for  assistance  in  selecting  the  cabbage  plants. 
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were  added.  At  the  same  time  from  25  to  30  diseased  cabbage  plants 
were  selected  from  the  Lambert  farm.  The  healthy  and  diseased  plants 
were  separately  dried,  first  at  room  temperature  and  finally  in  an  electric 
drying  oven  at  50  °,  to  be  then  powdered,  passed  through  a  40-mesh 
sieve  and  transferred  to  sealed  jars. 

Description  of  Methods. — The  total  nitrogen  was  determined  by 
Kjeldahl's  method  modified  to  include  the  nitrogen  of  nitrates. 

The  ammoniacal  nitrogen  was  estimated  according  to  Grafe's  method 
in  vacuo  as  described  in  a  previous1  paper. 

The  estimation  of  nitric,  nitrous  and  protein  nitrogen  was  carried  out 
essentially  according  to  the  description  given  in  the  last  mentioned 
paper. 

The  proportion  of  acid  amide,  humin,  basic  and  non-basic  nitrogen  was 
determined  according  to  Hausmann's*  method  as  applied  by  one*  of  us 
to  soil  investigations. 

Table  I — Showing  the  Proportion  of  Total  Ammoniacal/  and  Nitrous 
Nitrogen  in  the  Cabbage. 

Ammoniac*!  nitroften. 


Healthy 
cabbage 
material. 

Leaves. 


Total 

nitrogen. 

Oren- 

dried 

cabbage. 


4.91 

4.86 
497 

(Sample  A) 4.85 

4.85 
485 

Leaves 4.70 

(Sample  B) 4.76 

4.7i 

Leaves 4.83 

(Sample  C) 4.82 

475 

Roots 2.46 

2.37 

(Sample  A) 2.27 

2.38 
2.37 

Roots 2.44 

(Sample  B) 2.44 


Ni- 
trite*. 

%. 
0.0 
0.0 


Diseased 
cabbage 
material. 

Leaves 


0.0 


(Sample  A) 


Total 
nitrogen. 
Oven- 
dried 
cabbage. 


372 
373 
3.71 


Nitrites. 

Present 


Oven- 
dried 
cabbage. 

%. 

O.180 
O.180 


Total 
nitro- 


Leaves 
(Sample  B) 


74 
73 
75 
73 


Roots 


(Sample  A) 


Roots 
(Sample  B) 


372 
3.74 
3.7i 


2.22 
2.22 
2.13 
2. 11 
2.25 
2.25 
2.20 
2.19 


Present     0.168    3 


0.171    3 


Soluble 
nitro- 

%. 
551 
551 


49     5.12 


55     5.21 


•  The  proportion  of  ammoniacal  nitrogen  in  the  healthy  cabbage  was  not  estimated 
because  of  lack  of  material. 

1  Jodidi,  Moulton  and  Markley,  This  Journal,  42, 1063  (1920). 

1 Z.  physiol.  Chem.,  37,  95  (1899);  29,  47.  136  (1900). 

•Jodidi,  S.  L.,  This  Journal,  32,  396  (1910);  33,  1226  (191 1);  34.  94  (1912). 
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The  estimation  of  the  amino  acid  portion  in  what  constitutes  the  basic 
and  non-basic  nitrogen,  as  well  as  the  determination  of  the  nitrogen  of 
polypeptides,  was  effected  according  to  the  methods  applied  to  spinach.1 
Inasmuch  as  the  reaction  of  amino  acids  with  formaldehyde  is  reversible 
in  accordance  with  the  equation 

•NHt  Ai:CB* 

R<(  +  CH«0  ^Jt  R^  +  H«0 

XCOOH  XOOH 

Amino  acid.  Methylene  amino  add. 

care  was  taken,  on  carrying  out  the  formol  titration,  to  add  10  more  cc 
of  formaldehyde  in  each  case  to  make  sure  that  the  reaction  from  left  to 
right  was  complete.  The  results  obtained  are  presented  in  Tables  I 
to  IV. 

Table  II— Showing  the  Proportion  op  Nitric  Nitrogen  in  the  Cabbage. 

Nitric  nitrogen.  Nitric  nitrogen. 

Healthy  Soluble      Total      Ovra -dried       Diseased  Soluble       Total  Oven-dried 

cabbage  nitrogen,  nitrogen,    cabbage.  cabbage  nitrogen*   nitrogen,  cabbage. 

material.  %.  %.  %.  material.  %.  %.  %. 

Leaves 12.45      8.48  0.41  Leaves  4.08  2.06  0.08 

( 1  st' sample) 12.45      8.48  0.41  (1st  sample)  3.98  2.01  0.08 

Leaves 12.65      8.62  0.42  Leaves  4.53  2.29  0.09 

(2nd  sample) ... .  12.86      8.76  0.42  (2nd  sample)  4.53  2.29  0.09 

Roots 6.63  0.16  Roots  4.80  0.11 

6.71  0.16               ....  ..  4.76  0.10 


Leaves. 
Roots.. 

Leaves. 
Roots.. 


S.  P.  L.  Sorensen,  Biochem.  £.,  7t  45  (1907)* 


ing  thb  Proportion 

op  Protein  in  the  Cabbage. 

Protein  nitrogen. 

Correspt 

Fresh 
cabbage. 

Hiding  protein. 

Fresh 
cabbage. 

Oven-dried 
cabbage. 

Total 
nitrogen. 

Oven-dried 
cabbage. 

Healthy  Cabbage  Material. 

0.16 

1-44 

29.80 

I. OO 

9.0O 

0.16 

1.43 

29.62 

I. OO 

8.94 

0.16 

1.40 

29.07 

I. OO 

S.75 

0.16 

1.43 

2957 

I. OO 

8.94 

. . 

1. 21 

50.4I 

756 

1.22 

51.09 

7.62 

•  • 

1. 21 

50.4I 

•• 

756 

Diseased  Cabbage  Material. 

0.26 

K.91 

51.16 

I.62 

II.94 

0.26 

1.92 

51.37 

1.62 

I2.00 

0.26 

1. 91 

51.16 

1.63 

II.94 

•  • 

»43 

6303 

•  • 

S.94 

. . 

1-43 

65.IO 

.. 

S94 

•• 

1.42 

64.71 

•• 

S.87 

Kellogg 

and  R.  H.  Trot,  /.  4fr. 

',  <5»  3*5  <W8) 
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Discussion  and  Interpretation  of  Experimental  Data. 

Inspection  of  Table  I  reveals  the  fact  that  under  normal  physiological 
conditions  the  percentage  of  total  nitrogen  in  the  leaves  is  very  much 
higher  than  in  the  roots  (up  to  107%),  whereas  the  difference  in  the  nitro- 
gen content  of  the  diseased  leaves  and  roots,  while  still  high,  is  essentially 
smaller  (about  70%).  A  comparison  of  the  healthy  and  diseased  ma- 
terials shows  that  whereas  the  differences  in  the  nitrogen  content  of  the 
normal  and  diseased  leaves  are  considerable,  ranging  as  they  do  from 
27  to  33%,  the  corresponding  differences  of  the  healthy  and  diseased 
roots  are  comparatively  small  (from  7  to  9%).  As  to  the  nitrites,  they 
were  found  in  the  diseased  materials  only.  Since  the  differences  men- 
tioned hold  true  for  all  of  the  samples  examined,  it  seems  safe  to  state  that 
the  lower  nitrogen  percentage  and  the  nitrite  content  of  the  affected  tissues 
are  characteristic  of  the  cabbage  disease  under  consideration. 

By  referring  to  Table  II,  it  will  be  noticed  that  when  in  health  the 
leaves  have  a  higher  percentage  of  nitric  nitrogen  than  the  roots,  whereas 
under  pathological  conditions  the  reverse  is  the  case.  How  are  these 
facts  to  be  interpreted?  While,  absolutely,  the  percentage  of  nitric  nitro- 
gen in  the  diseased  leaves  and  roots  is  smaller  than  in  the  corresponding 
healthy  tissues,  the  nitrate  ratio  of  the  diseased  roots  to  healthy  roots 
is  relatively  very  much  greater  than  the  nitrate  ratio  of  the  diseased 
leaves  to  healthy  leaves.  This  can  only  be  taken  to  mean  that  loss  of 
nitrates  occurs  in  the  diseased  cabbage,  the  loss  taking  place  in  a  higher 
degree  in  the  leaves  than  it  does  in  the  roots.  The  very  striking  differ- 
ence in  the  nitrate  content  of  all  diseased  tissues,  on  the  one  hand,  and 
the  healthy  on  the  other,  does  not  seem  to  leave  any  doubt  but  that  the 
lower  nitrate  content  of  the  diseased  plants  is  another  characteristic  feature 
of  the  cabbage  disease. 

A  glance  at  Table  III  shows  that  normally  the  cabbage  leaves  are  richer 
in  protein  and  protein  nitrogen  than  the  roots  when  calculated  to  the 
oven-dried  cabbage.  The  apparent  exception  in  the  case  of  the  total 
nitrogen  may  be  explained  by  the  fact  that  the  percentage  of  total  nitro- 
gen is  very  much  higher  in  the  leaves  (Table  I)  to  which  the  protein 
nitrogen  was  calculated.  These  relations  hold  good  also  for  the  diseased 
cabbage.  When,  however,  the  healthy  tissues  are  compared  with  the 
diseased,  it  is  seen  that  the  latter  in  each  and  every  case  have  a  higher 
protein  and  protein  nitrogen  content.  It  is  easy  to  see  why  the  latter  is 
higher  in  the  diseased  plants  than  in  the  healthy  when  calculated  on  the 
total  nitrogen,  which  is  considerably  lower  in  the  diseased  plants  (Table  I). 
Just  why  this  content  is  also  higher  in  the  diseased  tissues  when  related 
to  the  fresh  and  oven-dried  cabbage  needs  further  elucidation  in  view  of 
the  close  relation  of  the  proteins  to  the  life  functions  of  the  plants.    That 
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the  diseased  tissues  have  a  comparatively  higher  protein  content  seems  to 
indicate  clearly  that  no  loss  of  protein  nitrogen  is  caused  by  the  disease. 
This  is  probably  due  to  the  fact  that  proteins,  belonging  practically  to 
the  least  soluble  among  the  nitrogenous  compounds  occurring  in  plants, 
offer  the  least  points  of  attack  by  the  nitrous  acid,  as  was  pointed  out  else- 
where.1 Coupled  with  this  is  the  more  or  less  stunted  condition  of  the 
diseased  plants  in  which,  while  the  proteins  remain  intact,  other  com- 
pounds such  as  nitrates,  acid  amides,  amino  acids,  etc.,  are  destroyed,  at 
least  in  part,  with  the  result  that  the  protein  in  the  diseased  plants  is  cal- 
culated on  a  smaller  quantity  of  tissue.  Another  interpretation  suggests 
itself  from  a  teleological  standpoint.  The  diseased  plants  having  lost  a 
large  portion  of  their  nitrogen  are  making  an  effort  to  make  good  that 
loss.  They  accomplish  it  by  converting  whatever  nitrogen  has  remained 
in  them,  into  the  highest  and  most  useful  form  of  nitrogen,  namely,  into 
proteins. 

By  examining  Table  IV  it  is  evident  that  the  proportion  of  acid  amide, 
basic  and  non-basic  nitrogen  is  higher  in  the  healthy  cabbage  than  in  the 
diseased,  the  only  exception  being  the  percentage  of  non-basic  nitrogen 
when  calculated  to  the  soluble  nitrogen.  This  may  be  ascribed  to  the 
considerably  higher  protein  nitrogen  content  of  the  diseased  plants  (Table 
III),  and  hence  to  their  correspondingly  lower  soluble  nitrogen  content  on 
which  the  non-basic  nitrogen  was  calculated.  Inasmuch  as  the  differ- 
ences noticed  hold  good  for  all  of  the  materials  investigated  it  seems  justi- 
fied to  state  that  a  lower  acid  amide,  basic  and  non-basic  nitrogen  content 
of  the  diseased  tissues  is  also  characteristic  of  the  cabbage  disease. 

As  to  the  peptide  nitrogen,  the  results,  which  are  not  conspicuous  enough 
and  run,  moreover,  in  opposite  directions,  do  not  permit  of  any  definite 
conclusion. 

The  proportion  of  humin  nitrogen  appears  to  be  higher  in  the  diseased 
cabbage  plants  than  in  the  normal  ones.  Since,  however,  in  Hausmann's 
nitrogen  distribution  method  as  applied  here,  the  conditions  of  hydrolysis* 
as  well  as  of  distillation  of  the  hydrolyzed  and  evaporated  cabbage  ex- 
tracts with  magnesium  oxide'  were  identical,  the  amount  of  humin  attribu- 
table to  the  acid  hydrolysis  must  have  been  the  same  in  the  case  of  the 
various  cabbage  tissues,  healthy  and  diseased.  Hence,  the  larger  per- 
centage of  humin  nitrogen  in  the  affected  plants  seems  to  be  also  charac- 
teristic of  the  cabbage  disease  and  may  perhaps  have  something  to  do 
with  the  change  of  color  from  green  to  metallic  in  the  diseased  tissues. 

1  Jodidi,  Moulton  and  Markley,  This  Journal,  42,  1069  (1920). 

1  Ordinarily  the  solutions  obtained  by  repeated  extraction  of  the  cabbage  materials 
with  boiling  hot,  ammonia-free  water  were  treated  with  enough  cone,  hydrochloric  acid 
to  make  a  20%  add  and  boiled  for  10  hours,  using  a  reflux  condenser. 

»  Jodidi,  8.  L.  and  S.  C.  Moulton,  This  Journal,  41,  1526  (1919). 
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Nature  of  th*  Cabbage  Disease. 

Of  plant  diseases  those  which  are  brought  about  by  the  activity  of 
microdrganisms  (bacteria,  fungi)  are  the  best  known.  They  are  firmly 
established  not  only  because  the  organisms  causing  the  disease  have  been 
isolated  from  the  diseased  tissues  and  identified,  but  also  because,  in  a 
great  many  cases,  the  pure  cultures  of  the  organisms  in  question  when 
inoculated  into  healthy  plants  produced  a  disease  identical  with* that  of 
the  affected  plants  from  which  the  pure  cultures  had  been  obtained.  As 
an  example  of  this  type  of  (bacterial)  diseases  of  which  more  than  a  hun- 
dred are  known  it  may  suffice  to  mention  crown  gall  and  cancer  in  plants 
caused  by  Bacterium  tumefaciens  and  now  so  well  known  through  the  re* 
markable  work  of  Smith1  and  his  collaborators.  To  another  type  belong 
the  so-called  virus  diseases  the  cause  of  which  remains  unknown,  since  at- 
tempts to  isolate  microdrganisms  from  and  to  associate  them  with  af- 
fected tissues  thus  far  have  proved  futile.  As  examples  of  this  type  the 
mosaic  disease  of  tobacco2  (Nicotiana  tabacum)  and  spinach3  (Spinacia 
oleracea)  may  be  cited,  in  both  of  which  the  disease  may  be  communicated 
to  normal  plants  by  virus-bearing  aphids  or  by  inoculating  the  infective 
principle  into  healthy  tissues. 

So  far  as  the  cabbage  disease  is  concerned,  it  is  perfectly  true  that 
preliminary  experiments  looking  to  the  establishment  of  its  infective 
nature  have  thus  far  led  to  negative  results.  However,  judging  from  the 
striking  similarity  of  the  analytical  evidence  presented  with  regard  to 
the  various  nitrogenous  compounds  occurring  in  healthy  and  blighted 
spinach  plants,  on  the  one  hand,  and  in  normal  and  diseased  cabbage  plants 
on  the  other,  and  taking  into  consideration  that  spinach  blight  belongs 
to  the  type  of  mosaic  diseases,  it  appears  logical  to  relate  the  cabbage  dis- 
ease caused  by  denitrification  to  the  latter  type.  So  strikingly  similar 
are  the  figures  characteristic  of  diseased  tissues  in  cabbage  and  spinach 
that  it  seems  worth  while  to  arrange  the  data  on  spinach  in  tabular  form 
for  the  sake  of  convenient  comparison  (Table  V).  To  be  sure,  when  we 
compare  Tables  I,  II,  III  and  IV,  on  the  one  side,  and  Table  V  on  the 
other,  we  find  considerable  distinctions,  e.  g.,  in  the  nitrogen  of  nitrates, 
acid  amides,  proteins  present  in  the  cabbage  and  spinach  plants  under 
normal  conditions.  But  the  features  characteristic  of  the  mosaic  disease 
of  spinach,  especially  the  smaller  percentage  of  total,  nitrate,  acid  amide, 
basic  and  non-basic  nitrogen  of  the  affected  tissues  hold  good  also  for  cab- 
bage  in  practically  every  particular. 

1  Erwin  P.  Smith,  /.  Cancer  Research,  1, 231  (1916);  /.  Agr.  Research,  6, 179  (19*6); 
8, 165  (1917);  also  Bur.  Plant  Ind.,  Bull.  213  and  25$. 

*  H.  A.  Allard,  /.  Agr.  Research,  6, 649  (1916);  xo,  615  (1917)* 
'  This  Journai*  42, 1061  (1920);  /.  Agr.  Research,  14, 1  (1918). 
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Summary  and  Conclusions. 

The  cabbage  disease  investigated  is  characterized  by  denitrification 
taking  place  in  the  affected  tissues,  whereby  the  nitrates  are  in  part  re- 
duced to  ammonia  which  is  lost  as  such,  and  in  part  to  nitrites  which, 
reacting  on  the  amino  groups  of  the  various  organic  compounds — acid 
amides,  amino  acids,  etc., — bring  about  the  elimination  of  elementary 
nitrogen.  This  is  the  reason  why  diseased  cabbage  tissues  have  a  smaller 
proportion  of  total,  nitrate,  acid  amide,  di-amino  and  mono-amino  nitro- 
gen, nitrites  occurring  in  diseased  tissues  only. 

Denitrification  occurs  in  affected  cabbage  leaves  in  a  very  much  higher 
degree  than  it  does  in  the  roots.  This  follows  conclusively  from  the  fact 
that  while  the  differences  in  total,  nitrate  nitrogen,  etc.,  of  healthy  and 
diseased  leaves  are  large,  those  of  normal  and  affected  roots  are  consid- 
erably smaller. 

There  is  a  higher  proportion  of  protein  and  protein  nitrogen  in  the  dis- 
eased cabbage  tissues  than  in  the  normal.  This  is  interpreted  to  mean 
that  the  affected  plants  possess  the  ability  of  building  up  proteins  from 
the  lower  nitrogenous  compounds,  and  that  the  protein  nitrogen  is  not 
attacked  by  the  nitrous  acid,  the  protein  and  protein  nitrogen  being  re- 
lated in  the  diseased  plants  to  a  smaller  nitrogen  content  and  a  smaller 
quantity  of  tissue. 

Loss  of  nitrogen  in  the  affected  cabbage  tissues  is  in  itself  an  explana- 
tion of  the  cabbage  disease.  Thus,  e.  g.,  one  of  its  conspicuous  charac- 
teristics, the  dwarfing  of  the  plants,  is  easily  understood  when  we  bear  in 
mind  that  the  nitrogenous  compounds,  such  as  acid  amides,  amino  acids, 
and  others,  which  are  partly  lost  through  denitrification,  are  the  very  ma- 
terials out  of  which  the  plant  is  building  up  its  tissues. 

It  seems  not  out  of  the  question  that  the  change  of  color  from  green  to 
metallic  in  the  diseased  tissues  may  be  due  to  a  larger  proportion  of  humin 
present,  the  lack  of  nitrogen  perhaps  coming  also  into  play. 

In  the  healthy  cabbage  samples  the  nitrogen  is  made  up,  in  round  fig- 
ures, of  30%  protein  nitrogen,  7%  di-amino1  nitrogen,  10%  mono-amino1 
nitrogen,  and  13%  peptide  nitrogen,  which  means  that  at  least  60%  of 
the  nitrogen  compounds  present  in  cabbage  have  direct  nutritive  value. 

Under  normal  conditions  the  cabbage  leaves  have  a  higher  percentage 
of  total  and  nitrate  nitrogen  than  the  roots,  which  was  shown  to  hold 
true  also  for  the  spinach2  plant. 

Wabhoiotoh,  D.  C. 

1  The  cabbage  nitrogen  consists  of  10%  and  16%  of  basic  and  non-basic  nitrogen, 
respectively  (Table  IV),  of  which  63.14%  and  64.23%  were  found  by  formal  titration 
to  represent  diamino  and  mono-amino  nitrogen,  respectively. 

*Loc.cit. 
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[Contribution  from  the  College  of  Pharmacy,  University  of  Michioan.] 

"SOME  OF  THE  IMPORTANT  CONSTITUENTS  OF  DIGITALIS." 

By  William  J.  McGnx. 

Received  June  24,  1920. 

Much  work  has  been  done  in  an  effort  to  determine  the  comparative 
values  of  various  extracts  of  digitalis  obtained  by  the  use  of  different 
solvents,  especially  alcohol  and  hot  and  cold  water,  as  a  direct  result  of 
Kraft's  careful  and  painstaking  research  in  which  he  was  able  to  demon- 
strate the  presence  of  an  exceedingly  labile  water-soluble  substance  in 
the  leaves  of  digitalis.1  Though  this  substance,  which  he  called  "Gitalin," 
was  afterward  shown  by  Kiliani*  to  be  a  mixture  and  not  a  pure  substance, 
the  name  used  by  Kraft  is  still  employed  to  designate  the  water-soluble, 
chloroform-soluble  glucoside  found  in  the  leaves. 

By  purely  pharmacological  methods,  Straub*  has  attempted  to  deter- 
mine quantitatively  the  total  amount  of  active  substances  present  in  the 
leaves,  and  the  fraction  of  this  obtained  by  extraction.  He  arrives  at 
the  conclusion  that  the  leaves  contain  approximately  1%  of  active  gluco- 
sides,  a  much  higher  proportion  than  it  is  possible  to  isolate  by  chemical 
processes. 

No  attempt  has  been  made  to  determine  whether  these  various  extracts 
are  of  reasonably  constant  composition  as  far  as  the  glucosides  they  con- 
tain are  concerned.  It  is  possible  to  reach  a  conclusion  as  to  the  identity 
of  the  glucosides  by  chemical  methods  only,  but  it  is  surely  far-fetched 
to  assume  that  one  can  determine  by  tests  on  cats,  frogs,  or  other  animals, 
just  what  glucosides  may  be  present  in  any  given  fraction  of  the  drufc.  It 
therefore,  would  appear  of  some  value  to  determine  whether  it  is  possible 
to  obtain  fractions  of  uniform  composition,  using  the  same  methods  of 
procedure  on  different  samples  of  the  drug,  and  if  so,  just  which  constit- 
uents will  be  present  in  a  given  fraction. 

Since,  as  stated  previously,  it  is  impossible  to  isolate  all  of  the  active 
material,  the  use  of  a  pharmacological  method  of  testing  the  relative 
values  of  the  different  fractions  obtained  is  necessary.  The  M.  L,.  D. 
method  on  frogs  appears  to  be  the  only  one  now  in  use  which  can  be 
adapted  to  such  an  investigation  where  it  is  desired  to  run  a  large  num- 
ber of  tests  in  as  short  time  as  possible.  The  average  chemical  labora- 
tory is  a  poor  place  in  which  to  keep  the  number  of  frogs  required  for  the 
tests,  so  that  this  presented  quite  a  problem.  After  reviewing  the  re- 
sults obtained  on  goldfish  by  Pittenger,4  it  was  decided  to  try  this  method 
as  it  seemed  to  be  simpler  to  obtain  and  keep  these  on  hand. 

1  Kraft,  Arch.  Phartn.,  250,  118  (1912). 

1  Kiliani,  ibid.,  252,  13  (1914). 

*  Straub,  Arch.  exp.  Path.  Pharm.,  80,  52-71  (1916). 

4  Pittenger,  /.  Am.  Pharm.  Assoc.,  April,  1915;  &*£,  8,  893  (1919). 
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Some  experiments  were,  therefore,  carried  out  with  goldfish,  using  the 
method  given  by  Pittenger  in  his  second  paper  and  maintaining  a  constant 
temperature  of  22  °. 

Tine.  used. 

Cc.  After  3  hours. 

2.5  Alive 

2.6  Alive 

2.7  Alive 

2.8  Alive 

2 . 9  Alive 
3.0  Dead 
31  Dead 
3.2  Alive 

33  Dead 

34  Dead* 
3  5  Dead 
36  Dead 

•  This  fish  appeared  to  be  alive  at  the  end  of  3  hoars  but  died  a  few  minutes  later. 

The  tincture  tested  300%  of  the  U.  S.  P.  standard  by  the  M.  S.  D. 
method  on  frogs,  so  that  there  is  a  wide  discrepancy  between  these  re- 
sults and  those  reported  by  Pittenger,  who  sets  the  3-hour  M.  X.  D.  on 
goldfish  as  2 .  85  cc.  of  standard  tincture.  The  fish  used  were  fairly  large, 
averaging  25  g.  in  weight,  but  Pittenger  states  in  his  earlier  communica- 
tion that  the  size  of  the  fish  does  not  affect  the  result.  When  adjusted 
to  U.  S.  P.  standard,  the  tincture  used  above  gave  the  following  results. 

Tine.  used. 

Cc.  After  3  hours. 

7.5  Alive 

8.0  Alive 

8.5  Dead 

9.0  Dead 

9.5  Dead 

Since  the  method  appeared  to  give  fairly  concordant  results,  and  this 
was  all  that  was  desired,  the  question  as  to  why  there  should  be  such  a 
large  discrepancy  between  the  results  by  the  2  methods,  was  not  investi- 
gated at  this  time. 

The  crude  drug  used  in  the  investigation  was  all  obtained  from  lbs 
Stearns  Medicinal  Plant  Gardens,  at  the  University  of  Michigan,  and 
consisted  of  3  lots,  2  of  which  were  first-year  plants,  one  1918  crop,  and 
the  other  1919,  the  third  being  1919  second-year  plants.  No  special  pre- 
cautions were  taken  in  handling  and  storing  the  leaves,  the  drying  being 
carried  out  at  ordinary  temperature. 

Before  using,  the  leaves  were  ground  to  a  coarse  powder,  and  this 
was  cleaned  by  sifting  through  an  80-mesh  screen  in  a  rotary  sifting  ma- 
chine, all  the  material  passing  through  being  discarded.  The  siftings 
ran  as  high  as  34%  ash  while  the  cleaned  powder  gave  an  ash  content  of 
9  to  11%. 
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Cold  Water  Extract. 

Two  kg.  of  the  coarsely  powdered  first-year  1919  leaves  was  treated 
with  10  liters  of  cold  distilled  water  containing  5%  of  alcohol,  and  the  mix- 
ture was  agitated  during  8  to  10  hours  by  means  of  an  electric  stirrer. 
Too  violent  agitation  is  to  be  avoided  as  it  causes  intense  foaming.  The 
watery  extract  was  then  pressed  off,  and  the  process  repeated,  the  second 
extract  being  added  to  the  first  and  the  whole  then  evaporated  to  a  third 
or  a  quarter  of  the  original  volume  at  a  temperature  not  exceeding  30°. 
The  results  obtained  by  shaking  out  the  total  volume  of  aqueous  extract 
with  chloroform  without  the  preliminary  evaporation  are  much  more 
satisfactory  as  regards  the  final  yield  of  pure  product,  but  it  is  almost  im- 
possible to  handle  such  a  large  quantity  of  material  in  shaking  out  with 
the  facilities  of  the  ordinary  laboratory.  No  matter  which  method  is 
used,  the  addition  of  the  small  amount  of  alcohol  used  in  the  extraction 
seems  advisable,  in  the  first  case  to  retard  the  development  of  molds  dur- 
ing the  evaporation,  and  in  the  second  method,  to  prevent  the  formation 
of  emulsions  in  the  shaking-out  process,  something  very  difficult  to  avoid 
with  a  large  volume  of  liquid  containing  a  saponin.  Experiments  on  a 
small  scale  indicate  that  the  addition  of  such  a  small  amount  of  alcohol 
has  very  little  effect  on  the  amount  of  active  material  extracted.  The 
aqueous  extract  obtained  by  either  method  was  then  extracted  with 
chloroform  until  the  residue  left  upon  evaporation  of  a  small  portion 
possessed  only  a  faintly  bitter  taste. 

The  cold  water  extract  prepared  in  this  manner  contained  from  20  to 
22%  of  extractive,  calculated  on  the  weight  of  crude  drug  used.  The 
chloroform  extract,  however,  contained  only  1 .4%  of  extractive.  These 
results  were  checked  by  manipulating  several  25-g.  samples  of  the  same 
crude  drug  as  used  above,  using  250  cc  of  H*0. 

Extract.  CHCh 

Sample  ©.  Ext.  %. 

1 5.15  O.36  I.44 

* 4-9  0.35  14 

3 4.7  0.29  1. 16 

The  residua  from  the  chloroform  extract  after  complete  removal  of 
the  chloroform,  rerdissolved  in  water,  in  which  it  is  still  completely  solu- 
ble* possesses  an  activity  10%  less  than  that  of  the  chloroform-insoluble 
fraction,  measured  on  goldfish,  as  has  previously  been  shown  by  Straub.1 
Whether  this  chloroform  soluble  fraction  loses  part  of  its  activity  through 
the  treatment  with  this  solvent  has  not  been  conclusively  determined 
although  according  to  Kraft,  "Gitalin,"  of  which  this  fraction  appears, 
to  be  composed,  is  not  affected  by  chloroform ' 

1  Straub,  Arch.  exp.  Path.  Pfurm.,  So,  52-71  (1916). 
'Kraft*  Arch.  ?Hrm.t  250,  126  (1912) 
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The  residue  is  a  light  brown  in  color  and  soluble  in  all  the  ordinary 
solvents.  In  order  to  purify  it,  it  is  dissolved  in  chloroform  and  precipi- 
tated as  an  amorphous  powder  by  allowing  the  chloroform  solution  to 
run  slowly  into  an  excess  of  petroleum  ether,  the  method  followed  by 
Kraft  in  the  preparation  of  "Gitalin."  A  pure  product  can  be  obtained 
only  by  repeating  this  procedure  several  times.  Treatment  with  ani- 
mal charcoal  seems  to  have  little  effect  in  removing  the  color,  besides  in- 
volving considerable  loss  due  to  absorption. 

About  0.4  g.  of  a  pure  white  amorphous  susbstance  was  thus  obtained, 
melting  at  152  °.  Tested  with  Kiliani's  modification  of  Keler's  reaction, 
it  gave  a  reddish-violet  ring,  and  a  blue  color  gradually  developed  in 
the  acetic  acid  layer.  A  small  portion  dissolved  in  alcohol,  on  the  addi- 
tion of  half  its  volume  of  water  gave  a  precipitate  of  small  crystalline 
aggregates,  melting  at  73-75  °,  the  melting-point  given  by  Kraft  for  his 
"Gitalin-Hydrat." 

An  attempt  was  made  to  separate  digitoxin  from  the  product,  using 
a  mixture  of  methyl  alcohol  and  chloroform  as  a  solvent  and  adding 
ether  to  precipitate  any  digitoxin  present,  but  nothing  was  obtained. 
No  conclusion  could  be  drawn  from  this  as  the  amount  available  for 
experiment  was  too  small. 

The  water-soluble,  chloroform-insoluble  fraction,  which  contains  ap- 
proximately 55%  of  ,the  activity  of  the  water  extract  was  evaporated  to 
dryness  at  a  low  temperature,  the  final  frying  being  done  in  vacuo  over 
sulfuric  acid.  The  dry  substance  was  treated  several  times  with  an 
excess  of  acetone,  which  dissolves  a  large  amount  of  yellow  coloring 
matter,  in  addition  to  the  active  glucoside.  The  powder  remaining  can 
be  purified  further  by  solution  in  methyl  alcohol  and  precipitation  by 
means  of  ether.  It  proved  impossible  to  obtain  a  crystalline  substance 
from  the  purified  product,  and  no  attempt  was  made  to  separate  it  into 
a-,  0-  and  7-saponin,  as  done  previously  by  Kraft.1  In  much  higher 
concentration  than  usually  used  for  the  tests  on  the  fish,  it  had  no  effect, 
except  to  cause  them  to  come  continuously  to  the  surface  for  air.  Two 
cc.  of  a  10%  solution  injected  intravenously  into  250  g.  guinea-pigs  had 
no  effect  whatever  on  the  animals.  Tests  made,  using  one  cc  of  a  2.5% 
suspension  of  washed  red  blood  cells  from  sheep  with  amounts  of  a  5% 
solution  of  the  saponin  ranging  from  0.1  to  1  cc,  the  solution  made  up  to  2 
cc.  with  physiological  salt  solution,  showed  no  hemolysis  after  an  hour's 
incubation  at  37  °.  The  saponin  substance  of  digitalis  seeds  (amorphous 
digitonin),  possesses  hemolytic  properties.  - 

It  was  attempted  by  various  means  to  purify  the  acetone  extraction 
of  the  original  chloroform  residue,  but  no  successful  method  w*s  wcdfed 
out.  In  every  case,  the  product  obtained  wa*  a  dtrk-ferown  amorphous 
1  Kraft,  Arch.  Pharm.,  250,  T21  (1916),  -;:. 
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substance  which  resisted  all  attempts  at  further  purification  and  upon 
continued  treatment  with  solvents  became  more  and  more  insoluble  in 
water.  A  product  was  obtained,  however,  which  was  approximately 
50%  more  toxic  to  the  fish  than  the  purified  "Gitalin." 

Alcohol  Extraction. 

The  leaves,  after  extraction  with  cold  water,  were  dried  at  a  low  tem- 
perature and  treated  with  3  liters  of  50%  alcohol  after  thoroughly  moist- 
ening them  with  the  same  solvent.  The  mixture  was  allowed  to  stand 
overnight  at  room  temperature,  the  liquid  pressed  off  and  the  treatment 
repeated.  After  the  second  extraction,  a  test  made  on  a  portion  of  the 
extracted  powder  showed  it  to  be  inactive.  The  united  alcoholic  ex- 
tracts were  then  precipitated  with  lead  acetate,  filtered,  the  excess  lead 
removed  with  sodium  phosphate  and  the  final  clear  solution  evaporated 
under  reduced  pressure  on  the  steam-bath  to  a  volume  of  about  one  liter. 
A  copious  precipitate  was  formed  which  was  filtered  off,  dried  at  a  low 
temperature,  powdered  finely  and  exhaustively  extracted  with  100  cc. 
of  chloroform,  by  heating  it  on  the  steam-bath  under  a  reflux  condenser 
for  15  minutes.  The  chloroform  solution  was  then  evaporated,  the  green- 
ish-brown residue  taken  up  in  hot  alcohol,  in  which  it  is  completely  solu- 
ble, and  digested  with  animal  charcoal.  After  filtering,  the  solution  was 
evaporated,  the  residue  taken  up  in  chloroform,  the  chloroform  solution 
poured  into  an  excess  of  ether  and  the  mixture  allowed  to  stand  over- 
night. A  peculiarity  of  the  crude  substance  obtained  from  the  chloro-* 
form  extraction  seemed  to  be  that  animal  charcoal  decolorized  it  much 
more  efficiently  in  alcoholic  solution  than  when  chloroform  was  used  as 
the  solvent. 

The  precipitate  obtained  amounted  to  about  1.5  g.  of  an  amorphous 
substance.  Upon  recrystallizing  it  from  hot  alcohol,  long  plates  were 
formed,  which  melted  at  244  °,  and  showed  a  marked  play  of  color  be- 
tween crossed  nicols.    They  gave  Keller's  digitoxin  reaction. 

Subs.,  0.1805,  0.1911:  HiO,  0.1387,  0.1471;  COj,  0.4225,  0.4470. 

Calc.  for  digitoxin,  CmHmOu?  C,  63.90;  H,  8.52.    Found:  C,  63.83,  63.79;  H, 
8.6,  8.58. 

The  filtrate  obtained  after  the  evaporation  of  the  original  alcoholic 
extract  of  the  leaves  had  only  a  slightly  bitter  taste,  and  as  it  was  without 
action  on  goldfish  in  the  ordinary  dilutions  it  was  discarded. 

According  to  Kraft,1  after  the  exhaustive  extraction  of  the  precipitate 
obtained  by  evaporation  of  the  alcoholic  extract,  there  remains  an  in- 
active^ chloroform-insoluble  glucoside  which  he  called  gitin.  However; 
after  repeated  extraction  of  the  chloroform  insoluble  residue  with  hot 
alcohol  and  subsequent  Evaporation  and  purification  of  the  united  ako- 

lKi&lt,  Arch.  Pharni.,  l$o,  13$  (1912). 
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hoik  extracts,  nothing  was  obtained  except  a  trace  of  an  amorphous  sub- 
stance  and  a  few  crystals  resembling  those  of  digitoxin. 

Hot  Water  Extract. 

The  constituents  of  the  infusion  of  the  leaves  appeared  of  special  in- 
terest to  us  in  view  of  some  experiments  performed  by  R.  A.  Hatcher.1 

Two  kg.  of  19 1 9  first-year  leaf  was  treated  with  8  liters  of  boiling  water, 
the  mixture  allowed  to  stand  on  the  steam-bath  for  an  hour  with  occasional 
agitation,  the  watery  extract  pressed  off  and  the  process  repeated.  The 
united  extracts  were  then  strained  through  cotton  and  evaporated  on 
the  steam-bath  in  a  current  of  air  to  a  thick  liquid.  Evaporation  takes 
place  very  rapidly  in  this  manner,  and  the  temperature  of  the  liquid  does 
not  rise  above  70  °. 

Instead  of  adding  a  large  excess  of  alcohol  at  this  point,  which  was  the 
method  followed  by  Hatcher,  only  enough  was  added  to  thin  the  syrupy 
liquid  obtained  from  the  evaporation.  The  precipitate  was  then  re- 
moved and  the  aqueous-alcoholic  mixture  shaken  out  5  or  6  times  with 
100  cc.  of  chloroform.  The  chloroform  solution  was  evaporated,  the  brown 
resinous  substance  remaining  dissolved  in  90%  alcohol,  treated  with  ani- 
mal charcoal,  filtered,  evaporated,  dissolved  in  chloroform,  and  the  chloro- 
form solution  diluted  with  twice  its  volume  of  petroleum  ether.  After 
standing  for  48  hours,  the  amorphous  precipitate  was  filtered  off.  Tests 
on  a  small  portion  showed  it  to  be  partially  insoluble  in  a  small  amount  of 
alcohol.  Accordingly,  the  substance  was  dissolved  in  5  parts  of  a  mix- 
ture of  equal  volumes  of  methyl  alcohol  and  chloroform,  a  solvent  used 
by  Kiliani  in  some  of  his  later  work  on  the  digitalis  glucosides,  and  an 
equal  volume  of  ether  was  added.  Upon  standing  overnight,  a  white 
incrustation  appeared  at  the  edge  of  the  liquid.  After  this  crust  was 
filtered  off  and  an  equal  volume  of  ether  added  to  the  clear  solution, 
the  latter  became  cloudy,  and,  after  24  hours  later,  a  small  amount  of 
white  incrustation  had  again  appeared.  The  total  amount  of  tljis  sub- 
stance obtained  amounted  to  about  0.75  g.  Upon  recrystallizing  it 
from  alcohol,  long  plates,  which  melted  at  240-245  °,  were  obtained, 
exhibited  a  play  of  color  under  crossed^  nicols  and  gave  Keller's 
digitoxin  reaction. 

Subs.,  0.1556,  0.1465:  CO*  0.3638,  0.3475;  HiO,  0.1196,  0.1 140. 

Calc.  for  CmHmOu:  C,  63.90;  H,  8.52.    Found:  C,  63.77.  63.83;  H,  8.61,  8.56. 

The  methyl  alcohol-chloroform-ether  solution  was  evaporated  to  dry- 
ness and  the  residue  crystallized  from  alcohol.  The  product  appeared 
to  be  a  mixture  of  an  amorphous  substance  with  crystals  of  very  irregular 
form  when  examined  under  the  microscope.  Careful  recrystalUzation 
from  alcohol  in  which  the  crystalline  portion  of  the  precipitate  Sfttgied  to 
be  insoluble  gave  an  amorphous  substance  melting  very  definitely  at 
1  A  short  summary  appears  ia  tte  /.  Am.  Phdrm,  Assoc,  8,  913  (19T9). 
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150-160°.  Solution  in  a  very  small  quantity  of  alcohol  and  the  addi- 
tion of  an  equal  volume  of  water  gave  a  precipitate  of  the  smaller  granular 
aggregates  melting  at  73-75°  which  had  been  obtained  from  the  chloro- 
form soluble  portion  of  the  cold  water  extract;  further  investigation  of 
this  fraction  was  not  made  because  of  the  small  amount  of  material  avail- 
able; we  assumed  it  to  be  what  Kraft  designated  as  "Gitalin-Hydrat." 

The  crystalline  portion  of  the  precipitate  from  the  methyl  alcohol- 
chloroform-ether  solution  proved  to  be  insoluble  in  practically  all  the 
ordinary  solvents  except  dil.  alcohol,  and  the  crystals  melted  at  257°. 

Subs.,  0.1654,  0.1864:  COs,  0.3864,  0.4352;  HiO,  0.1295,  0.1463. 

Cak.  for  anhydrogitalin  (C*H«09):  C,  63.83;  H,  8.8.    Pound:  C,  63.70,  63,66; 
H,  8.76,  8.78. 

The  total  yield  of  both  amorphous  and  crystalline  substance  amounted 
to  1.1  g. 

The  activity  of  the  chloroform-soluble  portion  of  the  infusion  was  ap- 
proximately double  that  of  the  chloroform-insoluble  portion.  This  lat- 
ter, as  in  the  case  of  the  chloroform-insoluble  fraction  of  the  cold  water 
extract,  was  evaporated,  dried,  and  extracted  with  acetone,  thus  separa- 
ting the  saponins  from  the  active  glucoside.  The  same  methods  of  puri- 
fication were  employed;  but,  as  stated  previously,  no  feasible  means 
were  found  of  getting  the  active  substance  in  a  pure  condition. 

The  powder,  after  being  extracted  with  hot  water,  was  dried  and  ex- 
tracted with  50%  alcohol,  the  extraction  and  subsequent  purification  be- 
ing carried  out  in  identically  the  same  manner  as  in  the  case  of  the  cold- 
water  extracted  drug.  The  final  purified  product  amounted  to  0.9  g. 
of  the  long  plates  characteristic  of  digitoxin,  melting  at  2440. 

All  of  these  extractions  were  repeated  with  2  other  lots  of  drug,  one  con- 
sisting of  1919  second-year  leaf,  and  the  other  1918  first-year  leaf,  and 
closely  tallying  results  were  obtained.  It  should  be  borne  in  mind  that 
little  attention  was  paid  to  the  yields  obtained,  the  object  being 
solely  to  get  a  pure  product  from  the  various  fractions  which  could  be 
positively  identified.  Core  was  taken  to  insure  that  the  manipulation 
of  each  lot  was  the  same  as  regards  time,  amount  of  solvent,  etc. 

Conclusions. 

1.  It  is  possible  with  careful  manipulation  and  uniform  methods  of 
procedure  to  obtain  crude  fractions  from  the  drug  by  means  of  various  sol- 
vents which  will  have  a  reasonably  constant  chemical  composition.  In 
view  of  the  difficulty  of  separating  individual  gtucosides  in  a  chemically 
pure  state  from  these  crude  fractions,  such  an  undertaking  at  present 
seems  to  have  no  commercial  value. 

2.  The  cold-water  extract  of  the  leaves  contains  either  none  or  a  very 
minute  quantity  of  digitoxin,  its  activity  being  due  entirely  to  a  chloro- 
form-soluble and  to  a  chloroform-insoluble  fraction.    la  view  of  the  fact 
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that  Kiliani  reports  that  "Gitalin,"  made  according  to  Kraft's  process,  is  a 
mixture  containing  some  digitoxin,  this  cold-water  extract  requires  further 
investigation,  especially  as  very  little  is  known  of  the  chloroform-insolu- 
ble portion. 

3.  The  saponing  substance  of  digitalis  leaves,  digitsaponin,  is  a  totally 
inactive  and  non-hemolytic  susbtance  when  purified.  This  disposes  of 
one  possible  source  of  error  in  pharmacological  tests  on  the  leaf. 

4.  Hatcher's  chloroform-soluble  fraction  of  the  infusion  is  a  mixture 
of  "Gitalin"  and  digitoxin.  If  the  accepted  theory  that  the  cause  of  the 
deterioration  of  digitalis  preparations  is  the  water-soluble,  chloroform- 
soluble  substance  or  substances  which  we  have  designated  as  "Gitalin" 
is  true,  then  such  a  fraction  should  also  be  unstable.  Work  is  being 
continued  on  this  point. 

The  writer  is  indebted  to  Dr.  Henry  Kraemer  for  his  jnany  suggestions, 
and  for  his  assistance  in  obtaining  the  crude  drug  used  in  this  investiga- 
tion, which  was  obtained  from  plants  grown  by  him  at  the  Frederick 
Stearns  &  Co.  Medicinal  plant  garden  at  the  University  of  Michigan 
during  1918  and  1919. 

Aim  Ammo*.  Micuoam. 
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A  FURTHER  STUDY  OF  THE  PROCESS  OF  PURIFYING 
PANCREATIC  AMYLASE. 

By  H.  C.  Sherman,  I.  D.  Garard  and  V.  K.  LaMbr. 

Received  Tune  26,  1920. 

In  a  recent  paper  from  this  laboratory1  the  proteolytic  and  amylolytic 
activities  of  some  of  the  fractions  obtained  in  the  purification  of  pancreatic 
amylase  were  compared.  The  results  showed  that  the  attempts  to  purify 
pancreatic  amylase  by  fractionation  of  pancredtin  result  in  greatly  con- 
centrating both  amylolytic  and  proteolytic  activities  in  certain  fractions, 
but  also  revealed  large  losses  of  both  types  of  enzyme  activity  and  indi- 
cated to  us  that  the  purification  process  should  be  studied  in  some  detail 
in  order  that  more  light  might  be  thrown  upon  the  place  and  nature  of 
the  losses.  Especially  was  it  sought  to  determine  in  so  far  as  practicable 
whether  the  loss  of  amylolytic  activity  which  occurs,  for  example,  when 
the  partially  purified  amylase  is  dissolved  and  reprecipitated,  is  due  to  in- 
completeness of  precipitation,  to  deterioration  (inactivation)  of  the  en- 
zyme under  such  treatment,  or  conceivably  to  a  change  of  amylase  into 
protease  or  a  shifting  of  amylolytic  to  proteolytic  activity.  Accordingly, 
the  process  of  purification  previously  developed  in  this  laboratory1  was 
carried  out  with  determinations  of  total  solids  and  enzyme  activity  at 

1  Sherman  and  Neun,  This  Journal,  41,  1855-62  (1919)* 

t  Sherman  and  Schlesinger,  ibid.,  33,  1 195-1204  (191 1). 


Digitized  by 


Google 


YHB  PURIFICATION  Otf  PANCRBATIC  AMYLASE.  IOX>i 

each  step  in  the  process  where  such  determinations  were  feasible.  The 
colloidal  nature  of  the  materials  dealt  with  and  the  very  great  instability 
of  the  active  enzyme1  necessarily  render  conclusive  results  exceptionally 
difficult  of  attainment. 

Effect  of  Alcohol  and  Ether  upon  the  Activity  of  the  Pancreatic  Amylase. 
Since  the  solutions  to  be  withdrawn  for  testing  at  different  stages  in 
the  purification  process  all  contain  alcohol  and  many  of  them  contain 
ether,  experiments  were  first  made  to  determine  what  effect,  if  any,  would 
be  exerted  upon  the  activity  of  the  enzyme  by  alcohol  or  alcohol  and 
ether  in  such  amounts  as  might  be  introduced  with  the  enzyme  in  the 
various  solutions  and  mother  liquors  to  be  tested.  For  this  purpose 
equal  portions  of  the  same  amylase  preparation  were  treated  for  the  de- 
termination of  "amylolytic  power"*  with  and  without  the  addition  of  alco- 
hol or  alcohol  and  ether.  The  substrate  was  made  up  in  the  usual  way* 
and  the  alcohol  or  alcohol  and  ether  added  to  it  before  it  was  placed  in 
the  40  °  water-bath.  Some  of  the  ether  was  doubtless  evaporated  while 
the  substrate  was  coming  to  the  temperature  of  the  bath  and  during  the 
digestion,  but  this  is  equally  true  of  the  later  experiments  which  these 
tests  were  intended  to  control.  The  results  are  shown  in  Table  I. 
Table  I.— Ewbct  of  Alcohol  and  Ethbr  on  the  Activity  of  Pancreatic 

Amylase. 


Per  cent,  alcohol 

Per  cent,  ether 

"Amylolytic  power" 

by  volume. 

by  volume. 

shown  by  pancrettin. 

O 

O 

259 

O 

O 

273 

O.I 

O 

280 

2.0 

O 

280 

2.0 

O 

274 

50 

O 

258 

2.0 

2.0 

270 

2.0 

6.0 

258 

Greater  concentrations  of  alcohol  and  ether  were  used  here  than  in 
the  later  experiments  and  since  the  observed  variations  in  the  enzyme 
activity  are  no  greater  than  the  usual  experimental  variations,  it  is  con- 
cluded that  these  reagents,  in  the  concentration  used,  are  without  effect 
on  the  activity  of  the  enzyme. 

Extraction  of  the  Pancreatin. 
In  every  case  the  extraction  was  made  with  50%  alcohol  by  grinding  20  g. 
of  pancreatin  with  the  alcohol  in  a  mortar.    In  the  first  2  preparations  the 
pancreatin  was  ground  with  the  bulk  of  the  200  cc.  of  alcohol,  only  a  few 
cc.  being  retained  to  rinse  the  mortar,  and  the  maceration  filtered  through 
a  fluted  filter,  which  filtration  required  nearly  2  hours.    In  the  third  prep- 
1  Sherman  and  Schlesinger,  This  Journal,  37,  1309  (19 15). 
*  Sherman,  Kendall  and  Clark,  ibid.,  32,  1073-86  (1910). 
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aration  the  alcohol  was  used  in  portions  of  75  cc,  75  cc.,  and  50  cc,  and 
drawn  off  each  time  on  a  Biichner  funnel  with  suction.  In  the  fourth 
preparation  two  100  cc.  portions  were  used  and  each  filtered  with  suction. 

The  result  of  these  variations  in  the  method  of  extraction  was  not  very 
marked.  Somewhat  more  of  the  solution  was  recovered  in  the  later 
cases,  but  the  more  efficient  extraction  of  solids  did  not  result  in  more 
efficient  extraction  of  the  amylase.  However,  the  use  of  suction  reduces 
the  time  required  for  filtration  very  greatly.  The  factors  are  too  varia- 
ble to  afford  a  constant  time  of  filtration,  but  in  the  third  experiment 
only  20  minutes  was  required. 

Precipitation  with  Alcohol  and  Ether. 

A  mixture  was  made  containing  one  part  of  absolute  alcohol  and  4  parts 
of  anhydrous  ether.  In  Preparations  1,  2  and  3  the  filtered,  50%  alcohol 
extract  was  added  to  7  times  its  volume  of  this  mixture  and  the  whole  was 
rotated  somewhat  and  allowed  to  stand  for  30  minutes  in  the  ice-box 
in  order  to  induce  coagulation  of  the  precipitate.  At  the  end  of  this 
time  a  yellow  viscous  precipitate  had  stuck  to  the  bottom  of  the  jar.  The 
liquid  (Mother  Liquor  1)  which  was  still  slightly  turbid  was  decanted. 

In  Preparation  4  the  ratio  of  acohol  to  ether  was  changed.  The  filtered 
extract  (180  cc.)  was  poured  into  4  volumes  of  1  :  1  alcohol-ether  mix- 
ture. After  standing  for  30  minutes  only  a  small  amount  had  settled  out, 
and  so  280  cc.  of  ether  was  added,  which  produced  a  precipitate  of  the 
usual  appearance.  In  Preparation  5,  as  a  result  of  Preparation  4,  four 
and  one-half  volumes  of  4  :  5  alcohol-ether  mixture  was  used.  The  liquid 
became  tin-bid  but  no  precipitate  formed  until  2  additional  volumes  of 
ether  had  been  added.  The  pancreatin  used  here  was  a  different  sample 
which  was  probably  responsible  for  the  different  concentrations  required. 
Two  points  seem  to  be  established  with  respect  to  this  precipitation; 
that  ether  is  essential  to  the  coagulation  of  the  precipitate  at  this  point, 
and  that  the  exact  concentration  necessary  for  effective  precipitation 
varies  somewhat  with  different  samples  of  pancreatin. 

The  viscous  precipitate  from  the  alcohol-ether  mixture  (Precipitate 
1)  was  dissolved  in  40  cc.  of  thrice  distilled  water  and  poured  into  200  cc 
of  absolute  alcohol.  The  resulting  precipitate  (Precipitate  2)  was  an 
amorphous  solid  but  no  longer  viscous.  It  should  be  noted  that  a  pre- 
cipitate is  now  obtained  with  alcohol  alone,  although  the  presence  of  ether 
was  necessary  in  the  first  precipitation.     (See  discussion  on  p.  1905.) 

In  each  case  an  attempt  was  made  to  disperse  Precipitate  2  in  250  cc. 
of  50%  alcohol,  preparatory  to  dialysis.  At  first  a  dispersion  was  ob- 
tained which  was  apparently  uniform  but,  as  has  been  reported,1  when- 
ever this  was  put  to  dialyze  a  precipitate  settled  out  ("sac  precipitate"). 
An  investigation  of  this  phenomenon  disclosed  the  fact  that,  when  all 

1  Sherman  and  Neun,  This  Journal,  40,  1138  (1918). 
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lumps  are  broken  up  and  Precipitate  2  disappears,  the  liquid  contains  a 
finely  divided  suspension,  which  will  coagulate  and  precipitate  if  stirred 
for  a  few  minutes.  It  was  first  noticed  that  this  new  precipitate  (Precipi* 
tmte  3)  apparently  ceased  to  come  down  after  the  first  hour  of  dialysis. 
It  was  then  found  that  if  the  precipitate  were  allowed  to  form  in  the  beaker 
for  20  minutes  before  being  placed  in  the  sac  and  then  filtered  off,  very 
little  came  down  during  the  dialysis.  Finally,  prolonged  stirring  (15 
minutes)  failed  to  produce  complete  dispersion  and  when  this  mixture 
stood  45  minutes  in  the  ice-box  it  became  very  turbid.  Filtration  of  this 
suspension  through  hardened  paper  gave  a  clear  liquid  which  did  not 
become  turbid  on  standing  for  15  minutes  in  the  ice-box.  From  these 
data  it  seems  that  Precipitate  2  cannot  be  dispersed  completely  in  250 
cc.  of  50%  alcohol  even  though  all  the  solids  present  were  previously  dis- 
solved in  less  than  200  cc.  of  the  same  solvent.  This  point  has  not  been 
investigated  in  the  earlier  work  in  this  laboratory  due  to  the  fact  that  the 
object  has  always  been  to  produce  a  highly  active  amylase  and  so  this 
dispersion  was  made  as  quickly  as  possible  to  avoid  deterioration.  While 
the  fine  white  suspension  is  only  slightly  visible,  the  loss  of  salts  as  dialysis 
begins  hastens  the  coagulation,  consequently  the  precipitate  appears  to 
form  from  a  clear  solution  as  dialysis  proceeds.  In  all  cases  this  precipi- 
tate1 was  filtered  out  before  proceeding  further. 

This  filtrate  (250  cc.)  was  dialyzed  against  3  successive  2 -liter  portions 
of  50%  alcohol;  the  first  for  16  hours,  the  second  for  8  hours,  and  the  third 
for  16  hours;  in  all  40  hours.  The  inner  solution  (Mother  Liquor  3) 
measured  300  to  450  cc.  and  was  filtered  from  Precipitate  3  unless  that 
had  already  been  removed.  Some  variations  were  made  in  this  dialysis. 
In  the  first  experiment  a  thin  collodion  sac  was  used  and  a  test  of  the 
dialysates  showed  that  they  were  both  amylolytically  and  proteolytically 
active.  In  order  better  to  avoid  mechanical  defects  a  heavier  sac  was 
made  for  the  second  dialysis.  In  the  third  experiment  a  medium  sac 
was  used  and  in  all  3  cases  some  of  the  enzyme  was  found  in  the  dialyzates. 
No  maltose  was  present  during  dialysis  in  Experiment  1,  5  g.  in  Experi- 
ment 2,  and  2  g.  in  Experiment  3.  The  effect  of  the  maltose  in  reducing 
deterioration  of  amylase  was  not  conclusively  determined  but  does  not 
seems  very  great. 

Thirty  cc.  of  the  clear  Mother  Liquor  3  was  removed  for  the  determina- 
tion of  activity  and  solids  and  the  remainder  poured  into  an  equal  volume 
of  a  1  :  1  alcohol-ether  mixture,  and  allowed  to  stand  for  one  hour.  The 
mixture  was  then  centrifuged  and  the  precipitate  (Precipitate  4)  removed 
from  the  tubes  with  a  steel  spatula,  and  dried  in  an  evacuated  desiccator 
in  the  ice-box.  In  Preparation  3,  Mother  Liquor  4  was  turbid  and  was 
1  As  previously  noted,  this  precipitate,  formerly  referred  to  as  "sac  precipitate" 
or  "sac  settlings/'  is  very  active  proteolytically. 
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allowed  to  stand  overnight  when  it  was  centrifuged  again  (Precipitate 
5).  To  Mother  Liquor  5  was  added  more  alcohol  and  ether  and  the  mix- 
ture centrifuged.    This  gave  Precipitate  6. 

In  Preparations  4  and  5  dialysis  was  omitted  and  the  relative  proportions 
of  alcohol,  ether  and  water  were  varied  somewhat  in  view  of  our  experience 
with  Preparations  1  and  3.  While  a  moderately  active  product  was  ob- 
tained, it  was  not  so  active  as  the  best  preparations  which  have  been 
made  in  this  laboratory.  However,  the  time  required  to  make  a  prepara- 
tion was  reduced  from  3  days  to  one. 

The  amylolytic  activity  was  determined  in  all  cases  by  the  method  of 
Sherman,  Kendall  and  Clarke,1  except  that  in  the  case  of  the  liquid  dis- 
persions the  activity  was  calculated  to  one  cc.  and  not  to  one  mg. 

Proteolytic  activity  was  determined  by  a  variation  of  the  method  given 
by  Sherman  and  Neun.'  The  100  cc.  of  digestion  mixture  was  taken 
from  the  bath  and  poured  into  25  cc.  of  a  solution  containing  200  g.  of 
crystallized  sodium  sulfate  per  liter  and  then  5  cc.  of  0.5  M  hydrochloric 
acid  was  added.  This  mixture  was  then  made  up  to  200  cc.,  filtered,  and 
aliquots  taken  for  the  determination  of  nitrogen.  The  method  of  making 
the  casein  substrate  was  modified  as  follows  in  order  to  avoid  some  of 
the  usual  difficulties,  especially  the  formation  of  lumps.  8  cc.  of  molar 
sodium  hydroxide  was  added  to  200  cc.  of  distilled  water  and  the  solution 
heated  to  400.  10  g.  of  casein  was  finely  powdered  and  added  slowly  to 
the  solution  with  constant  strirring.  The  dispersion  was  then  heated 
rapidly  to  8o°  or  900  and  filtered  through  a  fluted  filter  paper.    This  gave 

Table  II.— Distribution  of  the  Solids  and  Enzymic  Activity  Expressed  as  Per 

Cent,  of  the  Total. 

Bxpt.  1.  Bxpt.  2.  Expt.  3. 

r»»  *  ■»        <  *  ■   »     »■  *  *» 

Amylolytic  Amylolytic  Amylolytic 

Solids.       activity.      Solids,      activity.      Solids.       activity. 

Residue 62.5        19.3        40.0        22.2  48.8  18.7 

Mother  liquor  x 4.3          0.7          5.0         0.1  6.4  2.1 

Mother  liquor  2 12.2          0.0        13.5          0.0  13.9  0.0 

Mother  liquor  4 2.0          0.6          1.3          4.3  1.6  0.2 

Dialyzate  1 7.8          3.7          2.5          1.2  4.4  1.6 

Dialyzate  2 1.8          1.5          0.6          0.6  1.7  0.5 

Dialyzate  3 1.6          1.4          0.5          0.9  1.3  1.3 

Precipitate  3 0.1          o.x          1.0         0.2  1.0  0.4 

Precipitate  4 0.9         5.7         0.9         4.7  2.4  14.5 

Washings xo.i  0.3 

Total 102.9        33.2        64.3        34.2  81.2  39.3 

Loss 66.8        357        65.8  18.8  60.7 

Mother  liquor  3 2.9          8.0          6.4        19.5  5.7  34-7 

Note. — The  "washings"  given  in  this  table  consisted  of  some  50%  alcohol  used 
in  the  first  experiment  to  wash  the  residue  from  the  first  filtration. 
lLoc.  cit. 
1  Sherman  and  Neun,  This  Journal,  38,  2203  (1916). 
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a  dear  dispersion  which  is  made  up  to  500  cc,  and  50  cc.  used  for  each 
determination. 

The  distribution  of  the  solids  and  enzymic  activity  of  the  pancreatin 
during  its  purification  is  shown  in  Table  II. 

Proteolytic  activities  of  most  of  the  fractions  were  also  determined. 

Discussion. 

The  phenomena  observed  in  the  various  preparations  show  that  Pre- 
cipitate 3  ("sac  precipitate")  does  not  come  down  on  account  of  any  effect 
of  the  sac  nor  primarily  as  a  result  of  the  dialysis,  but  is  formed  by  the 
coagulation  of  particles  which  are  present  as  fine  suspension.  This  coagula- 
tion will  take  place  if  the  suspension  is  allowed  to  stand,  but  it  is  ac- 
celerated by  dialysis.  The  fact  that  this  fraction  is  insoluble  in  250  cc. 
50%  alcohol  while  it  was  formerly  dissolved  in  less  than  200  cc.  of  that 
reagent  is  inexplicable  as  a  case  of  true  solution  but  perfectly  regular 
when  considered  as  a  colloidal  phenomenon,  since  substances  present  in 
the  earlier  dispersion  are  absent  in  the  latter,  having  been  removed  by 
the  intervening  precipitations.  This  fraction,  as  has  been  stated  in  earlier 
papers,  is  a  very  active  protease;  in  fact,  it  is  the  most  active  protease 
preparation  of  which  we  have  knowledge.  In  this  connection  it  should 
also  be  noted  that  the  first  product  (Precipitate  A)  obtained  by  Sherman 
and  Neun  (loc.  cit.)  through  alcoholic  precipitation  after  the  usual  dialy- 
sis was  a  more  active  protease  than  the  second  one  (Precipitate  B).  These 
results  indicate  that  the  protease  fraction  of  pancreatin  is  more  easily 
coagulated  than  the  amylase.  If  this  is  so,  a  larger  proportion  of  the 
protease  should  remain  behind  during  dialysis.  The  protease  not  only 
dialyzes  but  also  precipitates  during  the  dialysis  and  so  the  activity  of 
this  precipitate  must  be  combined  with  that  of  the  inner  solution  in  order 
to  permit  a  proper  comparison  of  the  relative  rates  of  dialysis  of  the  amylase 
and  protease  originally  present.  Compared  in  this  way,  it  was  found 
that  in  each  of  our  3  experiments  the  protease  remained  in  the  dialyzing 
sac  in  larger  proportion  than  did  the  amylase.  It  seems  then  that  in 
the  dispersed  state  the  protease  dialyzes  more  slowly  and,  therefore,  pre- 
sumably consists  of  larger  particles  than  the  amylase. 

From  3  to  7%  of  the  original  amylase  was  found  in  the  dialyzates. 
This  amounts  to  from  10  to  20%  of  the  total  amylase  accounted  for,  or 
on  the  average  about  */§  of  the  amount  remaining  in  the  sac  after  dialysis. 
Such  slow  dialysis  is  enitrely  consistent  with  the  classification  of  the  en- 
zymes as  colloidal  substances,  since  it  has  often  been  found  that  some 
colloids  do  dialyze  through  collodion  membranes. 

The  average  of  the  first  3  experiments  gave  the  amylase  content  of 
the  residue  as  20.0%  of  the  original;  Mother  Liquors  1  and  2,  and Predp- 
tates  3,  7.1%;  Mother  Liquor  3,  20.0%.  At  the  end  of  the  dialysis, 
therefore,  there  remained  20%  of  the  original  total  amylolytic  activity, 
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and  27.2%  was  present  in  the  fraction  separated  before  the  end  of  the 
dialysis,  in  all  47.2%,  leaving  a  deterioration  of  52.8%.  Of  the  20.0% 
remaining  after  dialysis  10%  was  recovered  in  Precipitate  4  and  Mother 
Liquor  4  and  10%  deteriorated.  We  see  then,  that  of  the  original  amylo- 
lytic  activity  62.8%  was  lost  by  deterioration  and  37.2%  was  found  in 
the  fractions  separated.  Precipitate  3  is  obtained  from  a  volume  of  from 
300  cc.  to  500  cc.  and  Precipitate  4  from  a  volume  of  600  cc.  to  one  liter. 
This  precipitation  brings  down  about  35^  of  the  solids  present  which  repre- 
sents from  25  to  70%  of  the  amylolytic  activity  and  from  30  to  80% 
of  the  proteolytic  activity  present.  When  the  activity  of  the  enzyme 
left  in  the  Mother  Liquor  4  is  taken  into  account,  the  deterioration  in 
the  last  precipitation  amounts  to  from  20  to  60%  of  the  amylase  and 
from  6  to  50%  of  the  protease  present.  The  2  main  factors  in  this 
loss  are  the  heating  of  the  centrifuge  and  the  fact  that  the  precipitate 
cannot  be  removed  quantitatively  from  the  centrifuge  tubes.  In  these 
experiments  liquid  air  was  not  used  for  cooling  the  centrifuge,  as  in  some 
of  the  work  of  Sherman  and  Neun,  and  the  higher  temperatures  here  en- 
countered presumably  increased  the  loss  due  to  deterioration  in  solu- 
tion and  lowered  the  activities  of  the  final  precipitates. 

It  seems  that  precipitation  with  absolute  alcohol  is  efficient  in  freeing 
an  aqueous  dispersion  of  the  enzyme.  Whether  it  precipitates  nearly 
all  of  the  enzyme  or  inactivates  that  which  remains  in  solution  is  not  cer- 
tain, but  from  the  results  recorded  in  the  previous  paragraph  it  seems 
probable  that  the  enzyme  is  fairly  well  precipitated  and  that  the  deteriora- 
tion is  no  more  largely  due  to  the  alcohol  than  to  other  causes,  such  as 
increased  temperature.  Alcohol  cannot  be  used  exclusively  as  a  precipi- 
tant because  it  will  not  precipitate  the  first  extract  unless  at  least  50% 
of  ether  is  present.  The  way  in  which  the  ether  functions  is  not  known 
since  ether  alone  will  not  give  the  precipitate.  The  exact  concentration 
of  ether  necessary  varies  with  the  composition  of  the  otiginal  pancreatin 
and  the  thoroughness  of  the  extraction. 

The  present  experiments  afford  no  convincing  evidence  as  to  whether 
or  not  amylase  changes  to  protease.  The  difference  in  the  rate  of  de- 
terioration here  observed  may  be  due  either  to  such  a  change  or  to  greater 
instability  of  the  amylase. 

Summary. 

1.  Alcohol  up  to  5%,  or  alcohol-ether  mixture  up  to  8%  of  the  volume 
of  the  substrate  did  not  materially  affect  the  activity  of  the  pancreatic 
amylase.  Higher  concentrations  were  not  tested,  as  these  are  much 
above  the  quantities  introduced  with  the  enzyme  in  the  experiments  here 
described. 

2.  When  50%  alcohol  extracts  of  pancreatin  were  precipitated  by 
alcohol-ether  mixture  as  in  our  usual  purification  process,  the  residual 
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solution  (Mother  Liquor  1)  contained  about  1%  of  the  active  amylase 
and  2.5%  of  the  solids  of  the  original  pancreatin,  or  about  5%  of  the 
solids  originally  extracted. 

3.  When  the  alcohol-ether  precipitate  was  dispersed  in  water  and 
mixed  with  absolute  alcohol,  25%  of  the  solids  originally  extracted  re- 
mained in  the  filtrate  (Mother  Liquor  2)  but  this  filtrate  showed  no  anxio- 
lytic activity. 

4.  From  10  to  20%  of  the  amylolytic  activity  accounted  for  was 
found  in  the  dialyzates. 

5.  In  the  purification  experiments  here  described  about  50%  of  the 
amylolytic  activity  was  lost  by  the  end  of  the  dialysis,  about  45%  in 
the  final  precipitation  and  separation,  and  about  5%  was  found  in  the  final 
precipitate.  By  the  use  of  liquid-air  cooling  it  has  been  possible  in  other 
experiments  to  diminish  the  losses  in  the  later  stages  of  the  process  and 
considerably  increase  the  proportion  of  active  amylase  recovered  in  the 
final  product 

6.  The  precipitate  which  forms  in  the  inner  solution  during  dialysis 
(Precipitate  3,  "sac  precipitate")  6hows  very  high  proteolytic  and  little 
or  no  amylolytic  activity.  This  material,  which  was  originally  extracted 
by  50%  alcohol,  now  precipitates  from  this  solvent.  The  explanation 
of  this  fact  is  probably  to  be  found  in  the  removal,  through  the  inter- 
vening purification  process,  of  some  substance  or  substances  whose  pres- 
ence interferes  with  the  coagulation   of   the  protease  or  stabilizes  its 


We  are  greatly  indebted  to  the  Carnegie  Institution  of  Washington 
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The  first  edition  of  this  book  was  reviewed  in  This  Journal,  27,  790 
(1905).  The  second  edition  has  veen  very  considerably  enlarged  but 
retains  the  same  general  scope.  The  book  is  intended  for  use  in  the  in- 
struction of  students  who  are  candidates  for  the  "Certificat  d'e*tudes 
superieures  de  physique,  chimie  et  sciences  naturelles  (or  S.P.C.N.).  It 
is  intended  to  give  the  work  covered,  in  3  lessons  a  week  for  one  academic 
year.  If  the  material  of  this  book  is  fairly  mastered  in  that  period  it 
must  represent  far  more  intensive  work  than  is  done  by  American  stu- 
dents. The  first  75  pages  give  the  fundamental  principles,  laws  and  nomen- 
clature of  the  science.  There  are  some  advantages  of  such  a  method  of 
approach!  but  a  beginner  would  certainly  find  these  pages  difficult.    About 
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200  pages  are  given  to  a  detailed  discussion  of  the  metalloids  and  150  to 
the  metals,  completing  the  first  volume.  In  the  second  volume  326  pages 
are  devoted  to  organic  chemistry,  108  pages  to  qualitative  and  quantita- 
tive analysis,  including  organic  analysis  and  gas  analysis,  and  the  last  90 
pages  to  numerical  problems. 

Probably  every  text-book  retains  some  errors  and  some  survivals  of 
points  of  view  which  have  been  outgrown  in  the  progress  of  the  science. 
On  p.  101  we  find  Regnault's  value  for  the  weight  of  a  cubic  meter  of 
hydrogen  89.5  g.  instead  of  the  more  correct  modern  value,  89.87  g. 

On  p.  no  we  find  the  surprising  statement  that  up  to  a  temperature 
of  1800  there  is  a  false  equilibrium  causing  limited  combination  of  oxygen 
and  hydrogen  such  that  at  1800  12/10,000  of  the  mixture  appears  as  water. 
The  combination  increases  above  that  temperature  and  at  900  °  it  is  com- 
plete and  remains  so  to  12000.  Above  that  dissociation  begins.  Surely 
this  does  not  agree  with  modern  views.  In  several  other  places  the  author 
seems  pot  to  have  very  clear  views  with  regard  to  the  nature  of  chemical 
equilibrium. 

The  thermal  relations  of  many  chemical  reactions  are  discussed  through- 
out and  while  the  author  follows  Berthelot  too  closely  in  many  passages 
which  imply  that  the  heat  of  formation  of  a  compound  is  a  direct  measure 
of  the  affinity  of  the  elements  of  which  it  is  composed,  the  emphasis  placed 
upon  thermochemical  data  constitutes  one  of  the  most  valuable  features 
of  the  bodk. 

As  an  illustration  of  the  tendency  to  consider  thermal  relations,  the 
definition  of  an  acid,  p.  290,  may  be  cited:  After  having  stated  that  the 
heat  evolved  in  the  replacement  of  hydrogen  by  sodium  is  — 2.3  calories 
for  NaOH,  14.84  for  NH«,  22.3  for  C,H,,  32.9  for  HiO,  69.3  for  HC1, 
and  69 . 2  for  HNO3,  an  acid  is  defined  as  a  compound  which  evolves  more 
than  33  calories  of  heat  when  its  hydrogen  is  replaced  by  sodium.  The 
author  calls  attention,  very  properly,  to  the  fact  that  such  a  definition 
is  based  on  the  convention  that  water  is  neutral  and  one  might,  if  he  pre- 
ferred, caH  acetylene  or  hydrochloric  acid  as  neutral.  It  might  be  of  in- 
terest to  consider  whether  the  above  definitions  would  coincide,  prac- 
tically, with  the  ordinary  definition  based  on  the  hydrogen  and  hydroxyl 
ion  content  of  an  aqueous  solution  of  the  substance. 

On  page  298  we  find  the  erroneous  statement  that  pure  water  contains 
no  ions.  Closely  connected  with  this  error  is  the  omission  of  any  refer- 
ence to  the  hydrolysis  of  salts  of  weak  acids  and  weak  bases. 

The  portion  of  the  book  devoted  to  organic  chemistry  is  arranged 
logically,  treating  the  hydrocarbons  first,  then  of  alcohols,  phenols,  alde- 
hydes, ketones,  acids,  amines,  etc.  The  selection  of  material  is  satis- 
factory. 

While  the  point  of  view  of  the  book  as  a  whole  is  quite  different  from 
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that  of  most  American  and  German  text-books,  this  very  fact  would  make 
it  well  worth  reading,  especially  for  students  who  wish  to  improve  their 
knowledge  of  scientific  French.    There  is  no  index.       W.  A.  Noyes. 

Die  Welt  der  vernachlttssigten  Dimensionen.  By  Wolfgang  Ostwald.  Fourth 
Edition.  Theodor  Steinkopff,  Dresden  and  Leipzig,  1920.  xii  +  222  pp.  15  X 
23  cm.    $1.00. 

The  book  is  based  on  a  course  of  lectures  given  by  the  author  in  the 
United  States  during  the  winter  of  1913-14.  The  first  edition  was  trans- 
lated by  M.  H.  Fischer,  appearing  under  a  different  title.  The  first 
chapter  deals  with  the  fundamental  phenomena  of  colloid  chemistry. 
The  author  points  out  that  colloidal  solutions  are  2-phase  systems  and  he 
gives  some  of  the  methods  of  preparing  such  solutions.  The  second 
chapter  is  devoted  to  a  discussion  of  the  way  in  which  the  properties  of 
a  colloidal  solution  vary  with  the  degree  of  dispersity.  This  brings 
in  red  and  blue  gold,  the  Brownian  movements,  ultra-filtration,  the  Tyn- 
dall  phenomenon,  the  ultra-microscope,  and  cataphoresis.  The  changes 
of  state  of  colloids  form  the  subject  of  the  third  chapter.  Under  this 
rather  misleading  heading  the  author  discusses  the  formation  and  swell- 
ing of  jellies,  adsorption,  rhythmic  banding,  viscosity,  and  coagulation. 
In  the  fourth  chapter,  under  scientific  applications  of  colloid  chemistry, 
we  find  references  to  filtration,  analysis  with  borax  bead,  tests  for  natural 
honey,  photography,  rubber,  dyes,  indicators,  catalysis,  radio-activity, 
meteorology,  agriculture,  geology,  physiology,  and  pathology.  In  the 
fifth  chapter  the  author  points  out  that  the  technical  and  practical  applica- 
tions of  colloid  chemistry  include  about  everything  that  is  interesting: 
cellulose,  adhesives,  water-glass,  textiles,  coffee,  tea,  beer,  ink,  rubber, 
oildag,  lamp  filaments,  colored  glass,  ultramarine,  pigments,  cement, 
pottery,  plaster,  carbon  steels  and  alloy  steels,  leather,  dyeing,  artificial 
silk,  bakelite,  vulcanized  rubber,  soap,  cooking,  asphalt,  smoke,  and  sew- 
age. 

The  author  showed  a  large  number  of  excellent  experiments  in  his  lec- 
tures. Wilder  D.  Bancroft 

Catalysis  in  Theory  and  Practice.  By  Eric  K.  Ridbal  and  Hugh  S.  Taylor.  496 
and  XV  pages,  37  figures,  14  X  22  cm.  MacMillan,  Ltd.,  London,  England, 
1919.     19  shillings. 

It  is  surprising  how  completely  we  have  lacked  any  comprehensive 
treatise  on  catalysis,  a  phenomenon  recognized  now  for  nearly  a  hundred 
years,  and  known  to  be  as  important  as  it  is  universal.  There  have  only 
been  the  compilations  of  Gertrud  Woker,  in  German,  encyclopedic  rather 
than  illuminating;  chapters  in  the  larger  text-books  of  physical  chemis- 
try, the  best  of  which  is  one  by  Mellor,  in  his  "Chemical  Statics  and  Dynam- 
ics;" the  brilliant  popular  articles  by  the  late  Robert  Kennedy  Duncan, 
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and  a  number  of  special  monographs  on  particular  branches  of  the  sub* 
ject,  particularly  "Le  Catalyse  in  Chimie  Organique,"  by  Sabatier. 

The  present  volume  is  a  long  step  toward  a  remedy  of  this  deficiency. 
Its  first  3  chapters  of  74  pages  contain  an  historical  and  theoretical  intro- 
duction; the  remaining  400-odd  pages  are  devoted  to  the  more  important 
concrete  instances  of  catalysis,  classified  under  Oxidation,  Hydrogena- 
tion,  Dehydrogenation,  Fixation  of  Nitrogen,  Hydration  and  Hydrolysis, 
Dehydration,  Organic  Chemical  Reactions,  Ferments  and  Enzymes, 
Catalysis  in  Electrochemistry  and  in  Analytical  Chemistry,  and  Catalysis 
by  Radiant  Energy.  The  theoretical  introduction  is  not  as  thorough  or 
complete  as  might  be  wished;  the  discussion  of  induced  reactions  being 
particularly  brief.  This  deficiency  is  certainly  in  part  due  to  the  unsatis- 
factory state  of  the  subject  itself,  for  which  the  authors  can  hardly  be 
blamed,  and  in  part  to  a  wise  limitation  of  the  size  of  the  book.  More- 
over, it  is  largely  remedied  by  the  thorough  theoretical  treatment  ac- 
corded separately  to  each  of  the  industrially  important  catalytic  processes. 
The  chapters  on  Hydrogenation,  Fixation  of  Nitrogen,  and  Catalysis  by 
Radiant  Energy,  are  particularly  good. 

The  wide  scope  of  the  subject  is  impressive.  Devotees  of  colloid  chem- 
istry maintain  that  every  branch  of  applied  chemistry  falls  within  their 
domain,  but  catalysis  apparently  has  equally  valid  claims  for  universality. 
The  authors  have  treated  this  wide  and  varied  subject  matter  with  clear- 
ness and  perspicacity.  Best  of  all,  they  have  been  able  to  master  the 
separate  subjects  so  well  that  the  book  is  replete  with  suggestions  for  further 
research. 

That,  indeed,  is  the  greatest  profit  which  a  scientific  book  can  afford. 
When  the  facts  in  any  particular  field  are  gathered  together,  the  gaps  and 
loopholes  in  our  knowledge  become  apparent  and  this  stimulates  investi- 
gation. Moreover,  speaking  chemically,  to  bring  together  significant 
facts  within  reacting  distance  is  bound  to  accelerate  the  synthesis  of 
generalizations.  In  such  a  sense,  this  book  should  prove  to  be  one  of  the 
best  examples  of  the  phenomenon  it  dtscribes.       Arthur  B.  Lamb. 
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In  the  calorimetry  of  slow  processes,  the  fundamental  necessity  is  the 
long-continued  maintenance  of  a  negligible  or  precisely  measurable 
heat  interchange  between  the  reacting  system  and  its  environment.  Of 
the  3  general  methods  of  calorimetric  practice,  the  merodiabatic,1  the  iso- 
thermal and  the  adiabatic,  the  last  alone  is  adequate  in  all  cases'  for  the 
establishment  of  such  condition. 2  The  complicated  corrections  for  thermal 
leakage  characteristic  of  merodiabatic  calorimetry  are  not  uniformly 
applicable  to  evey  type  of  system,  and  in  precise  measurement  must  be 

1  The  term  merodiabatic,  suggested  by  W.  P.  White  [This  Journal,  40,  388 
(191 8)]  applies  to  the  customary  method,  in  which  measured  thermal  leakage  occurs 
between  the  calorimeter  and  its  environment. 

1  The  advantages  of  the  adiabatic  method  for  the  possible  measurement  of  pro- 
tracted processes  has  already  been  remarked,  in  a  general  way,  (White,  This  Journal, 
40,  1891 ;  Dickinson,  Bur.  Standards,  Bull.  11,  207)  but  has  not,  in  the  writer's  opinion, 
been  sufficiently  emphasized;  and  the  method  has  not,  apparently,  been  thus  applied 
heretofore. 
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separately  determined.  In  long-continued  operations,  their  magnitude 
wfll  be  comparable  with  that  of  the  heat  actually  measured,  and  will 
be  affected  by  comparable  errors  of  observation;  while  their  uncertainty, 
due  to  unavoidable  differences  of  manipulation  in  separate  measurements 
and,  in  minor  degree,  to  fluctuation  in  environmental  (thermostat)  tem- 
perature will  become  increasingly  significant  with  the  passage  of  time. 
This  method,  therefore,  is  inapplicable  to  the  precise  measurement  of 
slow  reactions.  By  the  isothermal  method,  on  the  other  hand,  a  prac- 
tically constant  environment  having  been  established,  accidental  transfer 
of  heat  could  be  eliminated,  or  reduced  to  such  magnitude  and  to  such 
narrow  and  determinable  range  of  fluctuation  that  it  could  be  safely  cor- 
rected for  from  the  results  of  accessory  measurements.  With  this  pro- 
cedure, furthermore,  all  kinetic  data  involved  in  the  analysis  of  the  process 
examined  could  be  used  without  correction  for  the  effect  of  temperature 
change,  and  the  temperature  coefficients  of  changes  in  total  energy  could 
be  left  out  of  consideration.  The  probable  technical  difficulties  attend- 
ing its  general  use,  however,  are  great,1  and  are  probably  insurmountable 
in  the  case  of  slow  reactions  which  are  wholly  or  in  part  exothermal. 

These  considerations  are  sufficient  to  justify  the  choice  of  the  adiabatic 
method  for  the  calorimetry  of  any  slow  process  except  in  special  cases. 
This  method  makes  possible  the  practical  elimination  of  error  in  correc- 
tion for  transfer  of  heat,  as  does  the  isothermal  method;  but  unlike  the 
latter,  it  may  easily  be  adapted  to  the  measurement  of  thermal  changes 
of  whatever  character.  Its  single  disadvantage,  due  to  changing  tem- 
perature, is  relatively  unimportant,  and  necessitates  merely  the  applica- 
tion of  simple  and  precisely  determinable  corrections,  of  which,  in  familiar 
types  of  slow  reaction,  only  that  which  affects  the  kinetic  data  is  meas- 
urable.1 

The  following  paragraphs  describe  an  adiabatic  procedure  which,  it  is 
believed,  will  be  found  generally  adequate  for  the  precise  calorimetry  of 
slow  reactions.  For  illustrative  measurement,  the  inversion  of  sucrose 
by  hydrochloric  acid,  a  process  which  includes  both  endothermal  and 
exothermal  changes,  has  been  chosen.  The  thermal  effects  involved  in 
this  reaction  as  experimentally  conducted  have  been  analyzed  in  a  previous 
communication,1  and  the  results  of  this  preliminary  inspection  are  here 
practically  applied.  The  final  results  leave  small  doubt  that  the  pre- 
cision of  this  sort  of  measurement  is  not  influenced  by  errors  peculiar  to 
adiabatic  procedure  beyond  the  limit  set  by  the  errors  of  precise  mer- 
cury thermometry,  and  that  in  the  determination  of  slow  reaction  heats, 
further  improvements  in  accuracy  will  depend  primarily  upon  a  reduc- 

1  Sec  Richards  and  Rowe,  Proc.  Am.  Acad.,  43,  477  (1908). 

:  Sec  the  following  reference,  pp.  1307,  1308, 

»  This  Journal,  42,  1295  (1920), 


Digitized  by 


Google 


THE  CALORIMBTRY  Otf  A  SIX)W  REACTION.  1913 

tion  of  the  cumulative  effect  of  small  sources  of  uncertainty  common  to 
all  calorimetry,  which  though  usually  insignificant,  are  exaggerated  by 
the  passage  of  time. 

Calorimetric  Apparatus:  Dimensions  and  Heat  Capacity. — In  these 
measurements  an  adiabatic  calorimeter  was  used,  of  the  general  type 
devised  and  subsequently  developed  by  Richards  and  his  co-workers.1 
The  accompanying  sketch  (Fig.  1),  drawn  particularly  so  as  to  show  the 
detail  of  the  instrument  as  modified  for  the  purpose  of  the  present  re- 
search, will  serve  also  to  recall  the  general  construction,  which  is  now  too 
well  known  to  require  further  description. 

The  calorimetric  vessel  was  a  cylindrical  cup  of  copper,  of  a  thickness 
equal  to  that  of  the  jacket  wall,  heavily  plated  with  gold  and  highly 
burnished.  It  was  supported  and  held  precisely  concentric  with  the  pol- 
ished jacket  wall  by  points  of  ivory  cemented  to  a  closely  fitting  and  rigid 
frame  of  boxwood.  The  widths  of  the  air  gaps  surrounding  it  were  40 
mm.  above,  10  mm.  below  and  6  mm.  laterally.  These  dimensions  do 
not  conform  to  those  calculated  by  White  to  be  the  most  effective  for 
general  insulktion;2  the  calorimetric  construction,  therefore — which 
was  made  in  1913,  prior  to  the  appearance  of  White's  important  paper — 
could  in  this  respect  probably  be  improved.3 

The  heat  capacity  of  the  whole  assembled  system,  determined  by  a 
variety  of  considerations  relative  to  desirable  advantages  in  experiment, 
was  about  1,000  gram  calorie  units.  This  capacity  was  large  enough  to 
make  the  temperature  change  from  thermal  leakage  under  established 
conditions  very  small,  and  to  allow  considerable  nicety  in  manipulation; 
while,  with  the  thermometers  employed,  it  still  permitted  the  detection 

1  For  examples  see  This  Journal,  37,  1 004-1006;  Proc.  Am.  Acad.,  49,  174B,  and 
references  in  first  citation,  p.  994. 

*  W.  P.  White,  This  Journal,  40,  379  (1918);  cf.  Phys.  Rev.,  [2]  7,  682  (1916)  and 
ibid.,  [2]  io,  743  (1917)' 

*  White's  results  indicate  that  considerably  larger  basal  and  lateral  spaces  might 
have  been  used,  with  corresponding  diminution  of  air  conduction.  In  these  determina- 
tions, however,  transfer  of  heat  by  radiation  and  conduction  was  relatively  unimportant 
since  in  the  corrections  for  imperfect  adiabaticity,  the  single  assumption  was  made  that 
the  total  transfer  of  heat  was  proportional  to  the  thermal  head  (see  p.  1923) .  The  really 
necessary  precaution  was  to  reduce  transfer  by  convection  as  much  as  possible.  The 
wide  upper  space  necessary  for  proper  manipulation  was  on  this  account  considered 
dangerous,  but  in  practice  was  shown  to  be  not  so,  in  confirmation  of  White's  general 
conclusions.  It  is  not  to  be  forgotten,  however,  that  in  the  case  of  nearly  all  slow 
reactions  which  involve  a  heat  of  mixture,  sudden  changes  of  temperature  are  likely  to 
occur  at  the  beginning,  which  might  well  make  the  consistent  employment  of  such  very 
wide  air  spaces  disadvantageous.  It  will  in  general  be  sufficient  for  experimental 
purposes  to  make  these  spaces  no  wider  than  is  necessary  to  prevent  undue  conduction 
and  thus  to  avoid  the  always  possible  danger  of  eddying  convection  currents,*excepting 
in  special  cases  when  only  gradual  temperature  changes  take  place. 
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Fig.  1. 

In  this  diagrammatic  sketch,  mercury,  silver  mirror  surfaces  and  cement  are  in 
heavy  black;  gold-  and  nickel-plated  copper  in  broken  hatching;  lead  in  cross  hatching; 
vulcanite  in  heavy  single  hatching  and  soft  rubber  in  light  single  hatching.  Ivory, 
wool  and  wood  will  be  recognized  by  characteristic  markings.     Glass  is  left  unmarked. 

Certain  liberties  have  been  taken  with  the  section  for  the  sake  of  clearness;  the 
calorimetric  thermometer,  for  instance,  is  actually  not  on  the  same  diameter  with  the 
stirrer  and  mechanism  chimneys,  though  it  is  here  so  representee}. 
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of  o .  5  calorie  of  thermal  change.    It  was  known  in  every  determination 
to  well  within  0.5%,  with  negligible  error  of  variation. 

Constant  Temperature  Closet — By  the  arrangements  already  de- 
scribed or  suggested,  the  calorimetric  system  was  well  insulated  from 
its  surrounding  bath.  The  bath  in  turn  protected  it  as  effectively  as 
possible  from  the  environment.  There  remained,  however,  unavoidable 
direct  communication  and  consequent  thermal  leakage  between  the  calorim- 
eter and  the  outside  air,  through  the  thermometer,  the  stirrer,  and  the 
air  in  the  stirrer  chimneys.  Such  thermal  interchange  is  never  wholly 
eliminated  nor  made  absolutely  definable  by  any  method  of  procedure; 
and  the  degree  of  uncertainty  it  introduces  inevitably  increases  with  the 
passage  of  time.  *  As  a  prerequisite  for  the  successful  completion  of  the 
measurements  under  discussion,  therefore,  a  doset  had  first  of  all  been 
constructed,  so  designed  that  the  temperature  within  it  could  be  main- 
tained for  any  desired  time  constant  within  narrow  limits  of  variation. 
The  essential  features  of  this  construction,  including  the  thermostatic 
mechanism,  by  means  of  which  its  temperature  was  controlled,  may  merit 
future  description.  In  this  place  it  is  sufficient  to  note  that  within  it  the 
temperature  in  the  immediate  neighborhood  of  the  calorimeter  could  be 
held  constant  to  *o. 1  °  for  any  desired  interval  of  time,  while  that  of  the 
whole  interior  remained  uniform  and  constant  to  within  =*=o.3°.  By  this 
means,  while  the  bath  was  held  within  0.010  of  the  reaction  tempera- 
ture, the  unavoidable  direct  leakage  was  made  measurably  constant 
while  the  calorimeter  was  stirred,  and  quite  negligible  while  it  was  held 
quiescent.  It  was  sufficient  that  the  temperature  of  the  closet  varied 
no  more  than  0.50  from  the  reaction  temperature  to  accomplish  this 
result. 

Stirring  Mechanism. — The  calorimeter  contents  were  agitated  by 
a  vertical  reciprocating  stirrer.  This  form  possesses  many  advantages 
in  experimental  as  distinguished  from  routine  procedure  over  the  rotating 
propeller.  The  latter  is  relatively  ineffective  in  preventing  thermal 
stratification  unless  it  is  held  in  a  separate  chamber  so  connected  with 
the  main  calorimeter  body  that  strong  currents  are  made  to  flow  through 
the  connecting  orifices;1  and  such  a  construction,  which  must  be  de- 
signed with  care  to  ensure  with  a  given  arrangement  of  internal  parts 
sufficient  mixing,  seems  too  unadaptable  for  use  as  a  general  laboratory 
appliance.  In  the  present  work,  the  reciprocating  stirrer  was  in  other 
respects  preferable.  Besides  assuring  quick  and  complete  mixing,  it 
made  possible  a  thorough  agitation  with  a  minimum  of  eddying  air  con- 
vection such  as  would  result  from  surface  motion,  and  thus  permitted 
1  This  type  of  stirrer  has  been  designed  and  perfected  at  the  Bureau  of  Standards. 
For  a  description  of  an  apparatus  which  includes  it  see  H.  C.  Dickinson,  he.  cit..  Bur, 
Standards,  Bull,  ix,  2x0. 
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the  relatively  safe  use  of  an  open  calorimeter  vessel;  its  heating  effect 
was  probably  smaller  than  that  of  an  effective  rotating  stirrer  would  have 
been  with  the  system  employed;  its  adequate  insulation  was  quite  as 
certain;  and  though  its  motion  was  no  more  closely  uniform  than  that  of 
a  propeller  when  the  mechanism  was  in  continuous  operation,  it  was  more 
precisely  manageable  when  stirring  was  intermittent  and  slight.  Finally, 
it  assisted  so  materially  in  securing  a  rapid  mixture  of  the  reacting  in- 
gredients at  the  beginning  of  a  measurement  that  on  this  account  alone 
it  could  hardly  have  been  dispensed  with.1 

The  only  obvious  disadvantages  of  this  kind  of  stirrer  result  either  from 
irregular  motion  or  from  actual  transfer  of  air  by  pumping;  both  of  which 
effects  can  be  minimized  by  proper  construction.  In  these  measurements, 
the  outer  calorimeter  stirrer,  which  was  a  perforated  ring  and  disk  affair 
of  usual  design  made  of  gold-plated  copper  (Fig.  i,  AA),  was  suspended 
from  theVmter  hanger  by  long  thin  rods  of  polished  vulcanite  which  alone, 
during  movement,  entered  and  left  the  system.  These  moved  through 
perforated  stoppers  at  the  chimney  tops,  the  holes  through  which,  only 
slightly  larger  than  the  rods,  were  lined  with  thin  glass  and  insulated  by 
fine  wool  held  loosely  over  20  mm.  length  above  them  by  large  glass  tubes 
which  capped  the  chimneys.  The  dimensions  and  adjustment  of  the 
stirrer  were  such  that  it  moved  with  almost  inperceptible  lateral  displace- 
ment, and  very  smoothly.  The  ring  and  disk,  always  submerged,  each 
traversed  a  half  of  the  liquid  depth,  and  stirred  most  effectively  the  lowest 
layers  where  inhomogeneity  was  most  likely.  A  no  time  did  metal  enter 
the  chimneys,  or  vulcanite  come  in  contact  with  the  calorimeter  liquid,  the 
surface  of  which  was  only  very  slightly  disturbed.  The  inner  calorimeter 
stirrer  (Fig.  1,  BB),  was  similarly  insulated,  and  was  adjusted  with  similar 
care. 

The  external  stirring  mechanism  was  a  miniature  factory  construction 
of  steel  shafts  and  crown  pulleys  easily  adjustable  to  several  convenient 
speeds  and  lengths  of  stroke;  and  was  driven  by  a  l/*  horse-power  motor. 
All  transmission  was  by  flat  belts  25  mm.  wide.  The  stirring  speed  was 
thus  made  constant  within  the  limits  of  constancy  of  the  motor  speed 
itself,  and  varied  during  a  10  or  12  hours'  run  no  more  than  2%.  Abso- 
lute constancy,  such  as  might  have  been  provided  by  a  synchronous 
motor,  was  unnecessary,  since  during  measurement  the  actual  speed  could 
be  and  was  easily  measured  at  half -hour  intervals,  and  corrected  for  this 
slight  variability  with  sufficient  precision.  The  mechanism  was  ad- 
justed, in  determination,  to  a  speed  of  55.0  to  56.0  strokes  per  minute 
over  a  traversed  space  of  40  mm.,  after  it  had  been  shown  by  test  that  12 
such  strokes  were  sufficient  to  render  a  mass  of  water  underlaid  with 
dense,  dyed  sugar  solution,  of  a  volume  equal  to  that  which  was  to  be 
1  The  process  of  mixing  is  described  on  p.  1917ft. 
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measured,  apparently  homogeneous  in  refracted  light.  The  speed  was 
invariable  throughout  a  series  of  measurements;  and  the  length  of  stroke 
was  made  the  same  in  every  experiment  and  invariable  in  each  of  these 
to  within  a  millimeter,  by  suitable  mechanism  of  adjustment.  By  a 
simple  device,  the  inner  stirring  could  be  interrupted  with  ease  at  any 
stroke  without  interference  of  the  bath  stirring,  which  was  continuous 
and  always  sufficiently  rapid  to  prevent  significant  lag  in  the  maintenance 
of  thermal  homogeneity. 

Mechanism  for  Effecting  Solution. — For  reasons  already  discussed,1 
mixture  was  brought  about  in  these  determinations  by  dissolving  dry 
sucrose  in  acid.  It  was  obviously  advantageous  to  use  as  large  a  mass 
of  sucrose  as  could  be  conveniently  accommodated  by  the  calorimeter, 
and  at  the  same  time  quickly  enough  dissolved.  In  order  to  effect  a 
quick  solution,  it  was  necessary  that  the  sucrose  be  delivered  into  the 
acid  suddenly  from  above  in  such  a  way  that  it  could  not  accumulate  in 
any  considerable  mass  at  the  bottom,  and  that  during  this  operation  the 
solid  be  scattered  throughout  the  acid  by  rapid  agitation.  Provision 
against  the  gradual  wetting  of  the  sample  while  it  was  being  held  within 
the  system  during  the  long  period  in  which  thermal  equilibriiun  was  being 
established  at  the  desired  initial  temperature  also  had  to  be  provided. 
The  final  result  of  several  attempts  to  meet  these  necessities  was 
the  apparatus  designated  BB  in  Fig.  1.  The  sample  of  very  finely 
pulverized  and  very  dry  sucrose,  about  35  g.  in  weight,  was  held  in  a 
fragile  bulb  of  glass,  weakened,  and  in  the  final  determinations  put  under 
strain,  by  having  been  flattened  in  the  blow-pipe  into  a  roughly  polyhedral 
shape,  and  sealed  at  a  constricted  part  of  the  stem  close  to  the  body. 
Within  the  calorimeter,  this  bulb  was  held  in  a  basket  of  gold-plated 
copper,  so  designed  that  when  immersed  in  the  calorimeter  acid,  this 
liquid  would  have  free  access  to  every  part  inside.  The  bulb  rested  on 
three  chisel  edges,  immediately  above  a  small  crown  of  points  which 
ringed  a  central  orifice  at  the  bottom.  The  basket  hung  from  a  stiff 
framework  of  gold-plated  copper  wire  so  reinforced  that  although  light 
and  easily  detachable  it  nevertheless  held  the  basket  quite  rigidly  to  a 
large  vulcanite  tube  which  supported  the  whole.  This  tube  extended 
through  the  chimney  designed  to  accommodate  the  mechanism,  and  was 
held  concentrically  within  it  by  a  detachable  rubber  ring,  capped  with 
a  brass  flange  at  the  top,  so  that  when  the  whole  apparatus  was  assembled, 
the  basket  occupied  a  definite  position  just  submerged  beneath  the  calorim- 
eter acid. 

Attached  to  a  smaller  and  considerably  longer  vulcanite  tube  weighted 
with  lead,  which  could  move  freely  within  the  larger  one  that  held  the 
basket,  a  chisel  fashioned  out  of  silver  rod  and  heavily  plated  with  gold 
1  This  Journal,  42 ,  1302  (1920). 
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was  held  suspended  over  the  bulb,  by  a  removable  ■  pin  wjbuch  rested  on 
the  flange  of  the  larger  tube.  This  chisel  was  surrounded  by  a  frame  <rf 
wire,  firmly  attached  to  the  vulcanite  tube  into  which  it  was  tapped* 
which  carried  at  a  point  about,  10  mm.  above  the  cutting  edge  a  per- 
forated circular  plate,  designed  to  serve  as  a  mixing  stirrer  within  the 
basket.  The  entire  chisel-stirrer  construction  could  be  operated  rapidly 
by  hand  in  such  a  way  as  to  crush  as  well  as  stir  the  contents  of  the  basket; 
and  could  also  be  attached  to  the  stirrup  of  the  external  stirring  mechan- 
ism by  a  small  chain  and  pulley  arrangement  which  was  so,  adjusted  that 
when  connection  was  made  the  basket  stirrer  moved  simultaneously  with 
that  in  the  calorimeter,  but  in  opposition  to  it. 

When  it  was  desired  to  start  the  reaction,  the  chisel  was  allowed  to  fall 
upon  the  bulb;  and  this,  now  broken,  was  further  crushed  between  the 
plate  of  the  basket  stirrer,  operated  momentarily  by  hand,  and  the  sharp 
edges  within1  the  basket  upon  which  it  rested.  The  crown  of  points  at 
the  bottom  effectively  prevented  the  retention  of  sugar  by  any  cap* 
shaped  fragment.'  The  basket  stirrer  was  then  attached  to  the  stirring 
mechanism  so  that  working  in  conjunction  with  the  calorimeter  stirrer,  it 
effectively  washed  the  basket  free  from  all  accumulations  of  solid.  The 
greater  bulk  of  the  sugar  slush  thus  formed  fell  upon  the  lower  plate  of  the 
calorimeter  stirrer,  where  it  was  held  by  a  finely  perforated  piece  of  gold 
foil  attached  to  the  plate  for  this  purpose,  and  was  carried  up  and  down 
through  the  acid  by  the  motion  of  the  stirrer. 

In  this  way  the  solution  of  the  sugar  wis  made  sufficiently  rapid,  and 
by  careful  routine  manipulation,  after  a  little  practice,  uniformly  so.1 

Thermometry. — The  calorimetric  thermometers  used  were  closely 
similar  instruments  made  to  specification  early  in  1913.  They  were  of  a 
type  previously  found  most  suitable  in  work  of  this  character;  lferge 
bulbed  mercury  thermometers  resembling  metastatic  instruments  of  the 
Beckmann  type,  which  registered,  however,  the  definite  temperature  rang& 
of  1 5-2 1  °  in  0.010  intervals.  The  length  of  a  degree  on  each  scale  was 
more  than  68  mm.,  so  thkt  by  the  uste  of  a  hand  lens  it  was  possible  to 
read  intervals  of  0.0005 °  w*h  a  precision  greater  than  that  which  is 
usual  in  reading  0.0010  intervals  on  similar  thermometers  of  the  usual 
dimensions. 

These  instruments  probably  represented  the  limiting  efficiency  of  mer- 
cury-in-glass thermometers.  They  showed  very  slight  indication  of 
capillary  friction  either  on  rising  or  on  falling  thread;  their  registrations 

1  It  is  dear  that  the  procedure  here  described  or  one  closely  similar  may  be  used 
for  the  mixing  of  any  solid  sufficiently  soluble,  or  of  any  liquid  sufficiently  dense  with  a 
reacting  liquid,  in  analogous  calorimetric  processes.  Simple  modification  would  make 
it  generally  suitable  for  the  mixing  of  liquids,  excepting  in  cases  where  these  would 
react  with  glass. 
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were  nevef  altered  more  than  0.0005 °  by  tapping,  and  usually  not  at  all; 
their  threads  were  never  found  broken  even  after  long-continued  and 
violent  agitation;  and  when  read  with  a  telescope  to  0.0001  °,  both  falling 
and  rising  threads  showed  a  strictly  continuous  motion  of  the  meniscus. 
If  the  precision  of  their  standardization  and  the  limit  of  calorimetric  ac- 
curacy had  justified  the  procedure,  they  might  have  been  read  accurately 
to  =*s*o.oooi°  in  this  m&iiner.  They  were  very  sensitive.  The  measured 
coeflficient'for  external  pressure,  o. 000243 °  per  millimeter  for  both  instru- 
ments, was  sufficiently  large  to  make  the  influence  of  changing  barometric 
pressure  a  source  of  possible  error  in  the  long-continued  measurements. 
This  effect,  therefore,  was  always  estimated,  though  as  it  happened  no 
correction  for  it  ever  had  to  be  applied.  The  lags  of  both  instruments 
(determined  in  a  simple  manner  which,  because  of  its  convenience,  may 
merit  future  remark),  were  the  same,  the  total  lag  under  conditions  of 
maximum  convection  being  30  seconds  for  both  instruments,  and  inde- 
pendent of  total  temperature  change  within  a  range  of  0.50.  This  lag 
was'  insufficient  to  affect  the  present  measurements  excepting  during  the 
period-  of  most  rapid  change,  and  had  to  be  taken  into  consideration 
therefore,  only  in  determining  the  form  of  the  curves  of  solution  (p.  1926). 

The  thermometers  were  standardized  by  comparison  with  normal  in* 
struments  which  had  been  made  by  Baudin  and  fully  corrected  to  the 
hydrogen  scale  by  the  Bureau  des  Poids  et  Mesures,  in  19 13.  The  pre- 
cision of  the  comparison,  which  included  16  registrations  between  19.540 
and  20.230  was  estimated  to  be  consistently  within  =*=o.ooi°,  but  was 
probably  closer  than  this.1 

In  measurement,  the  corrections  for  stem  exposure  were  very  small, 
and  their  well  known  uncertainty  consequently  negligible;  since  the  en- 
vironmental temperature  was  always  roughly  constant  and  within  0.50 
of  the  calorimetric.  To  maintain  this  constancy,  however,  it  was  found 
necessary  to  protect  the  entire  stem  of  the  calorimetric  instrument  by  a 
mirror,  which,  in  every  measurement,  was  placed  between  it  and  the  body 
of  the  operator. 

In  order  that  the  calorimeter  and  bath  thermometers  should  always 
register  definitely  comparable  temperatures  (a  matter  of  the  utmost  con- 
sequence in  the  maintenance  of  adiabatic  condition)  the  bath  thermo- 
meter; which  could  not  be  immersed  to  the  level  of  scale  readings,  was 
supported  in  such  wise  that  the  thkk  thread  between  scale  and  bulb  was 
surrounded  by  a  closely  fitting  cylinder  of  heavy  copper  plate,  itself  pro- 
tected by  a  larger  cylinder  of  silvered  glass.  Since  both  cylinders  were 
half  immersed  in  the  bath,  the  lower  thread  of  the  thermometer  was  thus 
held  at  bath  temperature.  Both  thermometers  were  further  insulated 
above  their  points  of  support  by  silvered  glass  tubes  packed  with  wool; 
>  See  the  data  of  Table  VI,  p.  1938. 
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and  this  insulation  extended  to  the  same  points  on  the  two  thennometric 
scales.  By  these  devices  (C  and  D  in  Fig.  i),  the  stem  exposures  of 
the  two  instruments  were  made  identical,  and  thus  negligible  in  a  com- 
parison of  their  registrations. 

A  source  of  thennometric  error  which  seems  not  to  have  been  observed 
or  at  any  rate  emphasized  heretofore  was  noticed  during  the  calorimetric 
measurements.    At  the  end  of  each  determination,  the  final  condition, 
which  should  have  been  that  of  constant  temperature,  was  tested  by 
holding  the  whole  system  as  closely  as  possible  at  equilibrium  for  an  hour. 
In  these  tests,  under  the  usual  environmental  conditions,  a  rise  of  o  .00005  ° 
per  minute  was  always  observed.    This  rise  was  very  much  greater  than 
that  due  to  the  very  slight  stirring,  and  was  the  same  whether  the  tem- 
perature of  the  room  or  that  of  the  bath  were  above  or  below  that  of  tlie 
calorimeter;  but  if,  either  before  or  after  these  tests  were  made,  the  in- 
candescent tungsten  filament  lamps  of  the  constant  temperature  closet 
were  extinguished  and  the  system  still  kept  in  equilibrium  by  flash-light 
observations  and  adjustments,  there  was,  after  the  lapse  of  15  minutes, 
no  subsequent  measurable  temperature  change  whatever;  that  is,  in  the 
dark  the  system  was  constant  to  =1=0.0005 °.    These  observations,  con- 
firmed by  the  results  of  various  modified  procedures,  seemed  to  indicate 
that  the  registration  of  encased  mercury  thermometers  is  sensibly  af- 
fected by  radiant  heat  from  ordinary  artificial  illumination.    The  reason 
is  not  far  to  seek:  it  is  without  doubt  what  may  be  called,  in  a  word,  a 
"greenhouse"  effect;  and  may  be  prevented  or  minimized  not  only  by 
using  light  screens  with  all  encased  thermometers  directly  illuminated, 
but  also  by  opening  the  shells  of  such  instruments  to  permit  free  circula- 
tion of  air  around  the  thread  tubes.    The  phenomenon  is  at  present  being 
quantitatively  investigated. 

Bath  Adjustment  and  Control. — In  the  adiabatic  calorimetry  of  swift 
reactions  it  is  not  impossible  to  control  the  bath  by  hand  sufficiently 
well  to  reduce  the  error  from  thermal  leakage  to  almost  negligible  magni- 
tude.1 If  accessory  devices  for  automatic  regulation  be  employed,  this 
error  may  be  still  further  reduced,  even  beyond  the  limit  of  thennometric 
precision.2  It  is  conceivable  that  similar  regulation  of  the  bath  during 
the  progress  of  slow  reactions  might  be  made  likewise  effective;  but  the 
precision  of  adjustment  would  have  to  be  enormously  increased  to  ac- 
complish such  result,8  and  any  procedure  seemingly  adequate  for  the  pur- 

1  Richards  and  Barry,  This  Journal,  37t  1010,  1012ft  (191 5). 

2  Richards  and  Davis,  ibid.,  39, 344ft  (191 7).  Note  especially  the  curves  on  p.  346. 
See  also  Richards  and  Osgood,  ibid.,  37,  1918  (1915). 

1  The  necessary  thermal  equilibrium  could  doubtless  be  indicated  with  sufficient 
precision  and  with  least  danger  from  direct  conduction  leakage,  by  a  multiple  thermo- 
element spanning  the  space  between  calorimeter  and  bath;  and  the  regulation, 
to  be  comparably  exact,  would  then  have  to  be  automatically  controlled  by  the  thermo- 
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pose  would  still  be  open  to  criticism  unless  simultaneously  with  regula- 
tion the  maintenance  of  requisite  precision  were  continuously  and  rigor- 
ously tested.  For  these  reasons  it  was  not  attempted  in  this  investiga- 
tion to  eliminate  thermal  leakage;  but  rather  to  control  it  within  narrow, 
limits,  in  such  way  that  on  the  basis  of  accessory  measurements  which 
defined  the  relation  between  actual  leakage  and  thermal  head  with  the 
system  employed,  it  could  be  safely  corrected  for. 

The  bath  was  a  dilute  solution  of  alkali,  the  temperature  of  which 
could  be  gradually  raised  or  lowered  with  equal  facility  by  drips  of  dil. 
sulfuric  acid  and  of  ice-water.1  The  ice-water  was  contained  in  a  well 
insulated  bucket  high  above  the  calorimeter,  flowed  through  a  double- 
walled  tube  of  glass  wrapped  in  thick  felt,  only  a  few  centimeters  of  which, 
in  the  region  of  the  attached  stopcock,  was  left  exposed,  and  dripped 
into  the  bath  at  a  point  diametrically  opposite  to  the  bath  thermometer. 
It  was  determined  by  test  that  the  insulations  provided  were  sufficient 
to  prevent  any  significant  cooling  of  the  air  near  the  thermometers.  The 
dil.  sulfuric  acid  drip  was  similarly  arranged.  Both  drips  were  under 
fairly  constant  pressure  during  any  single  determination,  and  their  rates 
of  flow  were  very  precisely  controlled  by  long-handled  stopcocks  lubri- 
cated with  grease  sufficiently  viscous  to  prevent  maladjustment  from 
jarring.  As  essential  accessories,  and  as  provision  against  emergency  or 
accident,  an  insulated  beaker  of  broken  ice  and  water,  a  stoppered  Dewar 
cylinder  of  hot  water,  and  a  small  buret  of  cone,  sulfuric  acid  clamped 
securely  above  the  bath  were  also  kept  in  readiness. 

With  this  apparatus  the  bath  was  controlled  during  the  preperiod,  and 
throughout  the  long  period  of  slow  temperature  change  which  followed 
solution.  Since  the  air  of  the  closet-thermostat  was  held  at  the  tem- 
perature of  reaction,  the  bath  was  normally  about  20  lower.  It  was, 
therefore,  continuously  heated  by  the  dil.  acid  drip,  so  regulated  that 
during  15  minutes  its  temperature  relative  to  that  of  the  calorimeter 

element  itself.  It  is  easy  to  imagine  a  workable  mechanism  of  this  character  which 
would  serve  for  the  measurement  of  continuously  exothermal  processes;  and  its  practical 
adaptation  to  the  measurement  of  endothermal  changes — as  by  combination  with  ice- 
water  cooling  in  the  bath,  or  by  introduction  of  measured  energy  into  the  calorimeter — 
is  likewise  not  inconceivable.  Such  devices  have  been  more  than  once  suggested,  as 
separately  applicable  in  special  cases.  But  the  complete  machine  constructed  so  as  to 
follow  both  type9  of  change  in  the  course  of  one  continuous  process  (which  the  present 
problem  would  require)  seems,  surely,  a  premature  conception. 

1  Chemical,  in  comparison  with  electrical  heating,  is  disadvantageous  only  with 
respect  to  the  danger  of  possible  leakage  by  corrosion,  and  of  loss  of  control  in  long 
continued  operations  by  accidental  exhaustion  of  reacting  material.  By  electrical 
heating,  the  lag  in  thermal  distribution  may  be  reduced,  but  at  the  cost  of  a  lessened 
sensitivity  in  minute  adjustment;  and  since  the  distribution  lag  is  less  than  that  of  the 
thermometers,  the  advantage  still  remains  with  the  chemical  procedure.  It  is  obvious 
that  the  ice- water  drip  is  necessary  in  any  case. 


Digitized  by 


Google 


1922  FREDERICK  BARRY. 

would  gradually  rise  or  fall  to  no  more  than  o.oi  °  of  thermal  head.  This 
condition  was  easily  and  quickly  established;  and  during  reaction  could 
be  maintained  without  difficulty  by  occasional  readjustment  of  the  rate 
of  acid  flow.  When  the  bath  had  risen  about  0.0050  above  or  had  fallen 
0.0050  below  the  point  of  equilibrium,  its  temperature  was  readjusted 
by  adding  ice-water  or  cone,  acid  in  such  determined  quantity  that  the 
temperature  difference  15  seconds  later  was  the  same  but  in  the  opposite 
sense.  By  this  procedure  the  bath  fluctuation,  sufficiently  defined  by 
frequent  thermometric  readings,  was  made  roughly  periodic  about  the 
temperature  of  reaction,  and  the  mean  divergence  from  equilibrium  corre- 
spondingly reduced. 

In  the  2-  or  3 -minute. period  which  immediately  succeeded  the  breaking 
of  the  bulb,  the  calorimetric  temperature  fell,  and  then  rose  too  rapidly 
to  be  followed  by  the  drips.  By  anticipating  the  first  thermometric 
indication  of  temperature  fall,  its  approximate  rate  and  its  magnitude,  it 
was  possible  without  difficulty  to  keep  the  bath  during  this  time  withih 
0.030  or  0.040  of  the  calorimetric  temperature,  and  at  the  lowest  tem- 
peratures reached  (at  which  possible  error  from  thermometric  lag  Was 
greatest)  more  closely  than  this,  by  successive  additions  of  ice-tifrater 
and  of  acid  from  the  accessory  supplies.  This  manipulation,  althdugh' 
sufficiently  effective,  was  always  hurried,  and  prevented  careful  thernw*- 
metric  reading  dining  the  first  minutes  of  reaction.  In  the  final  de- 
terminations, therefore,  the  temperature  fall  was  followed  automatically 
by  use  of  an  ice-water  buret.  This  was  a  straight  glass  tube  about  3 
cm.  in  diameter,  jacketed  by  2  larger,  concentric  glass  tubes  and  thus 
insulated  by  2  narrow  dead-air  spaces.  It  was  provided  witlh  a  glass 
stopcock  of  large  orifice  and  a  set  of  standardized  tips,  and  was  graduated 
in  0.010  intervals  over  the  maximum  range  of  temperature"  fall.  "By 
reference  to  the  heat  of  solution  measurements,  the  actual  fall  for  any 
determination  could  be  roughly  estimated  in  advance  frbiti  thfe  sample 
weight;  and  the  approximate  lapse  of  time  from  initial  to  minimal  tem- 
perature determined.  In  each  measurement  during  the  preperiod  the 
buret  was  chilled  by  filtered  ice-water  from  the  accessory  supplies,  was 
then  filled  with  the  requisite  quantity  of  the  same  material,  previously 
held  at  0.0 °  and  poured  through  crushed  ice  in  a  Buechner  filter;  and  was 
stoppered  and  fitted  with  a  tip  which  would  deliver  its  contents  in  the 
predetermined  time.  It  was  then  fixed  vertically  near  the  drips  and 
kept  in  readiness  for  not  more  than  30  minutes  before  the  breaking  of 
the  bulb.  It  was  shown  by  tests  that  dining  this  time  its  contents  were 
not  warmed  sufficiently  either  to  alter  its  temperature  significantly,  or 
to  affect  the  stem  temperatures  of  the  thermometers.  A  second  before 
the  bulb  was  broken  the  ice-water  buret  was  opened.  It  naturally  de- 
livered its  contents  exponentially,  so  that,  while  it  emptied,  the  falling 
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temperature  of  the  bath  followed  that  of  the  calorimeter  closely;  and 
since  during  this  time  the  thermometers  could  be  read  with  ease  at  half- 
minute  intervals,  the  temperature  differences  between  calorimeter  and 
bath  were  most  precisely  measured.  The  minimum  bath  temperature 
was  never  more  than  0.02 °  higher  or  lower  than  that  of  the  calorimeter, 
and  was  easily  and  rapidly  adjusted  to  close  equilibrium  immediately 
afterward. 

The  effect  of  bath  fluctuation  on  the  calorimeter  temperature  was 
calculated  from  the  results  of  a  series  of  tests,  in  which,  under  different 
environmental  conditions,  definite  differences  of  temperature  between 
calorimeter  and  bath  were  maintained,  with  the  smallest  possible  fluctua- 
tion, for  times  varying  between  40  and  60  minutes.  The  results  of  these 
tests  are  tabulated  in  Table  I,  A  (p.  1924).  They  show  that  for  differences 
of  less  than  0.2  °  and  greater  than  0.05  °  the  rate  change  of  calorimeter 
temperature  is  proportional  to  the  thermal  head  maintained,  is  of  the 
same  absolute  value  for  the  same  thermal  head  whether  the  bath  is  higher 
than  the  calorimeter  or  lower1  and  is  not  influenced  by  environmental 
temperature  when  this  is  kept  within  one  degree  of  the  calorimetric. 
With  reference  to  these  data,  on  the  basis  of  the  legitimate  assumption 
that  the  relations  they  exhibit  will  obtain  for  smaller  thermal  heads,  cor- 
rection was  made  in  each  determination  for  imperfect  adiabaticity.  The 
curve  of  temperature  change  within  the  calorimeter  was  plotted  as  a 
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Fig.  2. — Bath  temperature  fluctuation. 

1  These  results,  which,  with  reference  to  this  calorimeter,  app  ar  to  be  unequivocal, 
are  not  in  accord  with  cerain  observations  of  Richards  and  Burgess  (This  Journal, 
3af  449  (ioio))  who  noticed  a  much  greater  rate  of  change  when  the  bath  was  lower. 
This  discrepancy  is  doubtless  ascribable  to  differences  in  the  conditions  of  experiment 
in  the  two  cases. 
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straight  line  on  heavy  coordinate  paper;  and  upon  this  line  as  axis  of 
reference  the  curve  of  bath  temperature  fluctuation  was  plotted  large  by 
straight  line  interpolation.  Segments  of  2  such  plots  from  the  records 
of  actual  determinations!  which  show  the  determined  points  and  very 
clearly  exhibit  the  general  character  of  the  fluctuation,  are  here  included 
(Fig.  2).i 

Table  I. 

A. — Influence  of  Temperature  Difference  Between  Bath  and  Calorimeter  on  Rate 

Change  of  Calorimetric  Temperature. 


Temp,  of  bath 
relative  to  temp. 
of  calorimeter.     — 0.20*. 

—0.10 

°.          —0.05°.        +0.05°.        .  +0.10°. 

Environmental 
temps. 
+0.20°.        •  C. 

Rates  of 

. 

.       +0 

00024 

19.8 

change  in 

— 0 .  00050  — 0 .  00025 

...    +0 

OOO5O 

20.0 

calorimetric 

... 

—0.OO050 

...    +0 

.OOO42 

20 . 2 

tempera  ure 

20.4 

(in  degrees 

20.6 

per  minute). 

... 

.       +0 

00023 
...       -fo 

...    +0 

OOO47 
O0O5O 

20.8 
2I.O 
21.2 

" 

— - 0.00100 — 0.00050 

+O.OOO97      21-4 

21.6 

— 0.00096 

— O.OO 

025 

...       -fo 

00050 

21.8 
22.0 

B. — Data  on 

Maintenance  of  the  Adiaba 

ic  Condition  from  Measurements  of  the  Heat 

of  Inversi 

on  of  Sucrose. 

Expt.  No. 

Heat  interchange 
between  calorim- 
eter and  bath 
(inflow  +  outflow) 
Total         (in  gram  calories). 

time  of       * * * 

maintenance                  Per  100 
(in  minutes).   Total,     minutes. 

Heat  gained  by 
calorimetric  system 
(inflow  —  outflow) 
(in  gram  calories). 

Per  100 
Total.         minutes. 

Heat 
capacity 
of  the 
system 
(in  gram 
calorie 
units). 

Temperature 

correction 
for  imperfect 
adiaba  ticity. 
°C. 

I 

..      I6l 

45 

2.8 

—1.7 

— I.I 

IO080 

-f  0.002 

2 

• .      234 

6.7 

2.8 

— 2.0 

—0.9 

IOI9 

•f  0.002 

3 

.  .      253 

57 

23 

— 1.0 

—0.4 

I    18 

+O.OOI 

6 

..      186 

34 

1.8 

*o.o 

=*o.o 

IOO6 

=*=O.COO 

,  7 

.  .      232 

4-2 

2.0 

+2.0 

+0.9 

IO29 

— 0.002 

t-i 

1 

.  •      334 

9  3 

2.8 

— 1.0 

—0.3 

IOO7 

+O.OOI 

2 

. .     375 

12.3 

33 

+1.0 

+0.3 

IO06 

— O.OOI 

3 

..     398 

8.1 

2.0 

—0.5 

— O.I 

I007 

+0.0005 

.  4 

..     412 

8.6 

2.1 

+0.9 

-fo.2 

1 147 

— O.OOI 

The  branches  of  each  curve  thus  drawn  having  been  distinguished  as 
upper  or  lower  by  proper  designations,  the  areas  between  them  and  the 
line  of  reference  were  cut  out  as  closely  as  possible,  and  the  upper  branch 
areas  weighed  against  the  lower  ones.  From  the  data  so  obtained,  the 
weight  of  unit  area  of  the  paper  being  determined  for  each  curve,  the 
total  temperature  change  within  the  calorimeter  due  to  this  fluctuation 
1  The  second  curve  illustrates  the  control  of  the  bath  when  the  environmental 
temperature  is  high,  a  condition  unfavorable  to  measurement,  but  not  impracticable. 
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could  be  readily  calculated.1    It  was  never  greater  than  0.002°,  the  anti- 
cipated maximum. 

All  significant  data  relative  to  the  actual  bath  temperature  fluctua- 
tion in  the  completed  determinations  of  the  heat  of  inversion  of  sucrose 
are  collected  in  Table  I,  B  (p.  1924).  These  data  clearly  show  that  in 
measurement,  error  in  the  correction  for  imperfect  adiabaticity  is  wholly 
negligible. 

Measurement  of  Heats  of  Solution.    Accessory  Data. 

The  first  measurements  carried  out  with  the  apparatus  and  according 
to  the  procedures  described  above  were  a  series  of  determinations  of  the 
heat  of  solution  of  sucrose  in  water;  and  of  anhydrous  a-glueose  in  water, 
and  in  hydrochloric  acid  of  the  concentration  used  in  the  subsequent 
determinations  of  inversion  heat.  The  collected  results  of  these  experi- 
ments served  to  test  the  adequacy  of  the  means  adopted  for  insuring 
quick  and  a  complete  solution,  to  determine  the  form  of  the  solution 
curve  in  the  inversion  measurements,  and  to  provide  data  for  a  compari- 
son of  solution  heats  in  water  and  in  acid. 

The  results  of  the  first  dependable  measurements  made  with  sucrose 


Solution  Curves  for*Suc*o3£*i  Water 
Plotted  from  Onc  Initial  Point 


are  summarized  in  Table  II,  A.    The 
corresponding  curves  appear  in  Fig. 
3  and  the  data  derived  from  them  in 
Table  IV,  A.    Although  these  mea- 
surements were  widely  scattered  in 
time,  and  were  carried  out  under  a 
variety  of  conditions  and  by  vary- 
ing procedure  without  the  use  of 
the  ice-water  buret,  and  with  bulbs  ^ 
of  various  design  only  gently  flat-  £ 
tened,  the  calorimetric  data  they  * 
yield  are  fairly  satisfactory.    The  ^ 
results  of  the  second  series  of  like  § 
determinations,  in  which  the  ice-  ^  m- 
water  buret  was  used,  and  the  bulbs 
put  under  strain,  are,  however,  more 
precise.     These   appear  '  in   Table 
II,  B.   The  corresponding  curves  are 
plotted  with  those  of  the  first  series 
in  Fig-  3»  and  *&*  dftta  derived  from 
them  are  in  Table  IV,  B.  A  compari- 
son of  corresponding  values  in  the  Fig.  3. — Sucrose  solution  curves. 

1  The  use  of  the  planimeter  for  integrating  curves  of  this  character  will  have  no 
advantage  over  the  above  procedure,  a  possible  gain  in  time  being  more  than  com- 
pensated by  a  loss  in  precision. 
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2  series  shows  clearly  the  greater  precision  attained  by  the  use  of  the  ice- 
water  buret,  and  the  greater  speed  of  solution  made  possible  by  the  use 
of  bulbs  under  strain. 

Of  greater  present  interest  are  the  curves  of  solution.  In  Fig.  3,  the 
sucrose  curves  of  the  first  series  have  all  been  plotted  through  deter- 
mined points  without  any  smoothing  out,  and  extrapolated  to  the  origin  in 
every  case  on  the  assumption  that  they  are  exponential;  the  constant 

for  each  curve  (  p  —  —  log  — • )  having  been  determined  from  the 

entire  temperature  range  (T0  —  Ti)  and  the  temperature  at  the  first  de- 
termined point,  marked  on  the  curve  by  an  open  circle.  The  exponential 
curve  thus  defined  has  been  plotted  across  the  time  interval  covered  by 
the  determined  points  and  has  been  found  to  be  very  close  to  the  experi- 
mental curve  in  every  case,  and  actually  coincident  with  it  in  the  case 
of  Curve  11.  On  account  of  the  relatively  large  error  in  fixing  the  times 
at  which  solution  began,  and  of  the  practical  impossibility  of  making  ac- 
curate readings  during  the  initial  period  of  rapid  fall,  the  plotted  initial 
slopes  of  these  curves  are  certainly  more  widely  varying,  and  these  plotted 
curvatures,  consequently,  less  closely  exponential  than  the  actual.  It 
appears,  therefore,  from  the  general  approach  to  coincidence  between 
the  actual  and  the  derived  curves  that  the  process  of  solution  is  in  this 

nr  7* 

case  very  closely  exponential   in  the  sense  pt  =  log  — -;  and  the 

T —  T\ 

data  (Table  IV,  A)  show  that  p  is  the  same  for  all  curves  within  a  narrow 

margin  of  fluctuation. 

In  the  second  series  of  sucrose  measurements,  the  automatic  control 

of  bath  temperature  by  the  ice-water  buret  made  it  possible  to  trace  the 

actual  curves  of  temperature  fall  to  points  much  nearer  the  origin;  so 

that  from  them  the  change  in  curvature  could  be  determined  directly. 

These  curves  were  found  to  be  of  such  character  that  if  formulated  as 

p  =  —  log  — -\  p  was  not  a  constant  for  any  curve,  but  decreased 

t         T —  T\ 

with  increase  in  t  between  similar  limits  in  all  cases.  This  variability 
is  to  be  attributed  for  the  most  part  to  the  greater  speed  of  solution  brought 
about  by  the  use  of  bulbs  under  strain.  In  the  first  minute  of  fall,  reading 
error  and  thermometric  lag  were  on  this  account  relatively  large,  and 
the  dissolving  process,  in  a  mixture  still  inhomogeneous,  was  most  rapid 
in  the  immediate  vicinity  of  the  thermometer  bulb.  All  these  conditions 
contributed  to  make  p  variable.  After  two  minutes  of  fall,  however,  p  be- 
came nearly  constant  and  practically  the  same  for  all  curves  measured, 
as  in  the  first  series  of  measurements.  Toward  the  end,  p  diminished 
slightly;  but  this  effect  was  interpreted  as  due  probably  to  the  slow  solu- 
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QIO 


Solution  Curves 
Glucose  in  Water 

AND 

in  Acid 


tion  of  trapped  sugar  as  in  Determinations  6  and  8  of  the  first  series. 

The  curves  of  the  second  series  are  doubtless  typical;  the  irregularities 

utiq | ! | !  they  exhibit  being  common  to  all 

such  curves,  but  relatively  insignifi- 
cant excepting  when  speed  of  solu- 

oo5# 1 1 1 1  tion  is  very  rapid.    The  constant  p 

is  thus  subject  to  greater  variability 
the  larger  its  value  is.  Since  in  the 
determination  of  concurrent  effect 
in  inversion  determinations  and  the 
like,  it  is  the  ordinate  i/p  which 
enters  into  the  calculations,1  the  in- 
fluence of  such  variability  upon 
precision  of  measurement  remains 
small,  therefore;  and  as  experiment 
shows,  actually  decreases  with  in- 
crease in  the  speed  of  solution,  so 
that  the  maximum  speed  of  solution 
remains  the  most  advantageous 
speed,  practically  as  well  as  theo- 
retically. It  is  also  clear  from  the 
theory  already  developed2  that  the 
error  introduced  into  a  measurement 
by  uncertainty  in  the  value  of  i/p 
increases  with  the  slope  of  the  curve 
of  inversion.  It  is,  therefore,  disad- 
vantageous to  increase  the  initial 
speed  of  reaction  beyond  a  fairly 
well  defined  limit  of  the  value  k/p9 
where  k  is  the  constant  of  inver- 
sion. In  the  present  measurements 
0.0115 


Time  in  fAi mites 
Fig.  4. — Glucose  solution  curves. 


this  limiting  ratio  was  found  to  be  about 


=  0.026.     With  this 


0.44 


ratio,  the  error  introduced  by  uncertainty  in  the  value  of  p  was  =*=o.ooi  °; 
in  the  determinations  actually  carried  out,  with  bulbs  under  strain  in 
1 .  64  molar  hydrochloric  acid  to  final  concentration  of  3.5  to  4%  solu- 
tion, the  ratio  was  — =  0.008,  and  the  error  negligible.    The  re- 

14 

1  See  This  Journal,  42,  i3oiff  (1920). 

1  For  the  purpose  in  view,  invert  sugar  would  have  been  the  better  substance  to  use. 
The  measurements  with  a-glucose,  however,  weie  of  greater  interest;  and  when  com- 
puted for  different  time  intervals  showed  that  within  experimental  error,  varying 
speeds  of  mutarotation  did  not  affect  the  form  of  the  curve  of  solution  heat. 
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suits  of  this  series  appear  in  Table  II,  B ;  the  corresponding  curves  in 
Fig.  3,  and  the  data  derived  from  them  in  Table  IV,  B. 

Three  measurements  were  made  of  the  heat  of  solution  of  anhydrous 
a-glucose  in  water,  and  2  of  its  heat  of  solution  in  1.6  molar  acid.  The 
results  of  this  series  are  summarized  in  Table  III;  the  corresponding 
curves  appear  in  Fig.  4,  and  the  data  derived  from  these  in  Table  IV,  C  and 
D.  The  curves  of  these  measurements  show  that  within  the  experimental 
error,  no  more  significant  in  this  case  than  in  that  of  the  sucrose  measure- 
ments, the  constant  of  solution  is  the  same  for  water  and  acid.  It  fol- 
lows, by  analogy,  that  the  value  of  p  determined  for  the  solution  of  sucrose 
in  water  by  an  established  uniform  procedure  may  be  taken  without 
significant  error  as  equal  to  that  for  its  solution  in  1 .6  molar  acid.  Thus 
the  value  of  p  for  the  inversion  measurements  was  satisfactorily  deter- 
mined. That  it  may  be  still  more  precisely  measured  without  altering 
in  any  way  the  mechanism  for  effecting  solution  is  evident;  but  this  would 
probably  necessitate  the  employment  of  chronographic  observations, 
which  would  be  justifiable  only  if  similar  care  in  observation  were 
justifiable  in  the  inversion  measurements;  and  such  would  hardly  be 
the  case  so  long  as  mercury  instruments  with  considerable  lag  were  em- 
ployed. 

For  the  temperature  and  acid  concentration  decided  upon  as  best  for 
the  heat  of  inversion  measurements,  namely  20 °  and  1.6  molar  concen- 
tration, the  isothermal  constant  for  the  inversion  of  sucrose  by  acid 

(k  =  —  log )  had  never,  apparently,  been  determined.    It  was 
t          a  —  xJ 

necessary  that  the  exact  value  of  this  constant  and  its  isothermal  varia- 
bility under  the  adopted  conditions  of  measurement  be  known.  The 
determination  of  this  constant  was  made  at  a  thermostatic  temperature 
of  20 °  ±  0.020,  according  to  established  procedure  and  very  carefully, 
by  Dr.  W.  C.  Vosburgh,  to  whom  the  writer  desires  to  express  in  this 
place  his  great  obligation.  The  data  provided  by  these  measurements  ap- 
pear in  Table  V,  A  and  B.  It  is  clear  from  this  record  that  sucrose,  while 
being  inverted  at  this  temperature  by  1.6  molar  hydrochloric  acid,  is 
not  affected  by  any  measureable  side  reaction;  that  under  these  conditions 
the  inversion  proceeds  in  the  theoretical  manner  of  monomolecular  re- 
action within  observable  error;  and  that  the  constant  of  inversion  is  in- 
variable for  a  range  of  sucrose  concentration  greater  than  that  of  the 
calorimetric  work.  In  another  set  of  measurements  Dr.  Vosburgh  showed 
that  under  the  same  conditions  the  acid  was  without  perceptible  effect 
upon  the  products  of  hydrolysis  within  a  full  day  after  inversion  began.1 
1  Compare  the  experiments  of  M.  M.  Harrison  (This  Journal,  36,  597  (1914)), 
which,  as  reported,  are  inconclusive  with  respect  to  the  action  of  acids  of  greater  con- 
centration than  0.7  molar. 
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TABLB  V. 
Isothermal  Inversion  of  Sucrose  by  1.6  Molar  Hydrochloric  Add  at  20.0  °. 


Time 

(in  minutes). 

1. 

Observed 

angular  rotation 

(in  degrees). 

Percent, 
inverted. 

X. 

Isothermal  constant 

*— rkw(r=i 

A:  Sucrose    concentration 

■  3g.  in  100  g.  of  the 

mixture 

0 

(3-46)- 

O 

15 

3.34 

6.2 

3.12 

73 

O.O053I 

15. 1 

2.69 

16.6 

0.00522 

35.1 

I.84 

35  O 

0.00533 

75  0 

O.70 

59  6 

O.O0525 

135  0 

— O.30 

81.2 

O.OO538 

00 

—1. 17 

100 

Average,  0.00530 

B:  Sucrose    concentration 

■■  5  g.  in  100  g.  of  the 

mixture 

0 
i.j 

(575)- 
557 

0 

... 

6.0 

5-21 

70 

O.O0525 

11. 6 

473 

132 

O.O0532 

21.4 

399 

22.9 

O.OO528 

394 

2.81 

38.2 

O.OO530 

69.5 

1.36 

570 

O.OO528 

127.4 

—0.33 

790 

O.O0532 

00 

—1.95 

100 

. 

Average 

,  O.OO529 

C:  Sucrose    concentration 

a  5  g.  in  100  g.  of  the 

mixture 

0 

(6.66)* 

(0) 

1.6 

6.29 

4-1 

133 

515 

16.9 

(0.00605) 

30.0 

3.76 

32.4 

O.OO567 

60.0 

1.80 

54-4 

O.O0568 

120.0 

— 0.42 

792 

O.OO571 

180.0 

—1-45 

90.6 

O.O0570 

420 

— 2.24 

99-6 

5io 

— 2.28 

(100. 0) 

600 

—2.28 

. . . 

690 

—2.26 

1410 

— 2.28 

Average,  0.00569 

Prom  A  and  B 

:  fti*  -  0 
*.  =0 

0053  )  for  both  concentrations 
0122  J 

*  Extrapolated  graphically. 

A  slight  coloration  appeared  upon  neutralization  of  the  samples  after  23 . 5 
hours;  but  no  change  of  rotation  was  then  observable  (see  Table  VI,  C).1 

1  The  higher  value  of  k  in  the  last  table  is  due  to  a  slightly  greater  concentration 
of  acid.  The  greater  angular  rotations  are  due  to  the  fact  that  in  the  first  measure- 
ments sodium  light  was  used,  and  in  the  last,  mercury  vapor  light. 
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Finally,  from  these  data,  the  time  necessary  for  measurably  complete 
inversion  under  the  given  conditions  is  discovered  to  be  closely  9  hours. 
From  the  data  of  Nelson  and  Beegle1  it  is  known  that  long  before  this 
time  has  elapsed  the  mutarotation  of  the  products  of  inversion  will  have 
been  complete,  so  that  the  heat  of  inversion  for  the  full  period  will  include 
heat  of  mutarotation. 

Measurement  of  the  Heat  Inversion. 

Of  the  heat  of  inversion  of  sucrose  by  acid  2  series  of  determinations 
were  made.  The  measurements  of  the  first  series,  though  consistent  with 
those  of  the  second,  were  relatively  in/exact,  and  need  not  be  considered 
here.  Those  of  the  second  series,  more  precise,  were  conducted  in  the  fol- 
lowing invariable  manner.  The  calorimetric  apparatus  having  b£en 
adjusted  and  tested,  the  closet  thermostat  was  heated  to  20. o°,  and 
maintained  at  this  temperature  for  an  hour  or  so,  while  other  prepara- 
tion was  in  progress,  all  necessary  precautions  being  taken  against  the 
possibility  of  excessive  partial  lag  in  coming  to  equilibrium.  The  bulb 
containing  the  sucrose  sample,  the  partial  weights  of  which  were  already 
known,  having  been  tested  for  fracture  by  immersion  in  distilled  water 
and  dried,  was  adjusted  to  proper  position  in  the  calorimeter  basket, 
and  the  whole  inner  calorimetric  mechanism  assembled,  suspended  from 
the  jacket  cover.  The  desired  volume  of  constant  boiling  acid  was  then 
approximately  measured  out  into  a  graduated  cylinder,  transferred  into 
the  clean  calorimeter  vessel,  and  balanced  with  its  container  against  a 
fixed  tare  by  pipetting  to  =^0.01  g.,  diluted  with  purest  water  while 
balanced  against  a  second  tare  to  within  a  gram  or  so  of  the  desired  total 
weight,  and  finally  adjusted  by  pipetting  in  such  a  way  as  to  avoid  the 
removal  of  more  than  2  or  3  drops  of  liquid  to  within  about  =*=o.o5  g. 
of  equilibrium.  The  filled  vessel,  covered  with  a  flat  perforated  glass 
plate,  was  then  warmed  to  a  temperature  slightly  higher  than  that  de- 
sired on  an  electric  stove — its  temperature  being  taken  by  a  thermometer 
previously  wetted  by  acid  of  approximately  the  calorimeter  acid  concen- 
tration— readjusted  without  removal  of  liquid  to  within  =*=o.o2  g.  of  equi- 
librium, and  placed  inside  the  calorimeter  jacket.  After  the  insulation 
had  been  electrically  tested,  the  whole  calorimetric  apparatus  was  as- 
sembled and  nicely  adjusted  with  the  basket  immersed,  the  stirring  be- 
gun, and  the  bath  brought  gradually  to  exact  thermal  equilibrium  with 
the  calorimeter.  The  dil.  sulfuric  acid  drip  was  then  adjusted  so  as  to 
maintain  this  condition  as  closely  as  possible;  and  thereafter  for  30 
minutes  or  more,  while  the  initial  stirring  correction  was  being  taken  and 
the  system  examined  for  possible  irregularity  of  behavior,  the  bath  was 
regulated  in  the  manner  already  described.2    When  the  stirring  correc- 

1  This  Journal,  41,  574  (191 9). 
*  Page  192 1. 
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tion  was  found  to  be  constant  for  a  sufficient  time,  the  mirror  protecting 
the  calorimeter  thermometer  was  removed,  and  then  in  quick  succession 
the  ice-water  buret  was  opened,  the  bulb  was  broken,  its  fragments  crushed 
and  the  contents  of  the  basket  rapidly  stirred  for  15  seconds  by  hand 
the  inner  stirrer,  then,  was  attached  to  the  mechanical  stirring  arrange- 
ment, the  mirror  replaced,  and  the  fall  of  calorimetric  temperature  closely 
observed  by  half-minute  readings.  The  whole  time  occupied  by  this 
manipulation  was  usually  much  less  than  a  minute.  Owing  to  the  rigidity 
of  the  construction  it  was  easily  carried  out  in  a  routine  manner,  without 
causing  any  displacements,  such  as  would  involve  scraping  by  the  calorim- 
eter stirrer,  or  any  other  irregularity  of  behavior.  During  the  manipula- 
tion the  temperature  of  the  partially  insulated  calorimetric  thermometer 
stem  rose  slightly;  but  it  was  shown  by  blank  tests  that  a  degree  of 
warming  greater  than  this  did  not  affect  its  registration.  The  pre- 
vious measurements  on  the  heat  of  solution  of  sucrose  in  water  had 
shown  that  in  its  final  form  the  breaking  apparatus  was  so  effective 
that  excepting  in  rare  instances  no  significant  amount  of  sugar  was 
protected  from  solution  by  the  accidental  disposition  of  bulb  frag- 
ments. Whenever  this  had  occurred,  or  whenever  any  other  ac- 
cident had  caused  an  irregular  speed  of  solution,  the  thermometer 
always  showed  some  recognizable  indication  of  the  fact.  The  form  of 
the  solution  curve  plotted  at  the  conclusion  of  each  determination  was, 
therefore,  taken  as  a  criterion  in  judging  the  dependability  of  the  measure- 
ment in  this  particular.  It  never  showed  significant  irregularity.  At 
the  end  of  the  temperature  fall,  the  thermometer  rose  after  very  slight 
delay.  This  rise  was  followed  for  a  few  minutes  by  the  addition  of  cone, 
sulfuric  acid  from  the  accessory  buret,  to  the  bath;  after  it  had  Become 
uniform,  the  dilute  acid  drip  was  readjusted,  and  thereafter  the  bath  was 
controlled  as  in  the  preperiod.  Continuous  stirring  was  maintained  for 
30  minutes  or  more,  as  a  precautionary  measure,  although  in  all  proba- 
bility a  shorter  period  would  have  been  quite  safe.  Thereafter  the  sys- 
tem was  stirred  intermittently  by  a  counted  number  of  strokes  in  groups, 
immediately  following  and  preceding  the  thermometric  readings,  which 
were  taken  in  pairs.  These  pairs  of  readings  were  always  identical  within 
p. 0005 °,  and  showed  clearly  that  the  intermittent  stirring,  although  it 
was  so  slight  as  to  cause  a  total  rise  of  only  0.0020  or  0.0030  in  the  6 
or  more  hours  during  which  it  was  applied,  was  quite  sufficient  to  main- 
tain a  thermal  homogeneity  measurably  constant. 

Since  for  the  purpose  of  estimating  the  heat  of  inversion  alone  by  the 
process  of  extrapolation  discussed  in  the  first  section  of  this  paper,1  it  was 
necessary  that  the  form  of  the  reaction  curve  be  known  within  the  nar- 
rowest possible  margin  of  observation  error,  the  thermometric  readings 
1  This  Journal,  42,  1297!!  (1920). 
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were  taken  at  frequent  intervals  dining  the  whole  course  of  the  change; 
in  the  preperiod  at  intervals  of  5  minutes,  in  the  period  of  rapid  change 
at  intervals  of  one-half  and  of  one  minute,  and  in  the  period  of  inversion 
at  intervals  of  from  2  to  10  minutes.  The  bath  temperatures  were  simul- 
taneously read,  and  in  the  period  of  slower  change  more  often,  so  as  to 
ensure  as  nearly  as  possible  a  regularly  periodic  variation.  The  tempera- 
ture change  was  never  rapid  enough,  considering  the  thermometric  error, 
to  necessitate  chronographic  observations;  the  time  for  each  thermo- 
metric reading  was,  therefore,  taken  with  an  ordinary  but  accurately  regu- 
lated watch.  The  rate  of  stirring  was  taken  at  intervals  of  30  minutes 
throughout  the  entire  period  of  measurement,  with  an  accuracy  of  0.05%; 
and  barometric  observations  were  made  at  the  beginning  and  at  the  end 
of  each  determination.  The  humidity,  during  the  whole  series  of  measure- 
ments, was  found  to  be  high  and  not  significantly  variable,  by  psychro- 
metric  measurements,  interpreted  by  the  results  of  previous  observa- 
tion upon  the  effects  of  widely  changing  humidity  at  higher  tempera- 
tures upon  the  rates  of  thermal  leakage  between  calorimeter  and  bath 
under  conditions  otherwise  fixed.  Finally,  the  illumination  was  the 
same  at  all  times. 

It  was  thought  unnecessary  and  probably  inadvisable  to  follow  each 
reaction  to  full  completion,  and  thus  to  magnify  the  possible  error  from 
thermal  leakage  for  the  sake  of  actually  observing  the  final  few  thousandths 
of  a  degree  of  temperature  rise.  The  reactions  were,  therefore,  observed 
during  times  which  ensured  a  close  approach  to  completion,  and  the  final 
temperature  computed,  by  successive  approximation  from  the  known 
minimum  temperature  as  a  starting  point,  by  the  application  of  iso- 
thermal kinetic  equations  involving  each  the  mean  constant  of  inversion 
determined  by  the  corrected  curve  of  observed  temperature  change. 
This  procedure  was  legitimate,  since  the  heat  of  reaction,  which  was 
measurably  the  same  for  the  isothermal  and  the  adiabatic  conditions,1 
alone  was  involved,  and  since  for  the  minute  range  extrapolated  the  error 
of  approximation  in  the  inversion  constant  used  was  insignificant.  It 
was  determined  by  calculation  that  the  largest  possible  error  introduced 
in  this  process  was  quite  negligible. 

At  the  end  of  each  such  measurement  the  stirring  was  stopped,  but 
the  mechanism  of  the  constant-temperature  closet  left  in  operation; 
and  the  calorimetric  system  was  allowed  to  rest  for  2  hours  or  more  under 
the  same  external  conditions.  After  this  interval  it  was  definitely  known 
that  the  reaction  of  inversion  would  have  come  to  an  end,  and  that  no 
consecutive  reaction  would  have  occurred  (p. )  1933.  Thereupon,  the  system 
was  again  brought  to  precise  apparent  equilibrium,  and  this  condition 
was  maintained  with  very  slight  intermittent  stirring  for  an  hour  or  more. 
1  This  Journal,  42,  1308  (1920). 
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The  probable  effect  of  radiation  upon  thermometric  registration  already 
described  (pp.  1920-1)  was  thus  detected.  The  calorimeter  again  under 
illumination  was  then  continuously  stirred  for  40  minutes  at  an  observed 
rate,  while  very  precise  adjustment  of  the  bath  was  still  maintained,  and 
the  final  rate  of  temperature  change  due  to  this  effect  determined.  This 
rate  was  always  measurably  constant,  and  excepting  in  the  last  determina- 
tion, the  same  for  all.  Bach  complete  measurement  required  from  12  to 
14  hours  of  attention  and  about  7  +  3  hours  of  continuous  observation. 

After  the  completion  of  a.  measurement,  the  wholly  corrected  tem- 
perature readings  were  plotted  against  time  observations  on  codrdinate 
paper  sufficiently  large  to  permit  the  distinction  of  0.0005 °  differences. 
The  correction  for  imperfect  adiabaticity  was  then  determined  and  the 
data  examined  to  discover  whether  or  not  irregularity  in  the  fluctua- 
tion of  bath  temperature  would  have  effected  the  form  of  the  curve  of 
observed  temperatures  (the  Experimental  Curve  in  Fig.  5).  No  such  effect 
was  ever  discovered.  Since  it  was  already  known1  that  changes  in  heat 
capacity  as  the  reaction  progressed  would  not  affect  the  temperature 
readings  beyond  the  thermometric  error,  it  remained  only  to  apply  a 
correction  for  heat  of  stirring  to  obtain  the  true  temperature  curve  of  the 
change.  This  was  done  in  the  following  way.  The  final  stirring  correc- 
tion was  taken  as  applicable  to  the  whole  period  during  which  it  was  ap- 
plied, from  the  end  back  to  the  time  at  which  minimum  temperature 
was  reached;  on  the  basis  of  the  assumptions,  first,  that  during  this  period 
the  concentration  was  sufficiently  constant,  and,  second,  that  the  viscosi- 
ties of  the  sucrose  solution  and  that  of  the  derived  glucose  solution  were 
nearly  enough  the  same.  Accessory  measurements  of  stirring  heat  im 
aqueous  solutions  of  sucrose  and  glucose  of  corresponding  but  greater 
concentration  showed  that  this  last  assumption,  which  alone  needed  con- 
firmation, was  justifiable.  Significant  variations  in  the  stirring  speed 
were  corrected  for  upon  the  basis  of  the  assumption  that  the  rate  change 
of  temperature  due  to  stirring  was  proportional  to  the  square  of  the  num- 
ber of  strokes  the  reciprocating  stirrer  made  in  unit  time.  This  approx- 
imation, in  view  of  the  very  slight  variation  of  the  observed  stirring  rate, 
was  more  than  sufficiently  close.  Correction  of  this  sort  was  always 
slight;  it  hardly  affected  the  form  of  the  derived  curve,  and  introduced 
a  correction  never  greater  than  0.0010  in  the  estimated  total  heat  of 
stirring.  The  temperature  change  due  to  stirring,  thus  corrected,  was 
calculated  for  each  10-minute  interval  of  the  reaction  period,  was  graph- 
ically subtracted  from  the  corresponding  observed  temperatures  of  the 
experimental  curve,  and  through  the  new  temperatures  thus  fixed  a  smooth 
curve  of  reaction  was  drawn.  (See  Fig.  5.)  In  every  case  this  curve 
was  very  precisely  defined  by  the  determined  points.  In  the  process  of  ' 
1  See  This  Journal,  42,  1299. 
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"smoothing  out"  no  such  point  fell  more  than  0.002 °  away  from  the 
probably  correct  position,  and  very  few  as  far  out  as  this.  The  magni- 
tude of  the  combined  effects  of  reading,  thermometric  correction  and  acci- 
dental experimental  error  on  the  form  of  the  reaction  curve  was  thus 
roughly  indicated.  The  temperature  toward  the  end  of  each  measure- 
ment was  always  very  nearly  constant,  although  the  actual  reaction  at 
this  time  was  more  than  2  hours  short  of  measurable  completion. 

From  this  curve  for  any  reaction  it  was  possible  to  calculate  the  em- 
pirical constant  of  inversion  fof  any  small  temperature  range,  by  using 
the  isothermal  equation,  which  over  short  segments  was  strictly  applica- 
ble. The  curves  for  all  determinations  were  examined  in  this  way;  the 
constant  being  calculated  for  10-minute  intervals  measured  from  ordi- 
nates  5  fiiinutes  apart  over  2  hours  of  the  plotted  range.  The  values 
thus  obtained,  which  at  20.0  °  were  measurably  identical  with  the 
isothermal  values  otherwise  determined  by  Dr.  Vosburgh  (Table  V,  A) 
showed  with  remarkable  clearness  a  continuous  increase  in  the 
value  of  the  constant  with  rising  [temperature.  The  values  shown 
in  Table  VI,  taken  from  the  curve  ^apparently  least  affected  by  experi- 
mental error,  show^the  manner  and  magnitude  of  this  variation,  the  in- 
terpretation of  which  will  be  discussed  later.  £  At  present  it  is  relevant 
Heat  of  Inversion  or  Sucrose  by  Acto   Catalysis 
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Fig.  5. — Curves  of  inversion. 
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to  note  only  that  the  succession  of  differences  between  the  constants  of 
adjacent  segments  could  be  precisely  extrapolated  back,  from  times  at 
which  the  system  was  surely  homogeneous  to  the  initial  time,  so  that  the 
curve  itself  could  be  similarly  extended  and  completed.  This  was  done  in 
every  case,  and  the  temperature  (T*  in  Fig.  5)  at  which  the  extrapolated 
curve  cut  the  ordinate  of  initial  time  (t  =  o)  thus  determined.  It  was 
then  possible  by  a  variety  of  graphical  constructions  described  in  the  first 
section  of  this  paper1  to  determine  the  temperature  (7\>  in  Fig.  5)  at  which 
the  inversion  would  have  begun  had  solution  been  instantaneous,  and 
thus  to  separate  the  2  thermal  effects  of  solution  and  reaction.  Among 
these,  the  best  method  was  that  called  the  Approximate  Tangent  Con- 
struction.2 This  in  practise  was  found  to  be  as  exact  as  the  theoretically 
preferable  Exact  Tangent  Construction,8  on  account  of  its  greater  sim- 
plicity and  precision.  The  two  yielded  in  test  constructions  the  same 
initial  temperature.  In  the  measurements  of  this,  the  second  series, 
the  Approximate  Curve  Construction4  also  gave  identical  results,  as  a 
consequence  of  the  high  speed  of  solution  brought  about  by  the  use  of 
bulbs  under  strain.  The  Minimum  Construction,5  however,  yielded 
values  which  varied  from  the  preceding  by  ±0.002°,  as  had  been  antic- 
ipated. In  drawing  the  tangent  of  the  accepted  construction,  advan- 
tage was  always  taken  of  the  fact  that,  assuming  the  curve  to  be  of  the 

j* 7* 

form  kt  =  log  — -,  the  tangent  would  intersect  the  abscissa  of  the 

T2 —  T 

final  temperature  (Ts)  at  t  =  i/k„  kt  being  the  isothermal  inversion  con- 
stant in  Naperian  logarithms.  To  eliminate  error  in  the  application  of 
this  relation  to  the  adiabatic  curve,  the  value  ke  was  taken  as  the  mean 
of  the  corresponding  initial  and  final  empirical  constants.  That  this  pro- 
cedure was  sufficiently  exact  is  apparent  from  an  inspection  of  Table 
VI,  which  shows  that  over  the  interval  t  =  o  to  t  =  i/ke  the  determined 
temperature  coefficient  of  k  was  constant  within  the  probable  error  of 
measurement. 

In  this  manner  4  consecutive  determinations  were  carried  out,  the  re- 
sults of  which  are  summarized  in  Table  VII.  This  table  illustrates  in 
detail  the  preceding  observations.  The  heat  of  inversion  of  sucrose  is 
determined  to  be  10.4  gram  calories  per  gram;  and  the  heat  of  solution 
of  sucrose  in  1.64  molar  hydrochloric  acid,  to  3.6%  concentration'of 
sucrose,  4.35  gram  calories  per  gram.6    The  discrepancies  between  the 

1  This  Journal,  42,  1295  (1920). 

*  Ibid.,  p.  1304. 
8  Ibid.,  p.  1303. 
4  Ibid.,  p.  1305. 
1  Ibid.,  p.  1307. 

•  Among  these  measurements  the  first  alone  was  affected  by  known  accidental  error. 
In  this  case  it  was  found  in  the  routine  analysis  of  calorimeter  liquid  made  after  measure- 
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several  results  show  a  variation  from  the  mean  which  corresponds  to  a 
thermometric  variation  of  about  ±0.003 °,  for  both  heats,  and  thus  con- 
firms the  probability  that  the  correction  for  imperfect  adiabaticity  in- 
volves slight  variable  error.  It  is  noticeable  that  the  heat  of  solution  of 
sucrose  in  acid  is  distinctly  different  from  its  heat  of  solution  in  water. 

Remarks  on  Error. 

The  following  results  were  almost  surely  unaffected  by  uncertainty 
due  to  concomitant  reactions  or  to  change  in  concentration  during  measure- 
ment. The  reacting  materials  were  all  of  the  purity  demanded  by  the 
most  exact  procedures  of  quantitative  analysis,  and  were  neither  visibly 
nor  measurably  affected  by  storage  or  manipulation.  The  various  minute 
precautions  taken  to  ensure  this  very  necessary  prerequisite  of  exact 
measurement  will  be  discussed  in  a  later  communication,  but  may  be 
omitted  here;  since  the  results  submitted,  though  fairly  precise,  are  illus- 
trative rather  than  final. 

In  the  measurements,  the  time-reading  error  was  never  greater  than 
10  seconds,  and  in  the  periods  of  rapid  change  no  more  than  3  seconds,  as 
was  shown  by  check  readings.  Error  in  the  record  of  time  intervals  and 
of  total  time  was  shown,  by  standardization  of  the  watch  used,  to  be  negli- 
gible. It  is  thus  certain  that  no  error  in  time  measurement  affected  the 
final  results,  since  thermometric  readings  taken  during  the  period  of 
rapid  change  were  not  used  in  extrapolation. 

The  thermometric  reading  error  was  =*=o.ooo5°.  The  calibration  error, 
well  fixed  not  only  by  the  maimer  of  thermometric  standardization 
but  by  the  results  obtained  in  evaluating  the  temperature  coefficient 
of  the  constant  of  inversion  (Compare  Columns  3  and  10  in  Table  VI), 
was  probably  not  greater  than  =±=0.001  °.  Thermometric  error  caused  by 
change  in  external  pressure  was  known  to  be  negligible;  that  due  to  possi- 
ble change  in  ice  point  during  a  determination  was  assumed  to  be  so, 
since  the  thermometers  were  never  subjected  to  temperature  changes 
exceeding  10  °  during  a  whole  year.  The  correction  for  the  effect  of 
change  in  environmental  temperature  upon  the  exposed  thermometer 
stems  is  negligible  so  far  as  the  influence  of  conduction  is  concerned;  but 
the  effect  of  radiation  from  the  sources  of  illumination — the  possible 

ment  that  copper  had  been  dissolved  both  from  the  jacket  cover  by  splashing  and  from 
the  calorimeter  stirrer  through  an  abrasion  of  the  gold  plate.  The  result  of  this  de- 
termination is  known,  therefore,  to  be  too  high,  but  the  manner  of  the  accident  has 
prevented  the  application  of  a  dependable  correction.  Because  the  data  it  provides 
have  a  certain  value,  the  determination  has  been  tabulated;  but  its  final  results  are 
excluded  from  the  averages. 

The  accident  referred  to  was  caused  by  the  sudden  explosion  of  the  bulb,  which 
having  been  put  under  too  great  a  strain,  was  blown  into  minute  fragments  and  in  part 
pulverized.  In  the  later  determinations,  the  inner  surface  of  the  jacket,  as  well  as  the 
abraded  area,  was  protected  by  paraffin,  but  no  such  explosion  again  occurred. 
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"greenhouse  effect"  already  commented  upon — is,  unless  all  signs  fail,  far 
from  insignificant.  (See  p.  1920.)  Since  throughout  the  series  the 
illumination  was  practically  invariable,  however,  this  effect  will  have 
introduced  a  constant  error,  experimentally  measurable.  Subject 
to  a  correction  so  determined,  the  accumulated  thermometric  errors 
amount  to  no  more  than  ±0.002°  or  0.5%. 

Error  in  the  correction  for  thermal  leakage,  insofar  as  this  is  caused 
by  radiation,  or  by  air  conduction  and  convection,  is  negligible,  unless 
the  results  of  the  accessory  measurements  described  on  p.  1923  are  called 
in  question,  since  the  comparative  registrations  of  the  calorimetric  and 
bath  thermometers,  which  were  twin  instruments  of  equal  lag,  equally 
exposed  (pp.  1918,  191 9)  were  precisely  known,  and  since  the  curves 
of  bath  temperature  fluctuation  were  rather  minutely  defined  and  inter- 
preted with  negligible  error  of  approximation.  The  possible  continuous 
thermal  interchange  between  calorimeter  and  environment  by  direct 
conduction  through  thermometer  and  stirrer  rods  during  the  7  or  8  hours 
of  measurement  seems  also  to  be  very  small  (p.  1920)  but  demands  further 
investigation. 

The  final  rate  change  in  temperature  due  to  stirring  was  subject  to  an 
uncertainty  not  greater  than  ±0.00003°  per  minute;  and  its  correction 
for  variation  in  stirring  speeds  during  measurement  (p.  1936)  was  negligi- 
ble, since  rates  of  stirring  were  frequently  observed  and  were  known  to 
vary  no  more  than  2%,  and  regularly.  The  maximum  error  in  the  stirring 
correction  (that  of  Determination  No.  4,  in  which  stirring  was  unneces- 
sarily continued  for  65  minutes)  was,  therefore,  ±0.002°,  or  0.5%. 

The  correction  for  incomplete  reaction,  the  maximum  value  of  which 
was  +0.0045°  (m  Determination  No.  2)  is  doubtless  unaffected  by  error 
in  every  case  (p.  1935). 

By  a  fairly  complete  examination  of  the  geometrical  constructions 
used  in  separating  the  concurrent  effects  of  solution  and  inversion — an 
examination  based  upon  estimates  of  the  possible  errors  involved  in  the 
values  of  p  and  k,  and  extended  by  observations,  of  divergence  between 
the  results  yielded  by  different  constructions  on  the  same  curve,  each 
affected  by  such  error — it  has  been  discovered  that  the  error  involved  in 
the  practical  application  of  the  accepted  methods  of  extrapolation  is 
never  necessarily  greater  than  ±0.002°,  or  0.5%. 

The  sum  of  these  several  possible  errors  approximates  ±0.006°,  or 
±1.5%.  This  value  defines  the  probable  extreme  discrepancy  due  to 
known  causes,  which  is  likely  to  be  shown  by  the  results  of  such  a  series 
of  measurements.  The  actual  variability  for  this  series  is  ±1.2%, 
which  indicates  that  the  real  precision  of  measurement  was  only  slightly 
affected,  if  at  all,  by  unsuspected  factors  of  uncertainty. 
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Form  of  the  Reaction  Curve. 
This  inference  is  confirmed  by  the  form  of  the  determined  curves  of  re- 
action. These  were  not  only  very  smooth  (see  page  1930,  and  Table  VI,  A) 
but  they  yielded  a  temperature  coefficient  of  the  constant  of  inversion 
for  the  first  hour  of  reaction  which  was,  within  thermometric  reading  error, 
the  same  for  all  dependable  measurements  (Table  VI,  B).  This  result 
implies  directly  that  the  divergence  of  these  empirical  curves  from  the 
isothermal  form  is  due  either  to  natural  cause  or  to  constant  error.  Since 
the  adiabatic  and  isothermal  heats  of  reaction  are  sensibly  the  same,1 
the  only  adequate  natural  cause  would  seem  to  be  the  effect  of  rising 
temperature  on  the  value  of  the  inversion  constant.    To  this  effect,  the 

Marcelin  equation —  =  2  closely  applies,  when  for  this  reaction 

E  is  taken  as  25,000  calories;  as  Lamble  and  Lewis  have  shown.8    It 

yields  for  the  absolute  temperature  and  range  in  these  determinations 

the  measurably  invariable   approximate  value  dk/dt  =  0.000 1,  while  the 

mean  of  the  empirical  values  tested  in  Table  VI,  B  is  dk/dt  =  0.00025.    The 
T  T 

values  of  — - — ?  in  Table  VII  provide  further  evidence  of  the 

T2  —  T3 

same  import.  These  are  more  widely  variable  than  the  empirical  tem- 
.  perature  coefficients,  since  unlike  the  latter  they  record  direct  observa- 
tions of  particular  temperatures,  and  not  averages.  Their  mean  is  0.648. 
The  corresponding  value  for  the  isothermal  curve  is  0.632,  and  that  of 
the  adiabatic  curves  calculated  as  above,  0.641.  The  rough  agreement 
thus  shown  between  the  empirical  results  and  those  of  theoretical  cal- 
culation for  the  adiabatic  condition  is  close  enough  to  suggest  that  the 
original  divergence  of  the  exponential  curves  of  reaction  from  isothermal 
form  may  have  been  due  to  natural  cause  alone;  for  it  cannot  be  assumed 
that  the  present  measurements  embody  all  of  the  errors  involved  in  these 
comparisons.  It  appears  more  probable,  however,  that  constant  errors, 
the  aggregate  effects  of  which  upon  reaction  speed  are  of  comparable 
magnitude,  affect  the  present  determinations.4,5    It  is  the  primary  pur- 

1  hoc.  tit.,  This  Journal,  43, 1308  (1920). 

*  Marcelin,  Compt.  rend.,  158,  116  (1914). 

*  /.  Chetn.  Soc,  107,  233  (1915)* 

*  It  is  believed  that  the  small  discrepancies  here  recorded  will  soon  be  more  de- 
finitely interpreted,  in  the  course  of  current  investigation.  This  result  is  desirable  for 
other  than  calorimetric  reasons.  If  constant  error  in  measurements  like  those  de- 
scribed can  be  demonstrably  eliminated  or  accurately  corrected  for,  it  will  become 
possible  to  determine  any  desired  variety  of  adiabatic  velocity  coefficient  and  with 
greater  precision  their  continuous  variability  over  small  selected  temperature  ranges 
by  direct  observation  of  energy  changes  alone,  and  thus  without  dependence  on  any 
specific  properties  of  the  reacting  material.    The  precision,  such  measurement  if  re- 
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pose  of  investigations  now  in  progress  to  trace  the  causes  of  such  possible 
residual  error.  A  considerably  greater  precision  of  measurement  is  still 
possible  without  abandoning  the  facile  and  dependable  mercury  thermo- 
meter. Within  a  narrower  margin  of  variation,  therefore,  the  known 
constant  errors  can  be  measured.  Of  these,  the  effect  of  radiation  on 
thermometric  registration  and  that  of  thermal  leakage  by  direct  conduc- 
tion are  now  being  examined;  while  a  check  upon  the  whole  procedure, 
which  incidentally  provides  a  means  for  testing  directly  the  validity  of 
the  correction  for  imperfect  adiabaticity  and  the  error  of  extrapolation, 
will  be  provided  by  the  results  of  a  series  of  measurements  now  in  progress 
on  the  heat  of  hydrolysis  of  sucrose  by  invertase. 

In  conclusion,  the  writer  desires  to  express  his  keen  sense  of  personal 
obligation  to  the  President  of  Columbia  University,  and  to  former  col- 
leagues of  the  Columbia  Departments  of  Physics  and  Chemistry,  by 
whose  generous  interest  and  hospitality  the  immediate  completion  of  an 
interrupted  work  was  made  possible. 

Summary. 

i.  A  procedure  is  described,  whereby  the  heat  of  inversion  of  sucrose  by 
hydrochloric  acid, — an  exothermal  reaction  which  involves  a  partially  con- 
current and  endothermal  heat  of  mixture,  and  which  under  favorable  con- 
ditions continues  for  9  hours, — is  measured  with  a  precision  largely  deter- 
mined by  the  characteristic  errors  of  precise  mercury  thermometry. 

2.  The  adiabatic  method,  which  alone  is  applicable  in  such  determina- 
tion, is  thus  shown  to  be  generally  adequate  for  the  precise  calorimetric 
measurement  not  only  of  swift  reactions  but  of  any  reaction  which  at  or- 
dinary temperature  requires  less  than  a  day  for  its  completion. 

3.  A  way  is  thus  indicated  whereby  chemical  kinetic  and  total  energy 
data  may  in  general  be  directly  correlated.  The  procedure  itself  illus- 
trates such  correlation. 

4.  Incidently,  the  procedure  suggests  a  general  and  uniform  method  for 
the  precise  determination  of  adiabatic  velocity  coefficients,  and  thus  of  the 
temperature  coefficients  of  velocity  constants,  by  energy  measurement 
alone. 

5.  Various  modifications  of  calorimetric  practise,  necessary  for  the 
measurement  of  slow  reaction  heats,  but  generally  applicable,  are  de- 
scribed. 

6.  Attention  is  called  to  a  probable  source  of  error  in  mercury  thermom- 
etry, due  to  the  effect  of  radiation  on  encased  thermometer  threads. 

sistance  thermometers  were  used,  would  be  at  least  comparable  with  that  of  optical, 
or  other  customary  procedure. 

*  Incidentally,  the  fixing  of  the  value  (Tt-\/kt  —  7i)  +  (7i  —  7i)  would  make 
possible  the  determination  of  T2l  T%  having  been  found  by  direct  extrapolation,  with- 
out carrying  the  measurement  beyond  the  time  /  ■■  i/jb#. 
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7.  The  following  data  are  submitted. 

Beat  of  inversion  of  sucrose  by  hydrochloric  acid  at  200  —  10.4  =*=  0.06 
gram  calories  per  gram. 

Heat  of  solution  of  sucrose  in  water  at  20  °  to  ca.  4%  sucrose  concentra- 
tion =  3.43  =*=  0.02  gram  calories  per  gram. 

Heat  of  solution  of  sucrose  in  1.64  molar  hydrochloric  acid,  at  20  °  to  ca. 
4%  sucrose  =  4.23  *  0.05  gram  calories  per  gram. 

Heat  of  solution,  anhydrous  a-glucose  in  water  and  in  1.64  molar  hydro- 
chloric add,  at  20 °  to  ca.  4%  glucose  =  13.9  ±0.1  gram  calories  per  gram. 

N«w  Youc  City. 


[Contribution  from  thb  Polytechnic  Institute  op  Warsaw.] 

ATOMIC  REFRACTION. 

By  W.  Swebntoslawski. 

Received  March  17.  1920. 

In  191 1,  F.  Eisenlohr1  published  new  calculations  of  the  refractivities 
of  carbon,  hydrogen,  and  other  atoms  in  organic  compounds.  These 
calculations  do  not  differ  from  those  used  by  J.  W.  Briihl,  because  both 
authors  assumed  that  the  molecular  refractions  of  the  organic  compounds 
are  equal  to  the  sums  of  the  refractions  of  the  separate  atoms. 

MD  -  2AD. 

According  to  this  supposition,  the  computation  of  atomic  refraction 
depends  on  the  average  value  of  the  refraction  of  the  CHj  group  and  those 
of  certain  atoms.  If,  however,  the  individual  atomic  refractions  show 
even  small  deviations,  this  method  cannot  be  used. 

In  order  to  determine  the  limits  of  variations  in  the  refractions  caused 
by  carbon  and  hydrogen  atoms  in  the  compounds  which  contain  only 
the  linkings  C-C  and  C-H,  I  have  used  the  following  method  of  calcula- 
tion. 

1.  If  we  denote  by  rc,  Th,  and  rCHf  the  refractions  for  the  D  lines  of 
carbon,  hydrogen,  and  the  CHa  group,  the  molecular  refraction,  MD,  of 
the  hydrocarbon  C*Hm  can  be  expressed  by  the  following  equation, 

MD  =  nrCHs  +  (w  —  2w)rH  +  2  Arc  +  ZArH,  (0 

or 

MD  -  nrCHs  +  (m  —  2»)rH  +  Z  Ar, 
where 

ZAr  =  ZArc  +  SArH. 
Equation  i  cannot  be  solved  when  the  increments  ZAr  are  not  known; 
therefore,  we  can  compute  the  quantities  rc  and  rH  only  by  reference  to 
several  chosen  compounds,  thus  obtaining  the  average  values  of  rc  and 
rH  on  the  supposition  that  Z  Ar  =  o. 
1  Z.  physik.  Chem.,  75,  605  (191 1). 
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2.  In  some  cases  it  is  more  advantageous  to  use  the  quantities  rC-c  and 
fc-H>  corresponding  to  refractions  of  the  atomic  Unkings  C-C  and  C-H, 
especially  when  it  is  desirable  to  compare  these  quantities  with  the  thenno- 
chemical  data.  It  is  clear  that  the  quantities  tc-c  and  tq-k  can  be 
computed  when  rc  and  rH  are  known,  for  we  have 

>c_c  =  o.5rc 
rc-n  =  'h  +  o.25rc. 
I  have  selected  as  the  basis  of  calculation  the  following  compounds, 
n-pentane,  2 -methyl-butane,  n-hexane,  w-octane,  di-isobutyl,  di-isoamyl, 
cyclopentane,  and  cyclohexane. 

Table  I  contains  the  values  of  the  molecular  refractions  MD  and  the 
equations  connecting  rCHt>  rn>  and  2Ar.  These  equations  were  solved 
by  the  method  of  least  squares. 

Tablb  I. 

Name.  Formula.  MD.                           Equation. 

1  n-Pentane C5H12  25.23  5'CH«  +  2fn  +  2 A  r  =  25.23 

2  wo-Pentane C*Hu  25.25  5'CH*  +  2fn  +  2 A  r  =  25.25 

3  n-Hexane C«Hn  29 .  84  6rcH»  +  2fH  +  2  A  r  =  29 .  84 

4  n-Octane CgHig  39 .  16  8rcH«  +  2fn  +  2  A  r  =  39 .  16 

5  Di-tVobutyl C8Hi8  39  1 1  8rcH«  +  2fH  +  2Ar  -*  39-" 

6  Di-isoamyl CwHM  48-33  iorcHj  +  2fn  +  2 A  r  =  48.33 

7  Cyclopentane CftHio  23 .  12  5^CHi  +  2Ar  —  23. 12 

8  Cyclohexane C6HW  27 .  72  6rcH«  +  2  A  r  =  27 .  72 

Upon  the  assumption  that  2Ar  =  o,  we  obtain  the  average  values  of 
rc  =  2.490,  rH  =  1.066,  and  rCHs  —  4.622,  for  our  8  selected  hydro- 
carbons. 

Table  II  contains  a  comparison  of  the  observed  and  calculated  values 
of  MD. 

Tablb  II. 

Name.  Formula.  MD  (obs.).  (calc).  Ar.  A%. 

n-Pentane C»HU          25.23  25.24  — 0.01  — 0.04 

wo-Pentane C&Hu          25.25  25.24  +0.01  +0.04 

n-Hexane C«Hu          29.84  29.86  — 0.02  — 0.07 

n-Octane CsHis          39- 16  39.  11  +0.05  +0.13 

Di-ixobutyl CsHia          39."  39-"  000  0.00 

Di-ttoamyl C10H22         48 .33  48.35  — 0.02  — 0.04 

Cyclopentane C6Hi0          23.12  23.11  +0.01  +0.04 

Cyclohexane CeHu          27.72  27.73  — 0.01  — 0.04 

A%  «  *o.o7 

The  small  differences  between  the  observed  and  calculated  values 
show  that  Ar  is  very  small,  and  that,  therefore,  it  is  very  probable  that 
the  atomic  refractions  remain  constant  in  the  8  compounds,  at  any  rate 
within  ±0.07%. 

Comparing  the  values  of  rc,  rH,  and  rCHs  thus  obtained  with  those  of 
F.  Eisenlohr 
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*c-  rH*  rCHr 

P.  Eisenlohr 2.418  1.100  4.618 

W.  Swientoslawski 2. 490  1.066  4.622 

Deviation  %  Deviation  %  Deviation  % 

-  +3.o%  -  —3.1%  -  +0.09% 

we  see  that  his  value  for  rCH,  is  in  sufficient  agreement  with  mine; 
those  for  rc  and  rH  differ  widely  (=fc3.o%). 

In  order  to  explain  why  Eisenlohr's  calculations  of  molecular  refrac- 
tions show  a  sufficient  agreement  with  the  direct  measurements,  it  should 
be  observed  that  the  value  of  MD  for  numerous  organic  substances  arises 
from  two  terms 

M  D  =  nrcm  +  2rx. 
The  first  term  wrcH«*  is  very  large,  while  the  second  one,  corresponding 
to  the  refraction  of  other  atoms  or  groups  in  the  molecule  is  always  small. 
Therefore,  small  errors  in  the  determination  of  the  values  of  rc  and  rH, 
etc.,  do  not  exert  any  marked  influence  on  the  calculated  values  of  AfD. 
Yet  the  determination  of  the  real  values  of  rc  and  rH  is  of  great  importance 
for  our  science. 

As  regards  our  computation,  we  can  only  maintain  that  the  value?  found 
for  rc  and  rH  correspond  to  the  average  values  of  atomic  refractions  in 
the  cases  of  the  8  compounds  cited.  By  using  a  larger  number  of  equa- 
tions, for  example, 

AfD  =  nrcHt  +  2fn  +  2  Ar  for  hydrocarbons  C*H2j|+2.      ]  containing 
Af 'd  =  wrcHt  +  2  Ar  for  hydrocarbons  C„H2j|.  only  the  link- 

M *D  =  wrCH*  —  2r h  +  2  Ar  for  hydrocarbons  C*H2j|_2.  fogs  C-C  and 
M*'d  =  wrCH»  —  4^h  +  2Ar  for  hydrocarbons  C„H2w—4.    J  C-H; 

and  by  introducing  new  hydrocarbons  CJ,H2n— 2,  C„H2w_^,  etc.,  it  is  proba- 
ble that  we  might  obtain  slightly  different  values  for  rc,  fH>  and  rCHt- 
Therefore,  this  problem  cannot  be  considered  definitely  solved. 

In  order  to  show  that  the  refraction  of  carbon  and  hydrogen  depends 
on  the  constitution  of  the  hydrocarbons,  in  Table  III  are  given  the  ob- 
served values  of  M D  for  several  compounds  and  those  calculated  from 
the  formula,  M D  =  2rc  +  2rH,  where  rc  and  rH  are  the  average 
•values  of  atomic  refraction  obtained  from  the  8  hydrocarbons  cited.  For 
this  purpose  the  methyl  derivatives  of  polymethylene  hydrocarbons  have 
been  chosen. 

It  is  interesting  to  observe  that  all  the  deviations  vary  between  o.oo 
and  +0.94%,  excluding  one  case  (1,1-dimethyl-cyclohexane,  where  A  = 
— 0.05%  according  to  Lange's  value).  In  some  cases  the  deviations  are 
very  remarkable;  for  example,  in  the  case  of  methyl-cyclohexane,  which 
has  been  investigated  so  carefully  by  Kishner  and  Eisenlohr,  the  consid- 
erable deviation  of  between  +0.34%  and  +0.37%  is  observed. 
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Tabu*  III. 

Name.  Formula.     MD.      Author.  »rce,.          Ar.  A%. 

Methyl-cyclohexane C7H14  32-47  Kishner  32 .35  +0. 12  +0.37 

Methyl-cyclohexane C7H14  32 .46  Eisenlohr  32 .35  +0. 11  +0.34 

1,1-Dimethyl-cyclohexane C8Hie  37. 12  Perkin  36.98  +0. 14  +0.38 

1,1-Dimethyl-cyclohexane C$Hifl  36.96  Lange  36.98  — 0.02  — 0.05 

1,2-Dimethyl-cyclohexane C$Hi«  37.02  Eykmann  36.98  +0.04  -f-o.  11 

1 ,3-Dimethyl-cyclohexane C8Hi«  37 .  26  Eykmann  36 .  98  +0.28  +0 .  76 

i ,4-Dimethyl-cyclohexane C«Hi«  37.28  Eykmann  36 .  98  +0 .  30  +0 .  8 1 

Dihydro-laurolene CgHie  37. 12  Perkin  36.98  +0. 14  +0.38 

Dihydro-«o-laurolene CgHu  36 .  99  Perkin  36 .  98  +0 .  01  +0 .  03 

1,2,4-Trimethyl-cyclohexane CtHis  41 .66  Eykmann  41 .60  +0.06  +0. 14 

1,2,4-Trimethyl-cyclohexane CsHig  41 . 75  Eykmann  41 .60  +0. 15  +0.36 

1,3,5-Trimethyl-cyclohexane C»Hm  41.99  Eykmann  41.60  +0.39  +0.94 

Pulegane C»His  41 .74  Eykmann  41 .60  +0. 14  +0.34 

Dihydro-campholene C9H18  41 . 66  Eykmann  41 . 60  +0.06  -fo- 14 

The  only  possible  conclusion  to  be  drawn  from  the  data  of  Table  III 
is,  that  the  refraction  of  carbon  and  hydrogen  in  the  8  selected  compounds 
is  not  identical  with  that  in  the  methylenic  polymethylene  hydrocarbons:  the 
introduction  of  the  CH*  group  produces  a  small,  but  appreciable  increase, 
Ar,  in  «the  molecular  refraction. 

In  another  paper  it  will  be  shown  that  the  methyl  group  exerts  a  similar 
effect  upon  the  heat  of  formation  of  the  atomic  Unkings  C-C  and  C-H. 

In  the  case  of  compounds  which  contain  other  atoms  in  the  molecule  (for 
example,  oxygen)  the  results  obtained  from  F.  Eisenlohr*  s  values  differ 
from  those  obtained  by  me,  and  the  differences  are  found  to  be  greater, 
the  larger  the  value  of  Srx  in  the  equation 

MD  =  nrCH,  +  2rx, 
where  wrCH,  corresponds  to  the  refraction  of  the  CHj  group  and  2rx  to 
that  of  the  rest  of  the  molecule. 
For  example,  in  the  case  of  ketones  and  aldehydes,  we  have 

2rx  =  r0  +  ZAr, 

where  r0  corresponds  to  the  refraction  of  oxygen  in  the  carbonyl  group. 
In  this  case  my  calculations  and  those  of  Eisenlohr  are  in  sufficient  agree- 
ment because  2rx  is  very  small. 

The  calculations  for  ketones  and  aldehy3es  are  given  in  Table  IV. 

Eisenlohr  assumes  r0  =  2. 211,  which  value  differs  from  mine  (r0  = 
2.196)  by  about  +0.67%. 

On  comparing  the  various  values  of  r0  in  Table  IV,  considerable  devia- 
tions from  the  average  value,  r0  =  2 .  20,  are  evident.  These  can  be  ac- 
counted for  by  supposing  that  the  refraction  of  the  carbonyl  group,  or  of 
the  oxygen,  is  variable  and  depends  on  the  constitution  of  the  molecule. 
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Tabu*  IV. 

Name.                                                      Formula.  J/p.  "car  r,  +  2  Ar. 

Acetone CH,COCH«  16.15  1387  2.28 

Methylethyl-ketone CH,COCHj  20.67  18. 49  2.18 

Diethyl-ketone CfH»COCiH»  25.18  23.11  2.07 

Methylpropyl-ketone CH1COC1H7  25.20  23. 11  2 .09 

Methyl-«(7-propylketone CH1COC1H7  25 .  24  23 . 1 1  2.13 

Ethylpropyl-ketone CfHiCOC|H7  2971  27.73  198 

Methyl-*50-butylketone CHiCOCiH*  30.01  27 .  73  2 .  28 

Oenanthol C7H14O  34-79  32.35  2.44 

Methylhexyl-ketone CHtCOCtHu  3928  36.98  2 .30 

Methylnonyl-ketone CHsCOC»Hi»  53  00  50. 84  2 .  16 

n-Butyl-aldehyde CJIjCOH  20. 64  18 .49  2 .  15 

uo-Butyl-aldehyde.' CJi^COH  20.68  18.49  2 .  19 

Average,  r0  +2Ar  —  2. 196 

This  can  be  proved,  for  if  we  assume  that  Ar  =  o,  we  may  calculate 
the  values  of  fcHi  and  r0  by  the  method  of  least  squares  from  the  series 
of  equations 

MD  =  ttrcH,  +  r o  +  2Ar. 
Thus,  we  obtain  rem  —  4-63r  a^d  fo  =  2.137. 

The  differences  between  MD  and  the  calculated  values  {nrCHt  +  *o) 
are  given  in  Table  V. 

Tabu*  V. 

Name.  J#D.  htchs  +  rQ.  **•  A%« 

Acetone 16.15  16.03  +0.12  +0.74 

Methylethyl-ketone 20. 65  20.66  — 0.01  — 0.05 

Diethyl-ketone 25.18  25.29  — 0.11  — 0.44 

Methylpropyl-ketone 25 .  20  25 .29  — 0.09  — 0.35 

Methyl-wo-propylketone 25 .  24  25 .  29  — 0.05  — o.  20 

Methyl-wo-butylketone 30.01  29.92  +0.09  +0.30 

Ethylpropyl-ketone 29 .  71  29 .  92  — 0.21  — o.  70 

Oenanthol 34-79  34-55  +0.24  +0.70 

Methylhexyl-ketone 39 .  28  39. 19  +0.09  +0. 23 

Methylnonyl-ketone 53 .00  53  08  — 0.08  — o.  15 

n-Butyl-aldehyde 20.64  20.66  — 0.02  — o.  10 

wo-Butyl-aldehyde 20. 68  20.66  +0.02  +0. 10 

Average,  A%  -  +034 

A  comparison  of  the  percentage  deviations  in  Tables  II  and  V  shows 
that  the  refraction  of  the  carbonyl  group  or  of  carbonyl  oxygen  varies 
within  wide  limits,  and  that  the  deviations  cannot  be  explained  as  being 
due  to  experimental  errors. 

If  we  examine  the  following  data 
CH,CO.CH,    2.28  \  CH*CO.CH,    2.18}  «-C4H»CO.H      2.19} 

f-™>9  V-o.11  >+o.o9 

CH,CO.CH»  2.18^  CH*CO.CH.  2.07^  i-C4H.CO.CH,  2.28  J 

I— 0.09  >— 009 

CH,CO.CH7  2.09  )  C*H»CO.CH7  1.98  j 
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we  observe  that  the  replacement  of  a  methyl  group  by  an  ethyl  or  by 
a  n-propyl  group  is  accompanied  by  a  considerable  diminution  in  the 
value  of  r o .  These  diminutions  are  almost  identical  in  all  cases  and  vary 
within  narrow  limits  ( — 0.09  and  — o.  11).  Likewise,  we  must  note  that 
the  methyl  group,  when  it  is  substituted  for  hydrogen  in  aldehydes,  ef- 
fects a  very  noticeable  change  equal  to  +0.09,  when  the  rest  of  the  mole- 
cule is  W-C4H9CO,  for  example. 

The  data  of  F.  Eisenlohr  which  concern  the  atomic  refractions  of  ether 
compounds,  are  not  in  agreement  with  those  computed  above.  These 
variations  pertain  to  the  alcohols,  ethers,  and  esters.  This  paper  is  not 
"Intended  to  give  complete  discussion  of  the  question,  but  only  to  demon- 
strate by  some  example  that  the  exact  determination  of  the  refractions 
rc  and  rH  is  indispensable  in  all  calculations  which  deal  with  this  problem. 

If  we  calculate  values  for  MD  for  the  alcohols  and  ethers  by  the  formula 
MD  =  wfcH,  +  2fH  +  fo  +  S  Ar 
it  is  clear  that  an  error  in  the  value  assumed  for  rH  causes  an  error  in  the 
value  of  r0 .    Table  VI  contains  the  calculated  values  of  r0  assuming,  as 
above,  that  rCHt  =  4.622,  rH  =  1.066,  and  that  SAr  =  o. 

Tablb  VI. 

Name,  alcohol.  Formula.  Af  D.  ft'cHs  +  ?rH*   r©  +  Ar* 

Methyl CHjOH  8.22  6.75  147 

Ethyl CiHftOH  12.74  "  38  1.36 

n-Propyl CsHtOH  1752  16.00  1.52 

♦50-Propyl CjHtOH  17 .  54  16 .00  1 .  54 

n-Butyl C4H,OH  22.13  20.62  1.51 

iso-Butyl CiHtOH  22.16  20.62  1.54 

Trimethyl-carbinol CiHjOH  22 .  22  20.62  1 .60 

ijo-Amyl CjHuOH  26 .  74  25 .  24  1 .  50 

iso-Amyl  (ferm.) C*HuOH  26. 77  25 .24  1 . 53 

»-Heptyl CtHwOH  3605  34-49  156 

Methylhexyl-carbinol CsHnOH  40 .  56  39 . 1 1  1 .  35 

Average,  =  1494 

The  average  value,  r0  =  1.494,  differs  from  that  of  Eisenlohr  (r0  = 
i-525)  by  about  +2.03%. 

In  Table  VII,  the  data  for  the  refractions  of  oxygen  in  the  ethers  are 
given. 

Tabu*  VII. 

Name.  Formula.  M  D.       «rcHj  +  2rH-     'o  +  Z  Ar. 

Methylal CH|.O.CH,.O.CHt  19.19        16.00  1.60 

Acetal (CH,.CH,0)8.CH.CH,  33  •  13         *9  86  1 .64 

Ethylpropyl  ether C«H*.O.C|H7  26 .  95        25  •  24  1 . 7 1 

Ethyl  ether C,Hft.O.CjH*  22.43        20.62  1.81 

Average,  —  1.663 

The  value  obtained  by  F.  Eisenlohr  is  1 .643,  which  differs  from  1 .663 
by  about — 1.2%. 
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It  is  to  be  noted  that  quite  aside  from  this  disagreement,  the  values  of 
fc>  'h»  *oi  etc.,  are  not  constant.  The  calculation  of  average  values  of 
atomic  refraction  cannot  be  accepted  as  a  satisfactory  solution  of  the 
question  before  us. 

In  another  paper  I  shall  compare  these  results  with  the  thermochemical 
data.  In  comparison  I  shall  attempt  to  justify  the  selection  of  the  8 
hydrocarbons  as  a  basis  for  the  calculation  of  the  average  values  rCH,» 
rc  and  rH. 

Waxsaw,  Poland. 


[Contribution  from  thb  Department  op  Chemistry  op  Princeton  University.] 

THE  EXPLANATION  OF  AN  APPARENT  ANOMALY  OUTSTAND- 
ING IN  THE  RESULTS  OF  MEASUREMENT  OF 
DISSOCIATION  PRESSURES. 

By  Alan  W.  C.  Mbnzibs.  . 

Received  Mrrch  29,  1920. 

After  brief  reference  to  the  nature  of  the  anomaly  in  question  and  to 
the  various  explanations  offered  to  account  for  it,  it  is  proposed  to  adduce 
experimental  results,  supported  by  results  of  a  parallel  nature  drawn  from 
the  work  of  others,  to  show  that  this  apparent  anomaly  is  disposed  of  by 
a  knowledge  of  the  real  facts  of  the  case. 

The  Nature  of  the  Anomaly. — In  1888,  Tammann,1  applying  a  form  of 
the  gas-current  saturation  method  to  the  measurement  of  the  dissocia- 
tion pressures  of  salt  hydrates  near  35  °,  obtained  results  which,  while 
somewhat  erratic,2  were  uniformly  higher  by  from  2  to  5%  than  the  re- 
sults obtained  by  Frowein8  with  the  tensimeter)  This  anomaly  was  con- 
firmed by  Schottky,4  working  under  Nernst*  s  guidance,  who  found  that 
the  initial  dissociation  pressures  developed  in  tensimetric  measurements 
were  higher  than  the  equilibrium  values.  In  191 1,  Partington6  added 
further  confirmation,  again  using  the  gas-current  saturation  method, 
although  not  in  a  form  identical  with  Tammann's. 

Explanation  of  the  Anomaly. — Thoughtful  elucidations  and  critical 
discussions  have  been  offered  by  Tammann,6  Nernst,7  Partington,6  Brere- 
ton  Baker,8  and  Campbell,9  those  of  Nernst  and  of  Campbell  being  espe- 
cially instructive.  Lack  of  space  forbids  their  outlining  or  consideration 
here. 

1  Tammann,  Ann.  Physik.,  33,  322  (1888). 

•  Cf.  Menzies,  This  Journal,  42,  978  (1920). 

•  Frowein,  Z.  physik.  Chem.,  1,  5  (1887). 
4  Schottky,  ibid.,  64,  415  (1908). 

•  Partington,  /.  Chem.  Soc,  99,  466  (191 1). 

•  Loc.  tit. 

1  Nernst,  Z.  physik.  Chem.,  64,  425  (1908). 

•  Baker,  Ann.  Rep.  Progress  Chem.,  8,  34  (191 2). 
9  Campbell,  Trans.  Faraday  Soc,  10,  195  (1914). 
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Possible  Sources  of  Experimental  Error  in  Earlier  Measurements. — 
Because  it  will  be  shown  below  that  the  real  facts  exhibit  no  anomaly, 
it  seems  desirable,  for  the  sake  of  progress,  to  take  space  to  indicate  very 
briefly  a  few  points  at  which  error  might  have  entered  into  the  experi- 
mental work  of  the  previous  investigators.    References  to  Tammann's 
work  may  be  omitted1  for  brevity,  because  he  himself  was  not  satisfied 
with  his  results.    With  regard  to  Schottky's  tensimetric  results,  it  will 
be  shown  below  that  considerable  pressures  of  permanent  gas,  which 
may  be  referred  to  as  air,  occasionally  develop  in  Bremer-Frowein  tensi- 
meters  after  exhaustion.    Schottky  must  have  suspected  this,  for  he  al- 
lowed his  tensimeters  to  lie  in  the  horizontal  position,  with  the  opposite 
sides  in  free  communication,  for  12  hours  prior  to  erection  for  observa- 
tion.   When,  after  erection,  one  bulb  of  the  tensimeter  is  raised  to  the 
higher  temperature,  as  was  done  in  his  work,  not  only  will  the  dissocia- 
tion pressure  on  that  side  increase  but  so  also  will  the  air  pressure.    But 
air  is  soluble  in  paraffin  oil,  which  Schottky  used,  as  well  as  in  all  common 
manometric  liquids  except  mercury.    One  would,  therefore,  predict,  in 
accordance  with  Henry's  law,  that  Schottky  should  find,  in  the  presence 
of  air,  exactly  what  he  did  find,  an  initial  excess  of  pressure  that  slowly 
fell  off  to  the  true  equilibrium  value  as  the  air  pressures  on  opposite  sides 
slowly  became  equalized  by  the  mechanism  of  solution  and  diffusion  of 
air  in  the  oil.    With  regard  to  Partington's  work,  it  is  suggested  that 
glasswool  plugs3  should  not  be  used  to  filter  rather  small  volumes  of  air 
of  100%  humidity,  if  the  humidity  is  later  to  be  assumed  as  100%.    Part- 
ington does  not  state  whether  he  corrected  for  the  error  that  so  long  es- 
caped the  vigilance  of  Berkeley,8  who  pointed  it  out  some  years  after 
Partington's  work;  nor  even  whether  the  more  obvious  correction  for 
change  of  air  pressure  due  to  the  head  of  water  in  his  saturator  was  duly 
applied.    Frowein  assumed  perhaps  too  lightly  the  absence  of  permanent 
gas  from  his  tensimeters.    Campbell  points  out  that  the  observed  static 
vapor  pressure  of  water  in  air  is  less  than  in  a  vacuum;  while  this  may  be 
true,  the  difference  in  work  like  Tammann's  is  not  such  as  to  allow  his  re- 
sults to  be  harmonized  with  Frowein's,  as  will  appear  from  the  evidence 
given  below. 

A  Re-investigation  of  the  Facts. — In  view  of  notorious  precedent  in 
the  case  of  Charles  II  and  the  Royal  Society  of  London,  it  seemed  worth 
while,  despite  the  weight  of  triple  authority  cited  above,  to  seek  a  still 
simpler  explanation  of  the  anomaly  than  those  hitherto  offered  by  once 
again  critically  examining  the  experimental  facts.  The  dissociation 
pressure  of  the  same  sample  of  cupric  sulfate  pentahydrate  was  accord- 

1  Vide  ingenious  criticism  by  Campbell,  loc.  cii. 
*  Cf .  Menzies,  loc.  cit. 
1  Nature,  95,  54  (i9»5)- 
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ingly  measured,  near  25  °,  by  both  the  gas-current  saturation  method  and 
by  the  tensimetric  method. 

Experimental  Procedure. — As  comparative  and  not  absolute  measure- 
ments were  contemplated,  especial  care  was  not  taken  to  remove  traces 
of  impurity  from  the  blue  vitriol  employed;  this  was,  however,  of  the  high- 
est analytical  quality,  was  free  from  chloride  and  contained  less  than 
0.02%  of  iron.  The  absolute  bath  temperature  was,  however,  known 
with  needless  accuracy,  being  measured  by  averaging  the  corrected  read- 
ings of  2  mercurial  thermometers  graduated  to  o.  1  °,  each  furnished  with 
Reichsanstalt  certificate  of  corrections  rounded  to  fiftieths.  The  tem- 
perature of  the  experiments  was  actually  near  24.700,  and  the  slope  of 
Frowein's  p-t  curve  was  used  in  making  the  necessary  small  correction 
to  reduce  the  values  to  25 .00°. 

(A)  Gas-current  Saturation  Method. — In  order  to  test  his  results,  a 
procedure  like  Partington's  was  followed.  The  water  saturators  were, 
however,  of  the  Kahlenberg  type,1  3  in  series,  each  exposing  a  surface  of 
about  5  X  25  cm.  of  water.  A  gentle  agitation  of  the  saturators  was  pro- 
vided. Especial  care  was  taken  to  minimize  the  surface  condensation 
error.2 

In  view  of  the  known  phenomena  of  induction  periods  preceding  the 
first  loss  of  water  from  unefHoresced  crystals,8  the  blue  vitriol  was  con- 
verted to  trihydrate  to  the  extent  of  a  few  per  cent,  by  gentle  warming 
in  air.4  Even  with  crystals  powdered  so  as  to  pass  a  20-mesh  sieve,  a 
column  40  cm.  long  and  of  1 . 1  cm.  diameter  was  not  sufficient  to  saturate 
at  25 °  air  passing  at  250  cc.  per  hour;  while  a  column  35  cm.  long  and  of 
4.8  cm.  diameter  proved  adequate  even  with  somewhat  faster  air  currents. 
The  more  important  connections  were  furnished  with  ground-glass  joints, 
whose  lubricant  was  removed  prior  to  weighing;  other  joints  were  of  rub- 
ber, coated  with  paraffin  wax,  which  is  satisfactory  if  the  weights  of  vapor 
transferred  are  not  too  small.  The  water-absorption  tubes,  containing 
calcium  chloride  and  phosphorus  pentoxide,  were  weighed  against  counter- 
poises of  similar  total  displacement  and  external  surface,  containing  air 
at  barometric  pressure.  The  complete  apparatus  was  borne  by  a  single 
ring-stand,  and  could  be  submerged  beneath  the  water  of  a  rapidly  stirred 
water-thermostat  kept  constant  to  0.01  °.  The  air  stream  was  not  faster 
than  0.5  liter  per  hour,  and  no  correction  was  required  for  pressure  differ- 
ences due  to  friction.  The  necessary  correction,  referred  to  above,  for 
difference  of  volume  of  air  emerging  from  water  and  blue  vitriol  saturator 
was,  of  course,  applied.    Each  run  occupied  over  40  hours. 

1  Science,  July  21,  1905. 

1  Cf.  Menzies,  loc.  cit. 

*  Cf.  Rae,  /.  Chem.  Soc,  109,  1229  (191 6). 

4  Cf.  Guareschi.  Atti  accad.  set.  Torino,  50,  765  (1915). 
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(B)  Tensimetric  Method. — Frowein's  procedure  was  purposely  followed 
rather  closely.  Instead  of  sulfuric  acid,  however,  freshly  fused  potassium 
hydroxide,  coarsely  powdered  while  yet  hot,  was  preferred.1  A  sample  of 
cottonseed  oil  of  density  0.9165  at  25 °  served  as  manometric  liquid. 
Evacuation  was  effected,  through  a  phosphorus  pentoxide  tube,  by  a 
mercury  pump,  and  the  pressures  before  sealing  off,  always  less  than 
0.01  mm.  of  mercury,  were  read  on  a  McLeod  gage.  A  millimeter  scale 
was  transferred  from  a  steel  standard  to  the  glass  arms  of  the  tensimeter 
by  means  of  a  beam  compass.  The  instruments  were  immersed  in  the 
thermostat  already  referred  to,  which  had  2  opposite  sides  of  glass.  Paral- 
lax was  eliminated  by  the  use  of  a  scale  of  similar  length  to  that  of  the 
tensimeter  placed  on  the  distant  side  of  the  tank.  Equilibrium  was 
reached  within  24  hours  in  the  cases  reported  below,  although  the  tensi- 
meters  were  allowed  to  remain  in  the  bath  for  many  days. 

After  equilibrium  had  been  attained,  the  pressure  of  air  in  the  apparatus 
was  approximately  determined,  and  so  corrected  for,  by  immersing  the 
blue  vitriol  bulb  in  alcohol  cooled  below  — 50 °  by  solid  carbon  dioxide. 
The  value  of  this  correction  was  as  much  as  0.3  mm.  of  mercury.  To  find 
whether,  perhaps,  this  air  was  liberated  only  when  the  water  of  hydration 
left  the  blue  vitriol  in  the  process  of  efflorescence,  an  experiment  was 
tried  with  but  a  small  weight  of  slightly  effloresced  crystals  in  the  tensi- 
meter. This  tensimeter  showed  much  less  air  (0.06  mm.  of  mercury)  after 
attaining  equilibrium.  This  result  points  to  the  persistance  of  the  air, 
during  evacuation,  as  an  adsorbed  layer  on  the  blue  vitriol.  The  air  lib- 
erated from  the  glass  surface  during  the  operation  of  sealing  off  is  probably, 
in  this  case,  a  negligible  factor.2  Andreae,8  in  his  careful  comparative 
work,  also  encountered  to  a  like  extent  difficulty  with  adsorbed  air. 

Experimental  Results. — (A)  The  only  2  non-preliminary  measure- 
ments by  the  gas-current  saturation  method  gave  7.83  and  7.78  mm.  of 
mercury  at  o°  as  the  dissociation  pressure  at  25 .00°  of  the  system  CuSOr 
(5-3)HjO  and  vapor:  average,  7.80  mm. 

(B)  The  only  2  non-preliminary  measurements  by  the  tensimetric 
method  gave  7.72  and  7.76  mm.;  average,  7.74.  Such  results  are  over 
5%  higher  than  Frowein's  values. 

In  spite  of  precautions  to  avoid  condensation  of  saturated  water  vapor 
before  reaching  the  absorption  tubes,  the  results  under  (A)  would  be  ex- 
pected to  turn  out  too  high  by  a  fraction  of  one  per  cent.,  in  conformity 
with  the  consistent  results  of  Berkeley  and  Hartley.4    As  the  results 

1  Cf.  Baxter  and  Starkweather,  This  Journal,  35,  2038  (191 6). 

*  Cf.  Shrader,  Phys.  Rev.,  13,  437  (191 9). 

*  Andreae,  Z.  physik.  Chem.,  7,  241  (1891). 

4  Berkeley  and  Hartley,  Trans.  Roy.  Soc.  London  (A)t  209,  177  (1909);  cf.  Menzies, 
he.  cii. 
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stand,  therefore,  it  is  obvious  that  the  discrepancy  is  well  within  the  ex- 
perimental error  of  such  measurements.  And  thus  the  anomaly  disap- 
pears. 

Comparison  of  the  Results  of  Frowein  with  Those  of  Others. — As 
it  would  appear  from  the  above  that  the  results  of  Frowein,  on  which 
much  reliance  has  been  placed,  are  too  low  in  this  instance,  it  was  thought 
well  to  compare  his  results  for  other  salts  with  the  available  values  ob- 
tained by  later  workers  who  have  used  the  static  method.  This  com- 
parison is  exhibited  in  Table  I,  in  which  the  results  of  Andreae,1  E.  Cohen2 
Schottky,  and  Bolte*  have  been  utilized.  Frowein's  values  for  barium 
chloride  dihydrate  and  for  strontium  chloride  hexahydrate  were  obtained 
by  interpolation  from  the  straight  line  obtained  by  plotting  log  p  against 
i/r,  using  his  mean  experimental  values. 

Table  I. 
Comparison  of  Dissociation  Pressure  Results  by  Static  Method. 


A. 
Hydrate, 

SrCl,.6H,0 19 

25 
29 
34 
37 


MgSO«.6H,0. 
BaCU.2H,0.. 


MgS04.6H,0. 


Temperature, 
°C. 


7 
6 

9 
I 
55 

75 

95 
95 
20 

75 


C.  D. 

Press,  in  mm.  Hg  ace.  to 
Andreae. 


30 

29 
34 
36 

30 


Frowein. 
4.88 

777 
I0.8 

14-7 
18.7 

18.35 

7.69 
II.38 
I2;32 

18.35 


561 

8.72 
II.84 
1583 
19.86 
Cohen 
18.96 
Schottky 

7  96 
11.62 
12.99 
Bolte 
18.92 


B. 
Excess  of  D  over  C. 

%. 

15 
12 

IO     . 
8.0 


The  duplicate  measurements  of  Cohen  and  of  Bolte  are  very  much 
more  concordant  than  those  of  Frowein  for  the  same  salt;  but  this  means 
little,  for  the  latter  obtains  in  other  cases  excellent  concordance  for  dupli- 
cates each  suffering  severely  from  the  same  systematic  error.  It  is  evi- 
dent from  Table  I  that  the  results  of  Frowein  are  several  per  cent,  too 
low  for  these  salts  also,  and  not  alone  for  cupric  sulfate. 

Summary. 

(1)  The  experimental  results  of  Tammann,  Schottky  and  Partington 
have  been  outlined  so  as  to  elucidate  an  anomaly  that  is  outstanding  at 
the  present  time,  namely,  that  the  dissociation  pressures  of  salt  hydrates 
appear  higher  as  measured  by  the  gas-current  saturation  method  than 

1  Loc.  tit. 

*  Cohen;  Z.  physik.  Ckem.,  36,  517  (1901). 

•  Bolte,  ibid.,  80,  338  (1912). 
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by  the  tensimetric  method;  and  that  early  readings  in  a  tensimetric 
measurement  are  higher  than  later  ones. 

(2)  The  suggested  explanations  of  Tammann,  Nernst,  Campbell, 
Partington  and  Brereton  Baker  have  been  referred  to. 

(3)  A  number  of  criticisms,  which  it  is  hoped  may  be  helpful  to  other 
workers,  have  been  offered  of  the  experimental  work  of  users  of  both 
tensimetric  and  gas-current  saturation  methods. 

(4)  An  experimental  re-examination  of  the  facts  has  been  described. 

(5)  It  has  been  shown  that  the  real  facts  exhibit  no  anomaly. 

(6)  Reason  has  been  given  for  accepting  the  tensimetric  results  of 
Frowein,  often  regarded  as  standard,  only  with  caution. 

Princeton,  N.  J. 


[Contribution  prom  thb  Kent  Chemical  Laboratory  of  the  University  of 
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THE  STABILITY  OF  ATOMS  AS  RELATED  TO  THE  POSITIVE  AND 

NEGATIVE  ELECTRONS  IN  THEIR  NUCLEI,  AND  THE 

HYDROGEN,  HELIUM,  H3,  H,  THEORY  OF 

ATOMIC  STRUCTURE. 

By  William  D.  Harkins. 

Received  April  12,  1920. 

The  purpose  of  this  article  is  to  extend  the  theory  presented  in  the  earlier 
papers1  of  this  series,  the  first  of  which  were  published  in  19 15.  Using 
as  a  basis  the  evidence  obtained  from  the  electrolysis  of  solutions,  from 
the  positive  ray  work  of  Thomson,2  and  from  the  atomic  weights  of  the 
elements  and  of  the  separate  atomic  species,  insofar  as  the  latter  were 
then  known,  the  writer  presented  the  theory  that  the  nuclei  of  all  atoms 
are  made  up  of  positive  and  negative  electrons,  and  evidence  was  presented 
which  indicated  that  the  nuclei  of  hydrogen  atoms  are  positive  electrons. 
It  will  be  pointed  out  later  in  the  present  paper  that  in  the  light  nuclei 
there  are  in  general  about  half  as  many  negative  as  positive  electrons, 
and  that  in  no  known  complex  nucleus  is  the  ratio  of  negative  to  positive 
less  than  one  to  two. 

The  theory  indicated  that  the  deviation  of  the  atomic  weight  of  helium 
(3969  when  calculated  on  the  basis  of  hydrogen  as  1)  from  a  whole 
number,  is  due  to  a  "packing  effect"  which  amounts  to  a  decrease  of  mass 
equal  to  0.77%.  This  theory  was  based  on  the  idea  of  Rutherford3 
that  the  nucleus  of  the  atom  is  very  minute.    That  there  is  a  decrease  of 

1This  Journal,  37,  1367-1421  (1915);  38,  186-214  (1916);  39,  856-879  (1917); 
41,  970-992  (1919);  Phil.  Mag.,  30,  723-734  (1915);  Science,  N.  S.,  46,  4»9"427»  443- 
448  (1917);  50,  577-82  (1919);  Proc.  Nat.  Acad.  Sci.,  1,  276  (1915);  2,  216-224  (1916); 
Phys.  Rev.,  15,  73-94  (1920);  Z.  anorg.  Chem.,  97,  175  (1916). 

*  Thomsen,  "Rays  of  Positive  Electricity,"  Longmans,  Green  and  Co.  (1913). 

1  Rutherford,  Phil.  Mag.,  21,  669  (191 1);  26,  702  (1913);  27,  448  (1914). 
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mass  when  a  positive  and  a  negative  electron  approach  each  other  is  an 
essential  postulate  in  the  electromagnetic  theory  of  Lorentz,1  but  he  did 
not  give  the  magnitude  or  even  the  sign  of  the  effect.  This  was  calculated 
for  us  by  Professor  A.  C.  Lunn,  whose  results  showed  that  the  packing 
effect  found  in  the  formation  of  helium  from  hydrogen,  could  be  accounted 
for  in  the  simplest  system,  consisting  in  one  positive  and  one  negative 
electron,  by  their  approach  until  the  distance  between  them  is  about  400 
tunes  the  radius  of  the  positive  electron.  In  the  first  paper  it  was  stated 
that  Rutherford  considers  the  hydrogen  nucleus  to  be  the  positive  elec- 
tron, this  information  having  been  given  to  us  in  an  oral  report  of  one  of 
his  addresses.  Reference  was  not  made  to  an  important  specific  part  of 
one  of  Rutherford's  papers  which  appeared  while  our  papers  were  in 
process  of  preparation,  though  a  general  reference  to  the  paper  as  a  whole 
was  given.  This  specific  reference  was  of  importance,  and  would  have 
been  given  except  for  the  fact  that  the  writers,  in  looking  over  about 
150  papers  and  books,  failed  to  read  these  2  pages  near  the  end  of  a  some- 
what long  paper.  The  content  of  these  pages  cannot  be  given  in  full, 
but  it  is  desirable  that  the  following  2  quotations  be  presented.2 

"The  exceedingly  small  dimensions  found  for  the  hydrogen  nucleus 
add  weight  to  the  suggestion  that  the  hydrogen  nucleus  is  the  positive 
electron,  and  that  its  mass  is  entirely  electromagnetic  in  its  origin." 

"For  the  dimensions  of  the  positive  and  negative  electrons  considered, 
the  packing  must  be  very  close  in  order  to  produce  an  appreciable  altera- 
tion in  the  mass  due  to  this  cause.  This  may,  for  example,  be  the  ex- 
planation for  the  fact  that  the  helium  atom  has  not  quite  4  times  the  mass 
of  the  hydrogen*  atom." 

The  first  two  papers  of  this  series  were  written  largely  for  the  purpose 
of  giving  the  evidence  which  existed  in  the  atomic  weights  in  favor  of  the 
above  assumptions,  and  to  indicate  that  where  the  atomic  weights  were 
not  in  their  favor,  the  apparent  discrepancy  could  be  explained  by  the 
existence  of  isotopes.  It  was  assumed  in  this  connection  that  not  only 
neon,  as  found  by  Thomson,  but  also  chlorine,  silicon,  magnesium  and 
nickel,  copper,  zinc,  mercury,  and  nearly  all  other  elements  of  atomic 
numbers  28  to  80,  as  well  as  the  radioactive  elements,  are  mixtures  of 
isotopes.  The  ordinary  atomic  weights  when  considered  in  a  systematic 
manner,  give  strong  evidence  in  favor  of  this  assumption. 
Four  Series  of  Atoms  from  the  Standpoint  of  Composition  are  Now 

Known.3 

Atoms  belonging  to  at  least  4  more  or  less  independent  series  are  now 
known,  and  a  fifth,  but  dependent  series  also  exists.    These  series  are, 
1  H.  A.  Lorentz,  "The  Theory  of  Electrons,"  1909,  pp.  47  and  48. 
■  Rutherford,  Phil.  Mag.,  27,  494-5  (1914). 
*  These  series  of  atomic  species  have  been  classified  according  to  the  composition 
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x.  Helium,  or  Helium-Thorium  Series  [(a)  pure  a-series  (6),  a-cementing 
electron  series]. 

2.  Meta-neon-Uranium  Series  (a,/i-series). 

3.  Lithium-Cobalt  Series  (a^-series). 

4.  Meta-chlorine  series  (a,v,/i-series). 
The  dependent  series  is, 

26.  Actinium  series  (Secondary  a,p-series),  presumably  one  branch  of 
the  Uranium  series. 

While  there  are  only  Q2  chemical  elements  in  the  series  of  elements  now 
known,  that  is  only  Q2  different  kinds  of  atoms,  if  the  arrangement  of  the  outer 
or  planetary  electrons  alone  is  considered,  it  is  probable  that  at  least  three  or 
four  hundred  elements  exist  if  the  viewpoint  taken  is  that  of  atomic  evolution 
and  disintegration.  However,  since  it  is  customary  to  class  all  elements 
which  have  the  same  planetary  electron  number  and  arrangement  as  one 
element,  the  different  elements  of  this  type  will  be  considered  as  different 
atomic  species,  and  the  term  element,  which  thus  becomes  entirely  arbi- 
trary, will  be  used  to  indicate  a  chemical  element.  Bach  of  the  5  series 
of  atoms,  when  considered  in  this  sense,  does  not  consist  of  a  number  of 
elements,  but  of  a  number  of  atomic  species. 

The  4  series  of  atoms  are*  listed  above  in  decreasing  order  of  abundance. 
Thus  by  far  the  greatest  part  of  all  known  material  belongs  to  the  alpha  or 
helium  series.  The  nuclei  of  all  the  more  common  atoms  of  this  series 
may  be  assumed  to  consist  of  a-particles  alone,  or  of  a-particles  plus  nega- 
tive a-cementing  electrons.  For  convenience  these  will  be  referred  to  as 
Class  x  and  Class  2  of  this  series.  Most  of  the  abundant  atoms,  as 
oxygen,  a-magnesium,  a-silicon,  calcium  and  probably  an.  a-nickel,  belong 
to  Class  1,  though  iron  is  very  abundant  and  contains  2  cementing  elec- 
trons in  its  nucleus.  No  abundant  species  of  atoms  contains  more  than  2 
such  electrons.  The  prefix  a  indicates  a  species  of  atoms  whose  nuclei 
consist  of  a-particles.  Each  a-particle  is  assumed  to  consist  of  4  positive 
and  2  negative  electrons  (Fig.  1). 

The  atoms  of  the  meta-neon-uranium  series  seem  to  have  nuclei  which 
consist  of  a-particles  mostly,  but  which  contain  in  addition  one  other  group. 
Since  the  nature  of  this  group  has  not  been  determined  experimentally, 
its  exact  size  is  uncertain.    However,  the  difference  between  a  member 

of  their  atoms,  and  from  this  standpoint  they  need  not  be  considered  as  m»1mig  up 
such  series  as  are  considered  in  the  disintegration  of  the  radioactive  atoms,  or  even  as 
series  from  the  standpoint  of  atom  building.  However,  since  all  of  the  descendents 
from  uranium  show  the  same  type  of  composition,  and  since  all  of  the  known  atoms  of 
this  type  of  composition  among  the  radio  elements,  have  also  been  proved  to  be  de- 
scendents from  uranium,  it  does  not  seem  to  be  improbable  that  the  series  listed  above 
are  concerned  in  atomic  aggregation  and  disintegration.  This  does  not  mean,  of 
necessity,  that  in  the  building  of  atom  nuclei  there  can  be  no  passing  over  from  one 
series  into  the  other. 


Digitized  by 


Google 


ELECTRONS  IN  THE  NUCLEI  Otf  ATOMS,  ETC.  1959 

of  the  a-  or  helium  series  and  a  corresponding  member  of  the  meta-neon- 
uranium  series  consists  in  the  presence  in  nuclei  of  the  latter  type  of  a 
group  consisting  of  2  positive  and  2  negative  electrons,  of  the  formula 
0n+&~)°,  where  17  represents  a  positive  and  j8  a  negative  electron  and  ° 
indicates  that  the  net  charge  on  the  group  is  zero.  If  this  group  exists 
by  itself,  it  is  a  particle  belonging  to  an  element  of  zero  atomic  number.  It 
will  be  called  the  mu  group,  so  the  series  is  an  a-/j-series.  The  lightest 
particle  now  known,  which  contains  this  group,  is  the  nucleus  of  the  meta- 
neon  atom,  which  may  be  assumed  to  consist  of  4  a-particles  and  one 
p-group.  It  is  possible  that  the  primary  group  from  the  standpoint  of 
structure  may  have  the  composition  Ofe+04~)++,  in  which  case  it  would 
be  the  nucleus  of  a  meta-helium  atom,  but  the  assumption  of  the  presence 
of  the  ji-group  leads  to  a  simpler  system,  The  atoms  of  this  group,  as  a 
class,  are  not  so  abundant  as  those  of  the  a-series,  but  they  are  probably 
more  abundant  than  those  of  the  third  and  fourth  series,  at  least  this  will 
be  found  to  be  the  case  if  the  highest  atomic  weight  isotopes  of  mag- 
nesium and  silicon  belong  to  this  series,  as  is  probable  and  if  the  present 
atomic  weights1  of  these  elements  are  correct  within'  0.1  unit.  These 
isotopes  have  not  been  discovered,  but  they  exist  if  the  present  atomic 
weights  of  magnesium  and  silicon  are  correct  to  within  0.2  unit  in  the  case 
of  magnesium  and  to  0.05  unit  in  the  case  of  silicon. 

Lithium-Cobalt  Series. — This  series  as  it  is  now  known  begins  with 
lithium  and  ends  with  cobalt.  It  is  practically  certain,  however,  that 
cobalt  is  not  the  highest  member  of  the  series,  and  that  it  extends  as 
high  as  gold,  and  possibly  to  bismuth.  No  members  have  been  discov- 
ered among  the  radioactive  elements  of  atomic  number  84  or  higher. 
The  atoms  of  this  series  make  up  only  about  1 .3%  of  the  material  of  the 
meteorites,  while,  so  far  as  is  known,  about  98%  or  more  belongs  to  the  first 
2  series,  the  helium  and  the  uranium  series.  .  While  the  lithium  nucleus  is 
the  lightest  known  particle  belonging  to  this  series,  it  is  possible  that  a 
nucleus  of  mass  3  (or  v  particle)  exists,  though  it  is  probable  that  no  appre- 
ciable amount  of  this  element  can  be  found  on  earth. 

In  the  first  paper  of  this  series  it  was  considered  that  the  atoms  of  the 
lithium  series  contain  a  particle  of  mass  3,  which  was  designated  as  the 
Hi  particle.  If  such  a  particle  exists,  though  it  contains  3  positive  elec- 
trons or  nuclei  of  hydrogen  atoms,  it  docs  not  contain  3  negative  electrons, 
but  less  than  3.  In  the  later  papers  the  symbol  v  has  been  used  to  indi- 
cate a  group  of  3  positive  and  2  negative  electrons  (rj*+fk~)+,  which  is  very 
evident  in  the  composition  of  atoms  of  the  lithium  series.  Whether  this 
group  contains  the  same  number  of  negative  electrons  as  the  correspond- 
ing particle  of  weight  3,  cannot  be  deduced  from  the  general  theory,  though 
the  only  possibilities  are- that  the  3  particles,  if  at  exists,  shall  contain  one 
1  Mg  **  24.32,  and  Si  «-  28.1  z. 
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or  two  negative  electrons,  though  the  indications  are  that  it  contains  two. 

This  group  is  the  first  to  be  considered  here  which  has  an  odd  atomic 
weight,  and  as  a  group  it  has  an  odd  positive  charge.  It  will  be  shown 
later  that  it  is  probable  that  this  group  is  responsible  for  the  odd  charge 
of  most  light  atoms  of  odd  atomic  number. 

Meta-chlorine  Series. — Recent  results  obtained  by  Mr.  C.  E.  Broeker 
and  the  writer  in  an  investigation  started  early  in  191 6  seem  to  indicate 
that  they  have  actually  separated  the  element  chlorine  into  isotopes,  and 
the  positive  ray  analysis  of  Aston  indicates  that  the  atomic  weights  of  the 
isotopes  are  35  and  37.  Now  CI37,  or  meta-chlorine,  is  a  member  of  none  of 
the  3  series  already  listed.  While  the  nature  of  the  groups  present  in  its 
nucleus  may  seem  somewhat  in  doubt,  it  is  the  first  atom  of  odd  nuclear 
charge  whose  atomic  weight  is  2  ^higher  than  the  theoretical  value,  which 
is  35.  Thus  meta-chlorine  differs  from  chlorine  by  the  same  amount 
as  meta-neon  differs  from  neon,  and  by  the  same  amount  as  any 
member  of  the  a,fi-series  differs  from  the  a-series.  The  simplest  as- 
sumption is  that  the  nuclei  of  CI35  and  CI37  differ  by  one  m  group,  so  if 
the  chlorine  nucleus  is  (a8++J'+)17+,  the  meta-chlorine  nucleus  would  be 
(ati++v+ /x)17+.  While  the  form  of  the  latter  might  be  (a»++ij+ft-)17+  the 
former  formula  is  in  better  accord  with  the  general  system  of  structure 
which  is  found.  In  either  case,  however,  meta-chlorine  belongs  to  a 
fourth  series. 

A  study  of  the  atomic  weights  of  the  4  series  indicates  that  in  the  helium- 
thorium  or  a-series  the  atomic  weights  are  divisible  by  4,  in  the  meta-neon- 
uranium  or  a-fx  series  they  are  divisible  by  2  but  not  by  4,  or  whenever  divided 
by  4  a  remainder  equal  to  2  is  found.  In  the  lithium-cobalt  series  a  re- 
mainder equal  to  3  is  left  after  a  division  by  4,  while  in  the  meta-chlorine 
series1  the  remainder  is  equal  to  1. 

While  the  above  list  may  seem  to  exhaust  the  list  of  possible  remainders, 
there  are  2  types  of  atoms  which  have  not  been  included  in  the  4  classes 
or  series  given  above. 

Groups  which  are  Responsible  for  the  Existence  of  Isotopes. 
(Weights  4,  3,  2,  and  1.) 

Since  the  nuclei  of  isotopic  atoms  have  the  same  net  nuclear  charge, 
their  differences  must  be  expressed  by  groups  which. have  a  zero  net 
charge.  The  principal  groups  which  are  now  evident  are  the  p  or  (i&+&~)  ° 
group,  and  the  (tt4+&~)0  or  (a++02~)°  group.  The  latter  is  an  a-parti- 
cle  together  with  2  negative  cementing  electrons,  which  serve  the  purpose 
of  attaching  an  extra  a-particle  to  a  nucleus,  that  is  an  a-particle  which 
is  apparent  in  the  mass,  but  is  not  apparent  in  the  charge,  of  the  nucleus. 

1  While  meta-chlorine  was  the  only  member  of  this  series  known  when  this  paper 
was  first  written,  Aston  has  just  reported  a  xenon  of  atomic  weight  133,  which  may  be 
either  of  the  type  of  beryllium,  or  of  the  type  of  meta-chlorine. 
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It  is  these  cementing  electrons  which  are  given  off  in  the  fi  disintegra- 
tions of  the  radioactive  atoms.  The  latter  group  has  the  same  formula 
as  a  helium  atom,  but  undoubtedly  differs  in  that  it  hag  a  much  more 
compact  structure.  It  will  be  called  a  helio  group  (or  particle).  All 
known  differences  between  isotopes  of  radioactive  atoms  of  high  atomic 
weight  seem  to  be  caused  by  one  m  group,  one  or  2  helio  groups,  or  one  /* 
and  one  helio  group.  Since  members  of  the  lithium  series  have  not 
been  discovered  among  such  radioactive  atoms,  it  is  evident  that  in  this 
range  no  isotopes  which  differ  by  a  v  group  plus  a  negative  electron 
(y+0-)°or  (ife+fo"),  are  known.  Isotopes  which  differ  by  a  v  group 
plus  one  negative  electron  are  to  be  expected  in  considerable 
numbers  in  the  range  between  atomic  numbers  29  to  79,  and 
possibly  higher.  Ordinary  lead  may  be  either  a  mixture  of  uranium  and 
thorium  lead,  or  it  may  be  an  individual  isotope,  and  in  the  latter  case 
it  may  be  a  lithium  derivative.  However,  it  will  be  shown  later  that 
certain  rules  of  structure  which  seem  to  hold  generally,  would  indicate 
that  a  lithium  derivative  of  even  atomic  number  should  have  a  relatively 
short  life,  which  makes  it  seem  probable  that 
ordinary  lead  does  not  belong  to  the  lithium 
series.  It  is  not  improbable  that  some  isotopic 
atoms  are  formed  by  the  addition  of  the 
group  Of+0~)°. 

The  Stability  and  Building  of  Atom  Nuclei. 
The  large  loss  of  mass  (0.77%)  in  the  for- 
mation of  an  a-particle  from  4  positive  and  2 
negative  electrons,  indicates  a  probable  struc- 
ture for  the  a-particle,  since  to  give  this  effect 
the  positive  and  negative  electrons  should  lie 
close  together,  while  the  positive  electrons 
should  be  apart  from  each  oth^r,  as  should 
the  negative  electrons;  since  the  closer  the  ap- 
proach of  the  positive  to  the  negative  elec- 
trons, the  greater  the  loss  of  mass,  while  the  O 
closer  the  approach  of  positive  to  positive  or 
negative  to  negative,  the  greater  the  increase 

of  mass.     Fig.  1  presents  a  model  for  the  a-     -.  %jr   .  .        ...    A    A 

_  „     .        ?.-*,,  A.         ,     A  ,  .,        frs-   1.— Model  to    illustrate 

particle  m  which  the  negative  electrons,  while  suggested  arrangement  in  the  a- 
represented  as  rings  or  discs,  are  not  assumed  particle  of  positive  electrons 
to  have  any  specific  form,  since  the  purpose  of  (small  spheres),  and  negative 
the  figure  is  to  give  only  a  suggested  relative  clectrons    fas*    spheres    or 

position  in  space  of  the  positive  and  negative  ****>'  ^  mode'  is  not  *n; 
rt     ,  „,....  x.  ,  .-  *        .    tended  to   suggest  any  special 

electrons.    If  both  the  negative  and  thcposi-  form  for  the  electrons  them- 

thre  electrons  are  spherical,  then  the  electro-  selves. 
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magnetic  theory  indicates,  as  has  been  pointed  out  by  Rutherford,  that  the 
radius  of  the  positive  is  only  Vims  that  of  the  negative.  Such  questions 
as  why  the  negative  and  positive  electrons  do  not  neutralize  each  other, 
why  the  apparent  number  of  negative  electrons  is  equal  to  the  number  of 
positive  electrons,  and  why  the  charges  are  numerically  equal,  though  of 
opposite  sign,  need  not  be  considered  here.  The  difference  in  size  may 
have  some  bearing  on  the  first  of  these  questions. 

The  model  suggested  should  represent  an  extremely  stable  system, 
provided  the  electrons  of  opposite  sign  do  not  coalesce.  It  has  been  sug- 
gested by  Richardson  and  by  G.  N.  Lewis  that  electrons  have  around  them 
a  field  of  force  which  alternates  in  sign  as  they  are  approached.  On  the 
basis  of  their  theory  each  electron  should  consist  of  a  series  of  concentric 
shells,  decreasing  in  density  with  the  distance  from  the  center.  Such 
a  theory  does  not  decrease  the  difficulties  involved  in  explaining  the  sta- 
bility relations,  since  it  introduces  a  form  of  electron  so  complex  that  these 
difficulties  are  simply  transferred  to  considerations  concerning  the  elec- 
tron structure  itself.  According  to  their  theory  there  might  well  be  a 
union  and  a  consequent  loss  of  mass  with  either  positive  electrons  alone, 
as  was  assumed  by  Nicholson,  or  with  negative  electrons  by  themselves. 
It  is  of  importance  in  this  connection  that  in  considering  the  composi- 
tion of  any  group  in  which  Such  a  packing  effect  is  found  to  exist  we  are 
forced  to  the  conclusion  that  it  consists  of  both  positive  and  negative 
electrons,  and  usually  contains  more  of  the  former,  as  in  the  case  of  the 
a  or  the  v  group. 

Having  adopted  a  suggestive  model  for  the  a-particle  based  on  the  idea 
that  electrons  of  unlike  sign  should  lie  close  together,  and  those  of  like 
sign  relatively  far  apart,  in  order  to  give  the  packing  effect,  let  us  consider 
the  way  in  which  a-particles  unite  with  each  other.  The  early  papers  of 
this  series  advanced  the  theory  that  from  3  to  8  and  10  a-particles  unite 
with  each  other  to  form  complex  nuclei,  without  the  inclusion  of  any' 
other  positive  or  negative  electrons.  It  is  probable  that  9,  and  more 
than  10  a-particles,  probably  as  many  as  14,  also  unite,  but  in  none  of  these 
cases,  unless  in  nickel  with  14,  are  there  enough  combinations  of  this 
kind  to  make  these  nuclei  relatively  abundant.  All  of  these  nuclei  be- 
long to  the  pure  a-division  of  the  helium  series.  Every  a-particle  carries 
a  net  positive  charge  of  2,  so  at  all  distances  of  ordinary  magnitude  a-parti- 
cles would  repel  each  other  if  at  rest,  according  to  the  ordinary  laws  of 
electrostatics.  However,  since  a-particles  unite  with  each  other  to  form 
complexes  so  stable  as  the  nuclei  of  atoms  of  oxygen,  magnesium,  calcium, 
etc.,  it  is  evident  that  at  the  very  minute  distances  between  the  a-parti- 
cles in  these  nuclei  they  must  attract  each  other  in  spite  of  their  net  posi- 
tive charge.  It  is  evident  that  this  attraction  might  be  considered  on 
the  basis  of  an  alternating  field  around  electrons  according  to  the  hypothesis 
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of  Richardson  and  Lewis,  but  it  seems  much  more  simple  to  treat  it  as 
due  to  the  action  of  electrical  couples,  which  might  easily  become  more 
powerful  at  such  short  distances  than  the  repulsion  due  to  the  net  posi- 
tive charge. 

The  fact  that  isotopic  forms  of  ordinary  elements  are  now  being  dis- 
covered, and  the  probability  mentioned  earlier  in  this  paper  that  hun- 
dreds of  such  isotopes  exist,  make  it  unsafe  to  state  that  any  special 
form  of  union  is  non-existent.  For  example,  it  is  not  certain  that 
there  is  no  lithium  atom  of  atomic  weight  5  though  its  existence  is 
improbable.  The  nucleus  of  such  an  atom  could  consist  of  an  a- 
particle  plus  one  positive  electron.  An  isotope  of  hydrogen  might 
have  a  nucleus  consisting  on  one  a-particle  plus  a  negative  electron. 
However,  it  may  be  stated  that  if  such  nuclei  exist  at  all,  their  quan- 
tity is  so  small  that  they  are  of  little  relative  importance.  So,  when 
it  is  stated  that  neither  a  positive  nor  a  negative  electron  make  a  stable 
union  with  an  a-particle,  the  statement  is  made  with  reference  to  the 
above  considerations.  The  model  suggested  for  the  a-particle,  which 
may  not  be  the  only  model  whifch  will  meet  the  conditions,  may  be  said 
to  repel  the  positive  electron  on  account  of  its  net  positive  charge,  and  to 
repel  the  negative  electron  at  very  small  distances,  because  the  outer 
part  of  the  model  is  largely  negative.  At  considerable  relative  distances 
negative  electrons  would  be  attracted. 

Since  as  many  as  10,  and  probably  even  as  many  as  14,  a-particles 
unite  alone  to  form  a  stable  intra-nuclear  compound,  the  question  may 
be  raised  as  to  why  larger  numbers  of  a-particles  do  not  unite  in  the  same 
way.  The  nuclei  of  carbon,  oxygen,  a-neon,  a-magnesium,  a-silicon, 
and  sulfur,  have,  respectively,  atomic  weights  of  12,  16,  20,  24,  28  and  32, 
and  net  positive  charges  6,  8,  10,  12,  14  and  16.  Their  atomic  weights 
and  net  charges  are,  therefore,  3, 4, 5, 6, 7  and  8  times  the  weight  and  charge 
of  the  a-particle,  so  these  last  numbers  may  be  taken  to  indicate  the  num- 
ber of  a-particles  in  the  respective  nuclei.  The  ordinary  argon  nucleus, 
however,  has  a  weight  of  40,  but  its  charge  is  only  18,  so  from  its  weight 
it  should  contain  10,  while  its  charge  indicates  the  presence  of  only  9, 
a-particles.  The  obvious  explanation  is  that  this  nucleus  contains  one 
a-particle  which  is  apparent  in  the  weight,  but  is  not  apparent  in  the 
charge.  That  is,  the  argon  nucleus  contains  enough  extra  or  alpha  cementing 
electrons  to  neutralize  the  positive  charge  of  one  a-particle.  The  num- 
ber of  a-cementing  electrons  rises  as  the  atomic  weight  (number  of  posi- 
tive electrons),  or  the  number  of  a-particles  increases,  until  in  the  thorium 
nucleus  there  are  26,  and  in  lead  from  thorium,  22  such  electrons.  Argon 
is  the  element  of  lowest  atomic  number  in  whose  normal  atom  these 
cementing  electrons  appear.  Thus,  in  the  lightest  atoms  there  are  no  a-cement 
ing  electrons,  in  the  heavy  atoms  there  are  no  nuclei  without  a-cementing  elec- 
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Irons.  The  question  which  now  arises  relates  to  the  necessity  for  the  in- 
clusion of  these  cementing  electrons,  together  with  the  extra  a-particles 
which  always  accompany  them,  in  order  to  give  stability  to  a  heavy 
nucleus,  while  the  stable  nuclei  which  contain  from  3  to  8,  and  even  10, 
a-particles,  contain  no  such  cementing  electrons. 

Suppose  that  several  a-particles  are  approaching  each  other.  Their 
mutual  self-repulsion  due  to  their  net  positive  charges,  tends  to  keep 
them  apart  unless  they  are  driven  together  so  strongly  that  they  approach 
sufficiently  close  to  enable  the  attractive  effects  of  the  mutual  couples 
to  become  of  significance.  As  the  total  net  positive  charge  on  the  nucleus, 
once  it  is  formed,  increases,  the  repulsion  due  to  this  cause  may  be  as- 
sumed to  increase  to  such  an  extent  that  a-particles  are  no  longer  able 
to  pass  through  the  region  of  repulsion,  and  to  attach  themselves,  though 
electrically  neutral  particles,  such  as  the  helio  group  (tit+fa-)  °  or  (a++&  ~)  ° 
group  the  mu  group  0&+ft~)°,  the  (i7a+&"~)°  or  (v+j8"-)°  group,  and  the 
O?+0~)°  group  could  easily  pass  into  and  through  this  region. 

The  ratio  of  the  .number  of  negative  to  the  number  of  positive  elec- 
trons in  the  a-particle  (helium  nucleus)  is  one  to  two,  or  0.5,  and  this 
may  be  said  to  be  also  the  normal  ratio  in  light  atoms  whose  nuclei  are 
made  up  from  a-particles  alone.  This  is  the  exact  ratio  in  the  nuclei 
of  carbon,  oxygen,  a-neon,  a-magnesium,  a-silicon,  sulfur  and  calcium; 
and  also  in  a-argon  (at.  wt.  =  36),  if  it  exists.  If  this  ratio  were  to  be 
preserved  the  atomic  weight  of  thorium  (atomic  number  90)  would  be 
180,  instead  of  232,  and  the  thorium  nucleus  would  contain  45  instead 
of  the  actual  58  a-particles.  However,  as  the  repulsive  effect  of  the  net 
positive  charge  increases,  this  relative  number  of  negative  electrons  be- 
comes too  small  to  overcome  the  repulsion,  and  extra  groups  containing 
4  negative  to  4  positive  electrons,  in  which  this  ratio  is  1  to  1,  are  taken 
up  in  order  to  increase  the  ratio  in  the  nucleus  as  a  whole.    The  ratio 

Total  number  of  negative  electrons  .    .      ,  ,  -    .         . 

— is   of   fundamental   importance  m 

Total  number  of  positive  electrons 

determining  in  general  the  stability  of  complex  nuclei,1  since  as  the  num- 
ber of  a-particles  and  the  resultant  positive  charge  on  the  nucleus,  to- 
gether with  the  accompanying  repulsion  increase,  it  is  necessary  to  in- 
clude negative  cementing  electrons  in  order  to  increase  the  percentage 
content  of  negative  electricity.  The  cementing  electrons  are  thus  included 
in  the  nuclei  of  high  net  positive  charge  in  order  to  counteract  the  repulsive 
effect  of  the  positive  charges^  by  increasing  the  ratio  of  negative  to  positive 
charges  in  the  nucleus  as  a  whole.    These  cementing  electrons  add  on  in 

.   No.  of  formula  electrons      .     .. 
1  A  recent  paper  by  Kossel  considers  the  ratio  — — — —  in  this  con- 
No.  of  formula  a-particles 

nection.    Physik.  Z.,  12,  265-9  (1919)*    This  ratio  will  be  considered  in  a  later  part 

of  the  present  paper,  under  cementing  electrons. 


Digitized  by 


Google 


ELECTRONS  IN  THE  NUCLEI  OF  ATOMS,   ETC.  1965 

pairs,  so  for  each  addition  the  above  ratio  increases  suddenly,  and  then, 
as  more  a-particles  add  on  by  themselves,  the  ratio  decreases  very  slowly, 
until  finally  the  net  positive  charge  increases  sufficiently  to  make  another 
increment  in  the  ratio  essential  for  the  maintenance  of  stability.  Ac- 
cording to  this  hypothesis,  if  the  number  of  cementing  electrons  were  to 
be  plotted  on  the  Y-axis,  and  the  nuclear  charge  on  the  X-axis,  a  hori- 
zontal line  coinciding  with  the  X-axis  would  be  obtained  until  atomic 
number  18  is  reached,  when  the  line  would  rise  to  2  electrons.  This  is 
shown  in  Fig.  2.  To  the  right  of  atomic  number  18  the  general  form 
of  the  cementing  electron  plot  should  be  given  by  a  second  horizontal 
line  (indicated  in  the  figure)  extending  toward  the  right,  another  sudden 
rise  to  2  electrons,  etc.,  that  is  by  a  series  of  horizontal  steps  of  different 
width,  but  with  a  uniform  vertical  spacing  (of  2  electrons).  The  lowest 
platform  or  step  is  the  widest  (in  the  horizontal  or  N  or  P  direction), 
and  in  general  the  steps  become  somewhat  narrower  as  the  number  of 
cementing  electrons  increases.  The  average  width  is  about  2.7a  changes 
per  step  after  the  rise  once  begins. 

The  Ratio  of  Negative  to  Positive  Electrons  (N/P)  in  the  Nucleus. 

Fig-  3  gives  the  total  number  of  negative  nuclear  electrons  (N)  on 
the  Y-axis,  and  the  number  of  positive  electrons  (P)  on  the  X-axis.  A 
slanting  straight  line  drawn  upward  toward  the  right,  starting  at  the 
origin,  has  a  slope  equal  to  1/2  or  0.5,  the  normal  slope  for  light  atoms.  On 
this  plot  atoms  of  the  helium-thorium  series  are  represented  by  open  cir- 
cles, the  meta-neon-uranium  series  by  circles  which  are  linked  in,  the 
lithium  series  by  triangles,  and  meta-chlorine  by  a  square.  A  cross  in- 
dicates that  the  element  weight  (ordinary  atomic  weight)  only,  is  kno\yn, 
and  that  the  element  is  supposed  to  be  a  mixture  of  isotopes  belonging  to 
different  series.  It  may  be  noted  that  up  to  about  calcium  the  helium 
series  atoms  lie  on  this  0.5  line,  those  of  the  lithium  series  very  slightly 
above  it,  and  the  meta-neon  series  still  higher.  Although  meta-magne- 
sium,  and  meta-silicon,  have  not  been  discovered,  black  circles  which 
represent  them,  based  on  the  hypothesis  that  they  are  members  of  the 
meta-neon  series,  are  included  in  the  plot  in  order  to  indicate  what 
their  relations  would  be.  This  is  also  true  in  all  of  the  other  figures 
of  this  general  type.  While  there  is  little  doubt  that  these  meta 
elements  exist,  it  is  possible  that  they  belong  to  another  series. 
From  calcium  on,  the  slope  of  the  plot  is  seen  to  be  greater  than  0.5. 
It  may  be  seen  that  most  of  the  elements  are  represented  as,  or 
assumed  to  be,  mixtures.  From  nickel  to  uranium  the  whole  plot  will 
undoubtedly  divide  into  a  number  of  series  similar  to  those  represented 
on  an  enlarged  scale  at  the  top  of  the  figure,  where  the  radioactive  atoms 
are  plotted.  However,  between  the  radioactive  atoms  and  the  light  atoms, 
other  series  than  those  thus  far  found  among  the  heavy  atoms,  such  as 
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the  lithium  series,  will  be  undoubtedly  found;  so  from  nickel  to  lead  the 
final  plot  should  be  even  more  complicated  than  that  given  for  the  radio- 
elements.  The  dotted  lines  on  the  plot  have  a  slope  of  1  :  i,  or  of  45 °. 
Thus  they  are  lines  along  which  the  difference  P  —  N  is  constant,  and 
since  P  —  N  gives  the  nuclear  charge  or  the  atomic  number,  these  are 
isotopic  lines,  or  lines  which  give  the  same  atomic  number.  The  actinium 
series  is  assumed  to  be  derived  from  uranium  II.  If  it  is  derived  from 
uranium  itself  the  only  change  necessary  in  the  diagram  is  to  shift  the 
whole  actinium  system  two  places  upward  along  these  isotopic  lines. 

Column  r,  or  N/P,  in  Table  I  shows  that  the  ratio  of  negatives  to  posi- 
tive electrons  for  all  of  the  light  complex  nuclei  of  even  atomic  number 
(sub-column  He)  with  the  exception  of  beryllium,1  is  exactly  one  to  two, 
or  0.5.  In  the  argon  nucleus  (of  at.  wt.  40)  this  ratio  suddenly  rises  to  0.55, 
falls  to  0.5  in  calcium,  rises  suddenly  again  to  0.542  in  titanium,  after  which 
it  falls  gradually  to  0.536  in  iron.  The  subsequent  fall  to  0,522  in  nickel 
probably  indicates  that  one  of  the  abundant  isotopes  in  nickel  has  an  atomic 
weight  equal  to  §6,  and  that  this  isotope  belongs  to  the  pure  a  division  of 
the  helium  series.  According  to  the  theory  advanced  in  this  paper,  the 
sudden  rise  in  the  ratio,  and  its  subsequent  gradual  fall,  should  be  charac- 
teristic of  each  series  of  atoms  through  its  entire  course  after  the  first 
rise  takes  place,  the  rise  with  increasing  atomic  number  being  coincident 
with  the  addition  of  two  cementing  electrons,  while  the  gradual  fall  is 
due  to  the  addition  of  a-particles  in  which  this  ratio  is  0.5,  which,  it  is 
apparent,  has  the  effect  of  reducing  any  ratio  higher  than  itself.  Table 
I  (Sections  C,  D  and  E)  shows  that  this  is  exactly  what  happens  in 
each  radio  series.  Consider,  for  example,  in  inverse  order  of  the 
disintegrations  which  occur,  the  primary  branch  of  the  uranium  series, 
beginning  with  radium  G,  the  lightest  atomic  species.  The  ratio 
starts  at  0.602,  falls  to  0.600  (a-addition),  rises  (^-additions)  quickly  to 
0.605  and  0.610,  then  falls  again  by  0.002  to  0.608,  rises  abruptly  to 
0.612  and  0.617,  and  then  falls  by  4  steps  of  0.002  to  0.607,  rises  to 
0.612  and  0.616,  and  finally  ends  in  0.614  in  uranium.  The  ratios  in 
the  thorium  and  actinium  series  follow  a  similar  set  of  changes,  with  very 
nearly  the  same  values. 

These  relations  may  be  made  more  prominent  by  considering  not  these 
ratios  themselves,  but  the  excess  of  the  ratio  over  the  lowest  constant  value 
(0.5),  that  is  N/P  —  0.5.  In  the  table  these  numbers  have  been  mul- 
tiplied by  4  and  are  given  in  the  Col.  4  (N/P  —  0.5). 

In  the  lithium  series  the  N/P  values  start  at  higher  values  for  the  light 
atoms  than  in  the  helium  series.  Thus  it  is  about  0.52  for  fluorine, 
sodium,  and  aluminum,  rises  to  about  0.55  for  vanadium,  manganese  and 

1  Leaving  out  of  consideration  the  less  abundant  isotopic  series  of  atoms  (Sub- 
Column  U). 
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Cobalt,  which  is  not  much  higher  than  in  the  helium  series.  Finaily, 
after  nickel  is  passed,  and  the  mean  number  of  cementing  electrons  be- 
gins to  rise  steadily,  the  ratio  falls  to  practically  the  same  values  as,  and 
even  below  those  for  the  helium  series,  but  shows  the  same  gradual  rise, 
reaching  the  value  0.602  in  iridium.  The  ratio  is  specially  high  in  both 
of  the  isotopic  (meta-neon  and  meta-chlorine)  series,  being  about  0.54 
for  meta-neon  (meta-magnesium,  meta-silicon)  and  meta-chlorine.  This 
particularly  high  ratio  is  due  to  the  presence  of  the  m  group,  so  it  is  found 
on  comparing  members  of  the  uranium  and  thorium  series  containing 
the  same  number  of  a-particles,  that  the  ratio  is  always  higher  in  the 
uranium  derivative.  The  ratio  is  specially  high  (0.572)  in  lithium,  and 
also  high  in  beryllium  (0.556),  and  boron  (0.545). 
The  Abundance  of  Atomic  Species  as  Related  to  the  Ratio  (N/P)  of 
Negative  to  Positive  Electrons  in  the  Nucleus. 
The  details  of  the  abundance  relations  of  the  elements  in  the  crust 
of  the  earth  and  the  meteorites  have  been  treated  in  an  earlier  paper  of 
this  series.1  While  the  ratio  N/P  is  not  the  only  factor  upon  which  the 
stability  of  an  atom  depends,  it  is  evidently  of  primary  importance. 
Thus  lithium,  beryllium,  and  boron,  with  the  relatively  high  values  of  the 
ratio  given  in  the  preceding  paragraph,  are  rare  both  in  the  metorites  and  on 
earth.  Carbon,  the  first  atom  in  the  system  in  which  the  ratio  falls  to 
the  normal  value  0.5,  is  the  lightest  complex  atom  found  in  any  consid- 
erable quantity  in  the  meteorites,  and  is  about  26  times  more  abundant 
in  the  lithosphere  than  any  of  the  three  atomic  species  just  mentioned. 
Nitrogen,  which  also  has  a  ratio  of  0.5,  is,  however,  not  abundant,  indi- 
cating that  other  factors  are  of  importance.2  However,  among  the  ele- 
ments of  atomic  number  less  than  18,  all  of  the  abundant  atomic  species, 
oxygen,  magnesium,  silicon,  and  sulfur,  have  just  this  value  of  the  ratio. 
Iron,  in  whose  nuclei  this  ratio  has  a  value  o .  536,  is,  nevertheless,  a  very 
abundant  element,  but  its  nuclear  charge  is  somewhat  high  (26)  which 
would  increase  the  value  of  N/P  essential  for  stability,  according  to  the 
theory  presented  earlier  in  this  paper. 

Both  from  the  known  data  on  the  abundance  of  the  elements  in  the 
meteorites,  and  from  Clarke's  estimate  of  the  composition  of  the  crust  of 
the  earth,  it  is  evident  that  no  atomic  species  which  has  a  ratio  of  N/P  greater 
than  0.54  (or  a  net  positive  nuclear  charge  higher  than  2Q)  occurs  in  an  atomic 
percentage  greater  than  0.01.  In  other  words,  all  such  elements  and 
atomic  species  are  relatively  very  rare. 

1  "The  Evolution  of  the  Elements  and  the  Stability  of  Complex  Atoms,"  This 
Journal,  39>  856-79  (1917). 

1  The  nitrogen  nucleus  contains  an  odd  number  of  negative  electrons.  In  an  earlier 
paper  it  has  been  pointed  out  that  the  presence  of  an  odd  number  of  negative  electrons 
is  always  accompanied  by  a  low  stability  for  a  radioactive  atom,  and  a  low  abundance 
for  other  atoms,  which  also  indicates  a  low  stability. 
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Cementing  and  Excess  Electrons  in  Atom  Nuclei* 

The  early  papers  of  this  series  gave  2  equations1  for  the  atomic  weights 
of  the  various  atomic  species,  and  from  them  calculated  the  number  of 
cementing  electrons  (c)  in  the  light*  and  also  in  the  heavy8  atoms.  If 
W  is  taken  to  represent  the  atomic  weight,  then 

W  -  P  (1) 

where  P  is  the  number  of  positive  electrons  in  the  nucleus  of  each  atom 
if  the  weight  is  that  for  a  pure  species  of  atoms,  but  is  merely  an  average 
value  if  the  elements  is  a  mixture  and  the  element  weight  is  used.  Now 
for  atoms  of  the  helium-thorium  series: 

P  -  2(w  +  c)  -  W  (2) 

where  n  is  defined  by  the  equation 

n  =  P  —  N  (3) 

in  which  N  represents  the  total  number  of  negative  electrons  in  the  nucleus. 
Thus  n  is  the  net  positive  charge  on  the  nucleus,  which  is  equal  to  the 
atomic  number,  and  also  to  the  number  of  non-nuclear  or  planetary  elec- 
trons. It  is  evident  that  for  the  calculation  of  the  number  of  a-cementing 
electrons,  Equation  2  may  be  put  in  the  following  form, 

c  -  W/2  —  n  -  P/2  —  n  =  P~2n  (4) 

2 

That  is,  the  number  of  cementing  electrons  is  equal  to  the  excess  of  half 
the  number  of  positive  electrons  over  the  net  positive  nuclear  charge. 
The  latter  is  sometimes  called  the  number  of  "free"  positive  electrons  in 
the  nucleus,  but  there  is  considerable  danger  that  this  term  may  be  in- 
terpreted in  a  false  sense,  since  all  of  the  positive  electrons  in  the  a-parti- 
cles  present  are  bound  with  exceeding  firmness. 

The  above  formulas  are  valid  for  only  the  members  of  the  helium- 
thorium  series,  but  they  may  be  used  for  the  lithium  series  also,  provided 
an  extra  term  is  added.  j[This  addition'gives 

p  «  W  -  2(*  +  c)  +  1/2  +  i/2(— i)—1  (5) 

c-W/2  —  n—i/4—  1/4  (-x)—!.  (6) 

While  Equations  5  and  6  hold  for  both  the  helium  and  lithium  series, 
they  are  not  valid  for  metaneon-uranium  series.  For  this  last  series  the 
following  relation  is  true 

c  =  W/2  —  n  —  i  =»  P/2  —  n  —  1.  (7) 

While  it  might  be  possible  to  combine  Equation  7  with  Equation  6  in 
such  a  way  as  to  give  one  equation  for  the  number  of  cementing  electrons 

1  This  Journal,  37, 1380,  1385,  1386,  1395  (ws). 

1  Ibid.,  30,  857-9  (1917). 

•  Phys,  Rev.,  15,  78-79.  77.  »5-94  (1920). 
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in  all  3  series,  the  resulting  formula  would  be  so  complicated  that  it  is 
more  convenient  to  use  the  equations  separately. 

In  1917  Durrant1  made  a  study  of  our  Equations  2  to  5,  and  in  agree- 
ment with  the  structural  formulas  for  the  atoms  published  one  month 
later  by  the  writer,  showed  that  c  remains  zero  up  to  argon,  then  sud- 
denly increases  by  2,  decreases  to  o  in  potassium,  calcium,  and  scandium, 
increases  again  by  2,  and  remains  at  that  value  up  to  atomic  number 
27  (cobalt).  Din-rant  plotted  c  and  showed  that  at  atomic  number  29 
its  value  begins  to  increase  with  an  almost  constant  slope  equal  to  */*, 
but  that  this  slope  increases  slightly  when  the  radioactive  elements  are 
reached.  He  supported  the  idea  presented  in  the  first  paper  of  this  series, 
according  to  which  this  is  a  region  of  numerous  isotopes  and  possibly 
consists  partly  of  the  remnants  of  radioactive  series,  which  may  still 
be  disintegrating  with  extreme  slowness,  and  may  extend  downward  as 
far  or  farther  than  iron. 

Whenever  Equations  2  and  4  are  used  for  members  of  the  uranium  or 
lithium  series,  they  should  be  represented  in  a  slightly  different  way  in 
order  to  prevent  confusion. 

W=2(n+/)=P  (8) 

or 

f=W/2-n  (9) 

where/  is  a  function  whose  values  are  equal  to  the  number  of  cementing 
electrons  whenever  the  atomic  species  is  a  member  of  the  helium-thorium 
series,  but  does  not  represent  any  specific  electrons  when  it  is  applied  to  any 
other  series,  since  it  indicates  the  presence  of  an  odd  number  of  cementing 
electrons  in  atoms  of  the  uranium  series  when  an  even  number  are  present, 
and  the  presence*  of  half  of  a  cementing  electron  in  many  of  the  atoms  of  the 
lithium  series.  In  spite  of  this  fact  Kossel.2  in  1919,  plotted  the  values 
of  /  as  obtained  from  our  Equation  9,  and  considered  the  equation  to  give 
the  number  of  cementing,  or  of  what  he  calls  beta  (0)  electrons,  in  the 
uranium  as  well  as  in  the  thorium  series.  The  plot  which  he  obtained  is 
practically  the  same  as  that  obtained  several  years  earlier  by  Durrant. 
A  Theoretical  Basis  for  the  Rule  of  Fajans. 

The  rule  of  Fajans  states  that  when  isotopes  alone  are  considered  it  is 
found  that  the  ^-disintegrations  increase  in  velocity  and  the  a  disintegra- 
tions decrease  in  velocity,  as  the  atomic  weight  rises.  In  order  to  give 
this  rule  greater  theoretical  significance  Kossel  puts  it  is  essentially  the 
following  form:  The  greater  the  ratio  of  the  number  of  0  (cementing) 
electrons  (0)  to  the  number  of  a-particles  (a)  in  the  nucleus,  that  is  the 
1  Durrant,  This  Journai,,  39,  621-7  (1917). 

•  Kossel,  Physik.  Z.,  20,  2659  (1919).  The  papers  of  Durrant  and  of  Kossel  should 
be  consulted  in  the  original,  together  with  the  earlier  papers  by  the  writer,  if  a  proper 
view  of  their  interrelations  is  to  be  obtained. 
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greater  P/a,  the  more  rapid  is  the  j8  disintegration  which  lowers  the 
ratio,  and  the  less  rapid  is  the  a  disintegration  which  raises  it.  Unfortu- 
nately, this  formulation  of  the  rule,  while  extremely  suggestive,  is  never- 
theless incorrect.  However,  Kossel  also  states  the  rule  in  another  form, 
in  which  he  replaces  the  ratio  P/a  as  given  above,  by  the  ratio  f/W.  In 
this  second  form  the  rule  is  found  to  hold  as  well  as  the  Fajans  rule  from 
which  it  is  derived,  though  it  will  be  shown  later  that  it  is  not  entirely 
exact,  since  when  the  differences  in  the  values  of  the  ratio  f/W  are  too 
small,  certain  specific  factors  sometimes  obscure  the  relationship. 

The  explanation  of  the  above  discrepancy  lies  in  the  fact  that  Kossel 
considers  that  the  ratios  p/a  and  f/W  are  proportional  to  each  other, 
which  is  not  the  case,  as  may  be  easily  seen.    Thus  since 

p  -  W   f/W  -  f/P.  (10) 

From  (3),  (8)*andI(io) 

f/P  =  P/2P  —  N/P  -  1/2  —  ^^  -  N/P  —  1/2.       (1 1) 

Now  P/4  is  approximately  equal  to  the  number  of  a-particles  in  the 
nucleus,  and  /  is  approximately  equal  to  the  number  of  cementing  elec- 
trons, so 

4f/P-4W/P-i/*)  (12) 

is  approximately  equal  to  the  ratio  P/a,  but  the  approximation  is  not  close 
enough  to  make  the  Kossel  relation  valid  when  expressed  in  terms  of  the 
latter  ratio. 

The  equations  given  above  indicate  that  the  real  theoretical  basis  of 
the  rule  of  Fajans  does  not  lie  in  the  ratio  P/a,  but  in  the  term  N/P — 0.5, 
which  is  the  excess  of  the  ratio  of  total  nuclear  negative  to  positive  elec- 
trons, over  the  normal  value  (0.5)  of  N/P  in  helium  itself,  and  in  the 
light  atoms  of  the  helium  series.  Since  the  relation  holds  for  N/P — 0.5, 
it  must  also  hold  for  the  values  of  N/P,  which  is  the  important  factor,  and 
not  the  values  of  P/a. 

The  rule  of  Fajans  may  now  be  stated  in  the  following  new  form.     The 

Al        A .    Total  number  of  negative  electrons    .     Af  .        At 

greater  the  ratio  — m  the  nucleus  the 

Total  number  of  positive  electrons 

more  rapid  is  a  P~disintegration  which  lowers  the  ratio,  and  the  less  rapid  is 
an  a-disintegration  which  raises  it,  provided  the  net  positive  charge  on  all 
of  the  nuclei  considered  is  the  same,  that  is,  when  isotopes  alone  are  consid- 
ered.1   In  Fig.  3  the  ratio  N/P  increases  with  the  height  along  an  isotopic 

1  Note  on  a  Reversal  of  the  Above  Relationship.  The  general  idea  on  which  the 
above  relationship  is  based,  is  that  as  it  becomes  more  negative  in  the  sense  that  N/P 
increases,  the  nucleus  binds  positively  charged  particles  more  firmly,  and  negatively 
charged  particles  less  firmly.  While  if  isotopic  atoms  alone  are  considered,  that  is 
nuclei  of  constant  net  charge,  there  are  only  two  complete  exceptions  to  the  relation- 
ship in  about  37  disintegrations,  there  is  an  apparent  reversal  of  the  rule  when  the 
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line,  and,  therefore,  the  period  of  0  disintegrations  decreases,  and  of  the 
a  disintegration  increases,  with  the  height  along  these  lines.  This  figure 
gives  a  plot  which  may  be  considered  to  present  the  normal  or  equilibrium 
values  of  N  and  P  for  the  more  stable  types  of  atoms.  It  will  be  seen 
that  while  the  isotopes  of  krypton1  differ  in  atomic  weight  by  8,  a  considerable 
difference,  none  of  these  isotopes  lies  very  far  away  from  the  line  representing 
the  mean  values  of  N  and  P  for  the  adjacent  elements.  Aston's  work  indi- 
cates that  Kr78,  the  isotope  which  lies  farthest  away  from  the  line  of  mean 
values,  is  present  in  krypton  in  only  very  small  quantities.  Figs.  4  and  5 
give  the  values  of  the  function  /,  that  is  of  N/P  — 1/2,  so  they  represent  the 
rise  of  the  N,  P  plot  in  Fig.  3  above  the  straight  line  which  has  the 
normal  slope  equal  to  1/j.  The  heavy  line  in  Fig.  5  represents  the  number 
of  cementing  electrons,  given  separately  in  Fig.  2,  while  the  lighter  lines 
plot  the  values  of  the  function  /.  It  will  be  noted  that  both  Fig.  4  and 
Fig.  5  have  the  same  general  form,  and  that  the  former  appears  very 
much  as  if  it  were  the  latter  plot,  the  peaks  of  which  have  all  been  pushed 
over  toward  the  right.  This  is  due  to  the  fact  that  the  higher  the  / 
values  in  isotopic  species  of  atoms  (P  —  N  =  const.),  the  higher  is  the 
total  number  of  negative  electrons,  and  therefore  the  greater  is  the  value 
of  P,  which  is  plotted  on  the  X-axis  in  Fig.  4. 

In  the  principal  plots  of  these  figures  an  open  circle  represents  a  mem- 
ber of  the  helium-thorium  series  of  atoms  between  atomic  numbers  2 
nuclear  charge  varies.  There  are  also  3  partial  exceptions  to  the  rule,  in  that  members 
of  the  radium  and  actinium  series  of  the  same  N/P  ratio,  have  different  periods,  but 
this  is  to  be  expected  as  the  result  of  more  specific  influences.  These  statements  are 
based  on  the  idea  that  the  actinium  series  springs  from  Un.  Thus  the  reversal  occurs 
in  successive  a  disintegrations,  since  as  is  well  known,  the  period  and,  therefore,  the 
stability  of  the  nucleus,  with  reference  to  the  giving  off  of  a-particles,  decreases  rapidly 
as  the  disintegration  proceeds.  That  is,  as  it  becomes  less  positive,  both  with  respect 
to  its  net  charge  and  with  reference  to  the  ratio  N/P,  the  nucleus  holds  each  succeeding 
positive  particle  less  firmly,  so  as  the  relative  negative  electron  content  increases,  the 
stability  with  reference  to  the  retention  of  positive  a-particles  decreases.  In  the  radium 
series  there  are  5,  and  in  both  the  actinium  and  the  thorium  series  as  now  known,  4  such 
successive  a-disintegrations.  There  is  also  a  reversal  with  respect  to  the  loss  of  negative 
electrons,  since  the  second  ^-disintegration  is  always  more  rapid  than  the  first  in  the 
case  of  2  successive  changes  of  this  nature,  even  though  the  nucleus  is  becoming  more 
positive  by  the  loss  of  its  ^-particles.  There  is  thus  an  irregular,  but  periodic  variation 
in  the  stability  of  nuclei  in  any  one  series.  As  an  hypothesis  to  account  for  this  fact 
it  has  been  suggested  in  an  earlier  paper  that  the  negative  cementing  electrons  are 
grouped  in  pairs,  and  that  in  the  nucleus  the  a-particles  are  grouped  in  aggregates 
containing  4  or  5  (and  probably  other  numbers,  as  low  as  one)  such  particles  in  each 
group,  and  that  each  aggregate  becomes  less  stable  as  it  decreases  in  size.  (Phys. 
Rev.,  15,  88  (1920)). 

1  When  this  paper  was  sent  to  This  Journal  Aston's  note  in  Nature,  giving  news 
of  his  work  on  the  isotopes  of  krypton,  xenon,  etc.,  had  not  been  received.  The  dis- 
cussion presented  here,  and  the  values  representing  the  isotopes  of  silicon  as  presented 
in  Table  I  and  Fig.  4,  were  inserted  later  by  permission  of  the  editor. 


Digitized  by  VjOOQIC 


1974 


WILLIAM  D.  HARKINS. 


Digitized  by  VjOOQIC 


ELECTRONS  IN  THE  NUCLEI  OF  ATOMS,  ETC. 


1975 


and  27,  but  from  28  to  80  they  represent  only  that  the  atomic  number 
is  even,  except  where  more  than  one  isotope  is  given.  With  the  same  con- 
ventions, an  open  triangle  represents  either  a  lithium  series  atom,  or  an 
element  of  odd  atomic  number,  while  an  inked  in  circle  indicates  a  num- 
ber of  the  metaneon-uranium  series,  and  a  similar  triangle,  of  the  meta- 
chlorine  series. 


SUOM09/J  Suiww^j 


It  will  be  seen  that  Krgo  in  Fig.  3  is  almost  coincident  with  Brav.  and 
Kr«  is  not  far  from  Srav#.  The  number  of  formula  electrons  in  krypton 
k  3i  4i  5i  5!A»  6  and  7  for  the  atomic  weights  78,  80,  82,  83,  84  and  86. 
Aston  finds  the  atomic  weights  of  xenon  to  be  128,  130,  131,  133  and  135, 
and  this  indicates  formula  electron  contents  10,  11,  ii1/**  i2Vi>  and  i3V2« 
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Tabuj  I,  C. 

Uranium  Series  in  Order  of  Disintegration. 

Net 

positive 
charge.  Atom. 

Posi- 
tive 
elec- 
trons. 

Nega- 
tive 
elec- 
trons. 

0- Par- 
ticles.   N/P. 

Electrons. 

Element. 

Ce- 
ment- 
ing. 

Ex- 
cess. 

For- 
mula 

4(JV/P 
.   —0.5). 

U 

92 

U 

238 

146 

59     0.614 

26 

28 

27 

0.4538 

Th 

90 

UXi 

234 

144 

56*     O.616 

26 

28 

27 

O.4615 

Bv 

91 

UX, 

234 

143 

58     0.6 I 2- 

-  25 

27 

26 

O.4446 

u 

92 

u, 

234 

142 

58     0.607 

24 

26 

25 

O.4273 

Th 

90 

Io 

230 

140 

57     0.609 

24 

26 

25 

0.4350 

Ra 

88 

Ra 

226 

138 

56     0.611 

24 

26 

25 

0.4425 

Nt 

86 

RaEm 

222 

136 

55     0.613 

24 

26 

25 

0.4505 

Po 

84 

RaA 

218 

134 

54     0615 

24 

26 

25 

0.4587 

Pb 

82 

RaB 

214 

132 

S3     0.617 

24 

26 

25 

O.4672 

Bi 

83 

RaC 

214 

131 

53     0.612 

23 

25 

24 

O.4482 

Po 

84 

RaC 

214 

I30 

53    0.608 

22 

24 

23 

O.4300 

Pb 

82 

RaD 

2IO 

128 

$2      0.6l0 

22 

24 

23 

O.4380 

Bi 

83 

RaB 

2IO 

127 

52      O.605 

21 

23 

22 

O.41OO 

Po 

84 

RaF 

2IO 

126 

52      O.600 

20 

22 

21 

O.4000 

Pb 

82 

RaG 

206 

124 

51      O.602 

20 

22 

21 

O.4078 

Secondary  Branch  of  Uranium  Series. 

Pb 

82 

RaB 

214 

132 

53    0.617 

24 

26 

25 

O.4672 

Bi 

83 

RaC 

214 

131 

53    0.612 

23 

25 

24 

O.4482 

Tl 

81 

RaCi 

210 

I2Q 

52    0.6141 

23 

25 

24 

0  4570 

Pb 

82 

End 

210 

128 

52    0.6095 

22 

24 

23 

O.4380 

Th 
Ra 
Ac 
Th 
Ra 
Nt 
Po 
Pb 
Bi 
Po 
Pb 

Pb 
Bi 
Tl 
Pb 


Tabids  I,  D. 
Thorium  Series  in  Order  of  Disintegration. 


90  Th 

88  MsThi 

89  MsThj 

90  RaTh 
88  ThX 
86  ThEm 
84  ThA 

82  ThB 

83  ThC 

84  ThC 
82  PbTh 

82  ThB 

83  ThC 

81  ThD' 

82  End? 


232  142  58  0.612  26  26  26 

228  140  57  0.614  26  26  26 

228  139  57  0.610  25  25  25 

228  138  57  0.605  24  24  24 

224  136  56  0.6071  24  24  24 

220  134  55  0.6091  24  24  24 

216  132  54  o.6ii!  24  24  24 

212  130  53  0.613%  24  24  24 

212  129  53  0.608%  23  23  23 

212  128  53  0.603s  22  22  22 

208  126  52  O.606  22  22  22 

Secondary  Branch  of  Thorium  Series. 

212  130  53  0.613%  24  24  24 

212  129  53  o.6o8«  23  23  23 

208  127  52  o.6wh  23  23  23 

208  126  52  0.606 —  22  22  22 


0.4485 
0.4562 

04387 
0.4210 
0.4285 
04363 
0.4445 
0  4527 
04343 
0.4150 
0.4230 


0.4527 
o.4343 
0.4421 
0.4230 
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Table  I,  £. 
Actinium  Series  (Assumed  to  be  Derived  from  U*).* 


if  from  U. 

Th 

90 

UY 

230 

140 

57 

0.608s 

24 

26 

25 

0.4350 

O.4615 

Pa 

91 

Eka-Ta 

230 

139 

57 

0.604s 

23 

25 

24 

0.4172 

O.4446 

Ac 

89 

Ac 

226 

'37 

56 

o.6o6\ 

93 

*5 

24 

0,4248 

045*3 

Th 

90 

RaAc 

226 

136 

56 

0.602— 

•  22 

24 

23 

0.4070 

0.4350 

Ra 

88 

AcX 

222 

134 

55 

o.6o3« 

22 

24 

23 

0.4144 

0.4425 

Nt 

86 

AcEm 

218 

132 

54 

0.605* 

22 

24 

23 

0.4220 

0.4505 

Po 

84 

AcA 

214 

130 

53 

0.607, 

22 

24 

23 

0.4298 

O.4587 

Pb 

82 

AcB 

210 

128 

$2 

0,600% 

22 

*4 

23 

0.4380 

O.4672 

Bi 

83 

AcC 

210 

127 

52 

0.605 

21 

23 

22 

0.4x92 

O.4482 

Po 

84 

AcC 

210 

126 

52 

0.600 

20 

22 

21 

0.4400 

O.4300 

PbAc 

82 

AcE 

206 

124 

5i 

0.602 

20 

22 

21 

0.4078 

O.4380 

Pb' 

82 

AcD 

206 

124 

51 

0.602 

20 

22 

21 

0.4078 

P  - 

no.  of  positive  electrons,  N  ■ 

■  no. 

of  negative  electrons. 

"  E.  Q.  Adams  considers  that  the  atomic  weight  of  lead  derived  from  actinium  is 

207.    If  this  is 

the  case 

all  of  the  values  for  the  actinium  s 

series 

\  should  be  recalculated. 

The  cementing  electron  content  is  of  much  more  interest  (Fig.  2).  For 
the  lowest  krypton  it  is  2,  for  the  next  3  higher  it  is  4,  and  for  the  2  high- 
est it  is  6,  so  if  the  heavy  cementing  electron  line  were  to  be  extended  to- 
ward the  right  in  Fig.  5,  there  would  be  3  horizontal  steps  at  2, 
4  and  6.  This  indicates,  too,  that  the  step  for  2  cementing  electrons, 
extends  from  argon  to  krypton,  or  from  atomic  number  18  to  36  at  least, 
which  is  almost  equal  to  the  range  of  the  o  step  from  helium  to  calcium. 
However,  as  has  already  been  stated,  it  is  extremely  likely  that  one  of 
the  isotopes  of  nickel  (No.  28)  has  a  zero  cementing  electron  content, 
so  the  extent  of  the  zero  step  is  considerable  (equal  to  about  26).  The 
number  of  cementing  electrons  in  the  lowest  3  xenons  is  10,  in  the  next 
higher  is  12,  and  in  the  highest  it  is  uncertain.  If  this  xenon  135  is  a 
member  of  the  meta-chlorine  series,  it  contains  12  such  electrons  and 
there  are  only  2  such  steps.  Here  the  cementing  electrons  are  only  those 
concerned  in  cementing  on  extra  a-particles.  Whether  electrons  may  be 
given  off  from  v  or  /*  groups  has  not  been  determined,  if  not,  such  elec- 
trons should  be  classed  as  binding  electrons. 

Col.  E,  in  Table  I,  gives  the  number  of  excess  electrons  e  where 
this  term  indicates  all  of  the  nuclear  negative  electrons  which  are  not 
contained  in  the  a-particles  themselves,  or 

e-N-N*  (13) 

where  2Va&  is  the  number  of  binding  electrons  in  the  a-particles. 

In  the  helium-thorium  series 


=  c 


in  the  metaneon-uranium  series 

e  «*  w/2  —  n  +  1  =  P/-2  —  n  +  1 


(14) 
(15) 
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and  in  the  lithium  series 

e  =  c  +  2  =  P/2—  n  +  3/2.  (16) 

In  Table  I  the  sub-columns  marked  He  include  members  of  the  helium- 
thorium  series,  those  marked  U  include  members  of  the  metaneon-uranium 
series,  0  indicates  that  the  sub-column  relates  to  atoms  of  odd,  and  e 
that  it  relates  to  atoms  of  even  atomic  number. 

Suggested  Formulas  for  the  More  Abundant  Light  Atoms. 
Formulas  for  the  light  atoms  which  are  in  agreement  with  the  data 
of  Table  I,  are  given  in  Table  II.    These  formulas  were  given  in  part 
in  an  earlier  paper  in  This  Journal,  but  it  is  desirable  to  reproduce  them 
to  indicate  minor  changes  and  to  correct  errors  in  typesetting. 

Table  II. 
Hypothetical  Composition  of  Light  Atoms  and  their  Nuclei. 


Formula  of  nucleus. 


Helium 
Symbol.  series. 

He a 

Li 

Be (am/J) 

or  (*!/3)i/3, 

B 

C at 

N 

0 04 

E 

New a» 

Nea 

Na 

Mg24 <** 

Mgie 

Al 

Sits ai 

SiM 

P 

S a% 

Clu 

C1,t 

Am at 

A40 aio0i 

K 

Ca aio 

Sc 

Ti au/3i 

V 

Cr aitPt 

Mn 

Fe auPt 

Co 


Metaneon 
series. 


am 


(«eu) 


(«7 


M) 


Lithium  series. 


Metachlo- 
rine  series. 


Non-nuclear  electrons. 


\a 


Xaj 


Xou 


Xat 


Xa« 


Xa? 


Xa§ 


ap 


(<*IW0) 


ay 


air 


aiv 


air 


(antitfi) 


Xan^a     aupfo 


Xauft     aarpt 


Xa?M       a&n 


Inner. 

e* 
e% 
e% 

e% 
e% 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
et 
e% 
ex 
e% 
ex 
e% 
et 
et 


Valence 
Middle,  or  outer. 


e 

et 


e% 

e% 

e% 

e% 

e% 

e% 

e% 

e% 

et 

et 

et 

et 
et  +  e% 
et+et 
et  +  et 
et  +  «• 
et  +  et 
et  +  et 
et  +  e% 
et  +  et 
et  +  «s 
et  +  e% 
et  +«• 


e* 
et 
et 

ei 


e 

e% 

et 

* 

«4 

et 
et 

ei 
ei 


e 

et 
e% 
ei 
et 
e% 
ei 
et 
et 
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Columns  a  and  b  give  alternative  formulas  for  the  respective  nuclei, 
the  formulas  in  Col.  b  being  based  on  the  hypothesis  that  the  nucleus 
of  the  lithium  atom  contains  one  a-particle. 

The  parentheses  around  the  nuclear  formulas  for  nitrogen  and  scandium 
indicate  that  these  nuclei  do  not  belong  to  the  series  under  which  they 
are  placed,  while  those  around  the  formulas  for  metamagnesium  and 
metasilicon  indicate  that  these  species  have  not  been  discovered. 

Formulas  for  the  heavy  atoms  will  be  found  in  an  earlier  paper  l    It 

should  be  noted  that  the  formulas  given  above  for  A40  and  Ca,  indicate 

that  their  atoms  are  isomeric. 

P  P 

The  New  Periodic  System  and  the  Values  of  N ,  (equal  to  -  —  n) 

2  2 

or  the  Number  of  Formula  Electrons. 

The  writer  has  already  presented  evidence  that  there  is  a  periodic 
variation  in  the  abundance  of  the  elements  as  a  function  of  the  atomic 
number,  and  N.  F.  Hall*  has  shown  the  same  periodicity  in  the  proper- 
ties of  the  radioactive  elements.  Figs.  4  and  5  indicate  that  there  is 
also  a  periodic  variation  of  the  same  general  nature,  in  the  values  of  /, 
that  k  in  N  —  P/2.  Leaving  the  isotopic  atoms  out  of  account,  it  is 
apparent  that  the  values  of  /  for  the  atoms  of  odd  nuclear  charge  are 
higher  than  for  those  of  even  number  among  the  atoms  from  atomic 
number  8  to  28,  that  is  the  peaks  occur  on  the  odd  numbers.  Strangely 
enough,  this  relationship  is  reversed  in  the  average  values  plotted  for  ele- 
ments 31  to  82,  for  in  this  range  practically  all  of  the  peaks  occur  on  the 
even  numbers,  and  practically  all  of  the  troughs  on  the  odd  numbers. 

The  seeming  reversal  of  this  relationship  seems  to  be  complete  in  cer- 
tain ranges.  Thus  from  atomic  numbers  44  to  51,  and  from  59  to  71 
(with  the  possible  exception  of  61,  which  has  not  been  discovered)  each 
even  number  is  represented  by  a  peak  and  each  odd  number  by  a  trough. 
If  the  diagram  is  examined  between  atomic  numbers  9  and  15  it  will  be 
seen  that  this  is,  however,  just  the  relationship  which  also  holds  in  this 
range  if  the  thorium  series  atoms  are  left  out  of  account,  and  if  the  uranium 
or  isotopic  species  of  atoms  are  the  only  ones  considered  for  the  even 
numbers.  Thus  the  general  relations  between  atomic  numbers  44  and 
51,  and  59  and  71,  is  just  what  would  be  expected  if  most  of  the  even 
atomic  species  in  these  ranges  belong  to  the  uranium,  and  not  to  the 
thorium  series,  that  is  if  the  most  abundant  isotopes  are  members  of  the 
former  series.  It  is  apparent  from  the  large  scale  plot  that  in  the  ranges 
above  specified  the  mean  elevation  of  the  points  which  represent  even, 
above  those  which  represent  the  adjacent  odd  atomic  numbers  is  of  about 
the  same  magnitude  as  is  found  between  the  uranium  and  lithium  series 
1  Pkys.  Rev.,  15,  86-89  (1920). 
*  N.  F.  Hall,  This  Journal,  39, 1616-9  (191 7). 
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among  the  light  atoms.  However,  that  this  apparent  explanation  may 
not  be  correct,  is  indicated  by  the  fact  that  the  same  relation  is  found  be- 
tween thallium  (odd),  ordinary  lead  (even),  and  bismuth.  Now  it  seems 
probable  that  ordinary  lead  is  a  mixture  in  almost  equal  percentages  of 
lead  from  uranium,  so  it  is  possible  that  the  explanation  may  be  found  in 
the  electron  content  of  the  atoms  of  odd  number. 

It  is  evident  that  all  of  the  atoms  of  extremely  high  relative  negative 
electron  content,  have  even  atomic  numbers.  For  example,  tellurium 
(52)  particularly,  and  barium  (56),  and  selenium  (34),  lie  on  especially  high 
peaks.  The  atoms  from  31  to  34,  and  much  more  markedly  the  radio- 
active atoms  from  radium  to  uranium,  exhibit  abnormally  large  values 
of  /.  In  fact  the  /  values  for  all  of  the  radio  atoms  are  high  when  com- 
pared with  the  rest  of  the  plot,  with  the  exception  of  radium  F,  radium- 
lead,  thorium  C,  lead  from  thorium,  and  uranium. 

The  electron  content  is  relatively  low  in  elements  39  to  51,  and  59  to 
63,  the  latter  elements  being  praseodymium,  neodymium,  eka-neodymium, 
samarium,  and  europium,  the  former  yttrium  to  antimony.  From  34  to 
42  the  formula  electron  content  is  almost  constant  at  about  12,  as  has 
been  pointed  out  by  Kossel.  The  slope  of  the  plot  from  atomic  number 
29  to  84  is  approximately  0.335  electrons  per  atomic  number,  or  Vt,  or 
on  the  average  one  pair  of  cementing  electrons  is  added  for  each  3  a  addi- 
tions, while  among  the  radioactive  atoms  this  occurs  on  the  average  for 
1.66  a  changes. 

Fig.  5  shows  that  whenever  the  atomic  weight  decreases  with  increasing 
atomic  number,  this  is  due  to  a  sudden  drop  in  the  number  of  formula 
electrons,  accompanied  by  a  corresponding  decrease  in  the  cementing 
electrons  in  the  nucleus. 

An  important  deduction  may  be  drawn  from  the  cementing  electron 
plot  (Fig.  2)  which  gives  the  number  of  cementing  electrons  between 
atomic  numbers  2  and  27  and  between  82  and  92,  as  calculated  from  Equa- 
tions 6  and  7,  while  from  28  to  81  only  Equation  6  is  used.  It  will  be 
noted  that  in  the  range  between  numbers  32  and  7Q  every  even  numbered 
element  is  represented  by  a  peak  in  the  curve,  while  every  odd  numbered  ele- 
ment is  represented  by  a  trough,  though  between  atomic  numbers  2  and  27 
both  the  even  and  the  odd  numbered  elements  lie  together  on  2  horizontal 
lines,  that  is  2  lines  which  indicate  a  cementing  electron  content  of  o  and 
2,  respectively.  This  suggests  that  while  the  atomic  species  represented 
between  numbers  2  and  27  are  largely  pure,  between  numbers  32  and  79 
either  each  even  or  each  odd  numbered  element,  or  both,  ceases  to  be 
a  single  pure  species.  An  inspection  of  Equation  6  indicates  that  if  an 
odd  numbered  element  should  happen  to  contain  a  considerable  propor- 
tion of  helium  series  atoms,  Equation  6  would  give  too  low  a  content  of 
cementing  electrons,  as  the  equation  is  developed  on  the  basis  that  odd 
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numbered  elements  consist  entirely  of  members  of  the  lithium  series.  If 
the  odd  numbered  element  should  belong  entirely  to  the  helium  series,  then 
a  result  too  low  by  0.5  of  a  cementing  electron  would  be  obtained.  On 
the  other  hand,  the  inclusion  of  either  lithium  or  uranium  series  atoms  in 
elements  of  even  atomic  number  increases  the  result  calculated  from 
Equation  6  above  the  proper  value  (by  1 .5  if  the  element  contains  only 
lithium  series,  or  by  1 .0  if  it  contains  only  uranium  series  atoms).  It  is 
of  interest  to  note  that  in  the  range  given  the  mean  elevation  of  the  even 
over  the  odd  numbered  points  is  1 . 1  cementing  electrons. 

On  the  Existence  of  Alpha  Particles  in  Complex  Nuclei. 
Two  recent  papers1  have  treated  the  structure  of  complex  nuclei  as  if 
they  are  aggregates  of  positive  and  negative  electrons  which  are  not 
grouped  into  a-particles  or  /x  or  mass  3  particles,  but  are  arranged  in  what 
seems  to  the  writer  of  the  paper,  the  most  stable  general  arrangement  for 
the  number  of  positive  and  of  negative  electrons  concerned.  There  are  a 
number  of  facts  and  well  grounded  theories  which  seem  to  indicate  that 
the  a-particles  largely  preserve  their  identity  in  complex  nuclei.  Thus 
(1)  a-particles  are  shot  out  from  such  nuclei,  (2)  the  atomic  weights  and 
nuclear  charges  of  pure  species  indicate  that  complex  nuclei  are  largely 
built  from  groups  with  a  weight  of  4  and  a  charge  of  2,  and  (3)  while  there 
is  a  change  of  weight  and  presumably  of  mass  equal  to  o .  77%  in  the  forma- 
tion of  one  a-particle  from  4  positive  and  2  negative  electrons,  the  change 
of  weight  and  mass  when  3  or  more  a-particles  unite  to  form  a  more  complex 
nucleus,  is  so  small  that  it  has  not  been  detected.  Thus  the  a-complexes  are 
extremely  less  stable  than  the  a-particles  itself.  It  should  be  kept  in  mind, 
however^  that  there  may  be  some  loss  of  identity  in  the  union  into  a  com- 
plex nucleus,  since  there  may  be  a  partial  redistribution  of  linkages  with 
little  change  in  the  total  energy,  and,  therefore,  very  little  packing  effect, 
that  is  loss  or  gain  of  mass. 

The  Search  for  Eka-Cesium  and  Eka-Iodine,  and  the  Question  as  to  the 
Existence  of  Elements  of  Higher  Atomic  Number  than  Uranium. 
Serious  attempts  to  separate  eka-cesium  have  been  made  by  Richards 
and  Archibald,2  by  Baxter,1  and  by  Dennis  and  Wyckoff.4  So  far  as  is 
known  to  the  writer  no  extensive  investigation  has  been  carried  out  for 
the  purpose  of  dicovering  an  element  of  higher  atomic  number  than  uran- 
ium. The  positive  charge  on  the  nucleus  of  uranium  has  already  a  high 
value  (92)  and  the  resultant  self-repulsion  may  be  so  high  that  if  any 
atoms  of  higher  atomic  number  have  existed  on  earth  at  any  time,  they 
have  already  disintegrated  so  completely  that  they  exist  in  such  small 

1  Haas,  Physik.  Z.,  18,  400-2  (1917);  Schmidt,  ibid.,  20,  448-50  (1919). 

1  Proc.  Am.  Acad.,  38,  443  (1903). 

1  This  Journal,  37,  286  (1915). 

4  Ibid.,  4^985  (1920). 
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amounts  that  they  cannot  be  detected  by  any  ordinary  means.  That 
serious  endeavors  to  discover  such  elements  have  not  been  made  is  proba- 
bly due  to  a  widespread,  but  unexpressed  idea  that  such  elements,  if  they 
exist,  would  be  extremely  radioactive,  and  so  would  have  been  detected 
in  radioactive  measurements  on  known  materials.  It  seems  worth  while, 
in  this  connection,  to  consider  certain  facts  in  regard  to  the  atoms  of  high 
atomic  number. 

Ordinary  bismuth,  which  is  probably  a  mixture  of  isotopes,  though  it 
may  or  may  not  consist  largely  of  one  atomic  species,  has  a  nuclear  charge 
equal  to  83.  Above  this  there  is  no  very  stable  species  of  atoms  up  to 
thorium,  (90)  the  most  stable  isotope  of  which  has  an  average  life  of  2 . 5  X 
io10  years.  It  is  also  a  fact  that  the  most  stable  isotope  of  elements  of 
even  atomic  number,  has  in  general  a  greater  stability  than  when  the 
atomic  number  is  odd.  It  would  seem  that  if  any  such  elements  exist 
at  all,  they  would  be  more  likely  to  belong  in  the  osmium,  platinum, 
mercury,  lead,  or  polonium  groups,  with  possible  atomic  numbers  94,  96, 
98,  100,  and  102.  Which  of  these  would  be  the  most  stable  is  not  indi- 
cated by  the  theory  in  its  present  state,  though  98  or  100  would  be  indi- 
cated if  the  series  above  uranium  should  be  similar  to  that  below  it* 

With  respect  to  eka-cesium  and  eka-iodine  it  should  be  noted  that  bis- 
muth (83)  has  the  highest  atomic  number  which  is  odd  with  the  exception 
of  those  atomic  species  which  are  descendants  of  the  uranium  or  of  thorium, 
and  that  both  of  the  uranium  series  (radium  and  actinium  series),  and  the 
thorium  series  as  well,  as  now  known,  omit  the  atomic  numbers  85  (eka- 
iodine)  and  87  (eka-cesium),  while  both  the  uranium-actinium  and  the 
thorium  series  include  every  other  atomic  number  from  82  to  92,  inclu- 
sive. From  this  standpoint  the  discovery  of  either  of  these  elements  in- 
volves either  the  discovery  of  new  branches  of  these  radio  series  or  of  a 
new  radio  series,  or  else  it  involves  the  pushing  upward  of  the  odd  num- 
bered series  from  a  nuclear  charge  of  83  (bismuth)  to  85  and  87.  The 
odd  numbered  descendents  of  uranium  and  thorium  owe  their  odd  nuclear 
charge  to  an  odd  number  of  negative  nuclear  electrons,  which,  it  has  been 
seen,  leads  to  instability.  That  eka-cesium  and  eka-iodine  are  indicated 
by  the  Mendeleef  periodic  system  does  not  show  that  they  exist  any 
more  than  it  shows  the  existence  of  atoms  with  a  nuclear  charge  higher 
than  92.  On  the  other  hand,  eka-manganese,  dwi-manganese,  eka- 
neodymium,  and  eka-lutecium  have  atomic  numbers  which  are  small 
enough  to  give  little  reason  to  suspect  their  non-existence. 
Mutual  Electromagnetic  Mass,  the  Relativity  Effect,  and  the  Question 
of  a  High  Frequency  Radiation  Taken  up  or 
Given  Off  by  Atom  Nuclei. 

According  to  one  of  the  older  theories  the  disintegration  of  radio  atoms 
is  due  to  energy  absorbed  in  the  form  of  radiation ;  in  later  years  the  energy 
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utilized  has  been  supposed  to  be  that  stored  up  in  the  nucleus.  The  older 
theory  has  recently  been  revived  by  Perrin.  If  the  atomic  weights  of 
the  radio  elements  were  known  with  sufficient  accuracy,  it  should  be 
possible  to  make  a  decision  between  these  2  theories,  provided  only  one 
of  these  effects  is  operative.  If  the  latter  theory  is  considered,  it  is  found 
that  when  interpreted  in  accord  with  the  idea  that  energy  has  mass,  it 
indicates  that  the  change  of  mass,  and  presumably  of  atomic  weight  be- 
tween uranium  and  lead,  should  be  greater  than  the  sum  of  the  masses 
of  the  a-particles  shot  off,  when  the  mass  of  the  latter  is  taken  when  they 
are  at  rest.  According  to  the  relativity  theory  it  should  be  0.05  g.  per 
gram  atom  greater  in  the  specific  case  cited.  According  to  the  idea 
that  the  energy  is  absorbed  from  a  penetrating  radiation,  the  difference 
in  the  atomic  weights  need  be  no  more,  and  from  the  point  of  view  taken 
by  Perrin,  that  the  reaction  is  highly  endothermal,  would  be  less  than 
the  sum  of  the  masses  of  the  a-particles.  The  present  atomic  weights 
indicate  a  difference  greater  than  that  required  by  the  energy  storage 
theory,  but  this  fact  does  not  decide  the  question,  since  the  accuracy  of 
the  atomic  weights  is  at  present  too  low  for  a  definite  decision.  According 
to  the  radiation  theory  the  different  atoms  of  a  pure  atomic  species  would 
differ  in  mass  slightly,  according  to  their  energy  content,  and  would 
have  a  specially  high  mass  just  before  they  disintegrate.  In  later  para- 
graphs the  data  will  be  discussed  from  the  standpoint  of  the  storage- 
relativity  theory,  though  the  writer  is  favorably  inclined  toward  the  idea 
that  energy  may  enter  and  leave  the  nuclei  by  the  action  of  some  form 
of  radiation.  * 

The  decrease  in  mass  in  the  formation  of  one  gram  atom  of  helium 
nucleus  is  equivalent  to  6.71  X  io11  calories  according  to  the  relativity 
theory.  Earlier  papers  of  the  series  show  that  the  change  of  mass  which 
occurs  is  0.77%,  and  that  when  these  a-particles  combine  with  each 
other  there  is  practically  no  change  of  mass.  The  question  which  now 
arises  concerns  the  packing  effect  in  other  primary  electron  groups,  such 
as  the  v  group  (or  lithium  nucleus),  and  the  m  group.  If  the  atomic 
weights  of  lithium,  determined  by  Richards  and  Willard,  and  of  boron, 
determined  by  Smith,  are  considered  as  exact,  then  it  is  found  that  the 
packing  effect  in  both  would  be  abnormally  high,  amounting  to  a  de- 
crease of  mass  of  1 .62%  in  the  former  case,  and  1 .69%  in  the  latter  if 
isotopes  were  absent  which  is  improbable.  If  it  is  now  considered 
that  the  lithium  nucleus  is  the  primary  group  of  the  odd  numbered 
series,  and  that  boron  consists  of  one  lithium  plus  one  helium  group, 
and  that  the  packing  effect  in  the  latter  has  its  normal  value,  that  is  that 
its  weight  is  4.00,  then  it  is  found  that  the  lithium  group  in  the  boron 
nucleus  has  been  subjected  to  the  extremely  large  packing  effect  of  2 .  18%, 
while  if  it  is  assumed  that  the  boron  atom  consists  of  two  a-particles  and 
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one  v  group,  the  packing  effect  in  the  latter,  calculated  an  a  similar  basis, 
amounts  to  4.11%.  The  decrease  of  mass  calculated  for  the  apparent 
v  particle  in  the  lithium  nucleus  is  2 .  75%.  While  packing  effects  of  these 
magnitudes  are  not  at  all  impossible,  they  do  not  seem  very  probable,  when 
compared  with  those  calculated  in  cases  where  the  atomic  weights  are 
known  with  more  certainty.  Unfortunately,  for  this  special  problem,  the 
nitrogen  nucleus  may  or  may  not  contain  particles  of  mass  3,  though  it  may 
be  noted  that  it  has  the  weight  of  2  lithium  nuclei,  and  the  atomic  weight 
of  fluorine  is  not  known  with  sufficient  accuracy  for  our  purpose  though  it 
is  probably  close  to  19.00.  The  atomic  weight  of  sodium  is  already  so 
large  that  a  small  difference  in  the  packing  effect  in  the  p  group  (or 
lithium  nucleus)  contained  in  it,  would  not  be  noticed.  However,  the 
atomic  weight  of  the  v  group  calculated  from  sodium  comes  close  to  3.00. 
On  the  whole  it  seems  probable  that  the  packing  effect  in  the  v  group 
is  of  about  the  magnitude  as  in  the  a-particle.  If  the  atomic  weights  6.94 
and  10.9  for  these  elements  are  sufficiently  exact,  which  is  almost  certain 
it  seems  very  much  more  reasonable  to  suppose  that  both  lithium  and 
boron  contains  small  amounts  of  lighter  isotopes,  than  to  assume  that  such 
abnormally  large  packing  effects  as  those  cited  above  are  real.  According 
to  the  general  theory  presented  in  this  paper,  the  value  of  N/P  for  the 
less  abundant  and  lighter  isotopes  of  lithium  and  boron  should  be  0.5,  so 
the  atomic  weight  of  the  lighter  isotope  of  lithium  should  be  6,  and  that 
of  the  lighter  isotope  of  boron  should  be  10. 

If  there  were  no  packing  effect  in  the  p  group,  its  atomic  weight  would 
be  2 .0156,  while  if  this  effect  is  equal  to  that  in  the  a-particle,  it  would 
be  2 .00.  Since  only  one  m  group  occurs  in  any  single  atom,  so  far  as  can 
now  be  determined,  and  since  the  atomic  weights  have  been  determined 
accurately  only  for  the  heavier  members  of  the  m  or  uranium  series,  no 
error  of  importance  will  be  made  by  the  use  of  the  latter  value. 

Tabls  III. — Atomic  Wbight  of  Intra-Atomicaixy  Combined  Hslium. 

In  atom  of  No.  of  No.  of 

even  atomic  No.  a-particles.    At.  wt.  Atom  of  odd  No.  a-particles.    At.  wt. 

Carbon 3  4.001           Sodium 5        4.000 

Oxygen 4  4.0000        Aluminum 6        4.017 

Sulfur 8  4.008           Phosphorus 7        4.003 

(Argon)- 10  (3.99)           Vanadium 12        4.000 

Calcium 10  4.007           Manganese 13        3.995 

Titanium 12  4.008           Cobalt...1. 14        3.998 

Chromium 13  4.000 

(Iron)**. 14  3.989 

Thorium 58  4.0026 

Uranium 59  4.0030 

Radium 56  3-9983 

Radio-lead  (RaG) 51  4 .  0014 

*  Probably  argon  contains  an  isotope  of  atomic  weight  36,  and  iron  of  atomic 
weight  52. 
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As  nearly  as  is  now  known,  the  atomic  weight  of  helium  itself  is  4.000 
(oxygen  =  16).  The  weight  of  intra-atomically  combined  helium  may  be 
obtained  by  dividing  the  atomic  weight  of  any  pure  atomic  species  by 
the  number  of  a-particles  contained  in  its  nucleus.  In  cases  where  v  or  m 
groups  are  also  present  the  weight  3 .00  or  2 .00  will  first  be  subtracted. 
The  preceding  table  contains  values  calculated  in  this  way  from  the  ele- 
ment weights  (so-called  atomic  weights)  which  have  been  determined  with 
considerable  accuracy  for  elements  which  seem  to  consists  mostly  of  a 
pure  atomic  species. 

The  average  of  the  above  results  is  4 .0013,  for  the  8  light  atoms  of  even 
number  it  is  4.0008,  for  the  6  light  atoms  of  even  number  4.0022,  and  for 
the  4  heavy  radio  atoms  4.0013.  Thus  the  average  for  the  heavy  atoms 
is  very  dose  to  that  for  the  light  atoms.  * 

Discussion  of  the  Atomic  Weights  on  the  Basis  of  the  Energy 

Storage  Theory. 

The  mass  equivalent  of  the  heat  given  off  in  the  disintegration  of  the 
radio  atoms  was  calculated  by  R.  Swinne1  in  1913.  Two  years  later  an 
independent  calculation  of  these  values  was  made  for  me  by  W.  D.  Turner, 
and  his  values,  which  are  practically  the  same  as  those  of  Swinne,  will 
be  used  here.  According  to  these  calculations  8  a-changes  in  the  uranium 
series  give  an  energy  change  equivalent  to  0.-0519  g.,  or  0.0065  g.  per 
a-change.  In  the  thorium  series  7  a-changes  are  equivalent  to  0.0534  &• 
(0.0076  g.  per  a-change),  and  5  disintegrations  of  the  same  type  in  the 
actinium  series,  to  0.0401  g.  (0.0080  g.  per  a-change),  all  calculations 
being  made  for  a  gram  molecule.  Thus  the  mass  effect  per  a-disinte- 
gration  is  greatest  in  the  actinium,  and  least  in  the  uranium  series. 

If  the  atomic  weight  of  helium  is  taken  as  4.000,  and  if  it  is  assumed 
that  all  of  the  a-particles  in  the  uranium  nucleus  give  the  same  average 
energy  of  disintegration  as  in  the  radioactive  series,  then  the  loss  of  mass 
should  be  4.000  plus  0.0065  or  4.0065  instead  of  the  4.0009  g.  calculated 
from  the  atomic  weights  of  uranium,  radium,  and  radio-lead.  In  the 
thorium  series  the  corresponding  values  are  4.0076  and  4.0023.  Thus, 
on  the  average,  there  seems  to  be  a  smaller  mass  effect  in  the  atoms  as  a 
whole  than  that  calculated  from  the  radioactive  atoms  alone. 

The  atomic  weight  assigned  to  thorium  by  the  International  Committee 
is  232.15.  The  weight  of  thorium  lead  should  be  this  value  minus 
6  X  4.000  and  also  minus  the  relativity  effect  of  approximately  0.05  g., 
or  208.10.  That  of  radium-lead  should  be  238.175  minus  8  times  4 
and  also  minus  approximately  0.05,  or  206.12.  The  lowest  determina- 
tion of  the  atomic  weight  of  this  lead  obtained  by  Honigschmidt  is  206 .  06, 
and  by  Richards,  206.08,  an  average  of  206.07,  OT  a  difference  of  0.05 
1  Swinne,  Physik.  Z„  14, 145  (1913). 
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from  the  value  calculated  above.  Honigschmidt  obtained  225.97  for 
the  atomic  weight  of  radium,  and  after  making  an  allowance  for  the  rela- 
tivity effect,  it  is  found  that  the  determined  difference  in  the  atomic 
weights  of  uranium  and  radium  is  o.  19  units  greater  than  the  calculated 
deviation.  It  is,  however,  possible,  as  suggested  by  Piccard,  that  uranium 
contains  an  isotope  of  higher  atomic  weight. 

It  is  quite  evident  from  the  above  calculations  that  if  the  radioactive 
elements  were  to  disintegrate  completely  into  helium,  the  amount  of  heat 
given  off  per  alpha  disintegration  could  not,  on  the  basis  of  the  energy 
storage  theory,  continue  to  be  as  great  as  that  which  is  liberated  in  the 
different  radioactive  series.  This  is  just  what  would  be  expected,  since 
the  heat  of  disintegration  becomes  smaller  as  the  period  lengthens,  that 
is  as  the  atoms  become  more  stable.  It  is  of  importance  in  this  connec- 
tion that  the  atomic  weights  of  helium,  and  of  the  radioactive  elements, 
should  be  determined  with  a  considerably  greater  accuracy,  since  it  is 
evident  that  the  present  atomic  weights  are  not  sufficiently  accurate  to 
indicate  whether  the  disintegration  of  the  radioactive  elements  is  highly 
endothermal,  as  is  claimed  by  Perrin  in  his  radiation  theory,  or  is  highly 
exothermal,  as  indicated  by  the  ordinary,  or  energy  storage  theory,1 
though  the  discussion  given  above  shows  that  the  most  recent  atomic 
weights  of  thorium  and  uranium  indicate  even  a  greater  difference  than 
that  calculated  by  the  storage  theory,  which,  insofar  as  it  has  any  value, 
is  unfavorable  to  the  theory  of  Perrin,  though,  on  the  other  hand,  the 
present  atomic  weights  of  radium  and  lead  from  radium  are  quite  in  ac- 
cord with  his  theory. 

The  most  important  experiment  which  could  be  carried  out  in  connec- 
tion with  the  relation  between  the  loss  of  mass  and  the  relativity  theory 
would  be  to  weigh  at  intervals  over  a  period  of  many  years  a  carefully 
sealed  and  protected  sample  tube,  containing  an  amount  of  mesothorium 
or  radium  equivalent  in  activity  to  possibly  10  g.  of  radium  (or  less  with 
a  delicate  microbalance),  so  sealed  that  no  a-particles  and  few  0-particles 
could  escape.  The  amount  to  be  used  could  be  calculated  when  the  sensi- 
tivity of  the  balance  and  its  accuracy  have  been  determined.  In  this 
way  energy  could  be  allowed  to  escape  in  such  amounts,  that  it  should  be 

1  Even  on  the  basis  of  the  theory  of  Perrin  it  is  necessary  to  assume  that  the  radio- 
active species  of  atoms  are  more  unstable  than  the  ordinary  atoms,  or  else  that  then- 
nuclei  absorb  more  of  the  penetrating  radiation.  The  relations  between  the  periods 
of  the  radioactive  elements  have  been  shown  in  this  paper  to  depend  upon  the  rela- 
tions between  the  number  of  positive  and  negative  electrons  in  the  nucleus,  and  upon 
other  factors  of  a  similar  nature,  which  seem  to  indicate  that  the  disintegration  is 
related  to  the  instability  of  the  nucleus,  rather  than  to  the  amount  of  energy  picked  up 
in  the  form  of  radiation.  I  would  like  to  suggest  that  it  is  quite  likely  that  a  combina- 
tion of  the  2  theories  may  be  found  more  in  accord  with  the  facts  when  they  are  suffi- 
ciently determined,  than  either  Perrin's  or  the  ordinary  theory  alone. 
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possible  to  determine  its  weight  by  difference.  It  is  probable  that  this 
experiment  has  suggested  itself  to  a  number  of  workers,  but  the  difficulty 
in  the  way  of  its  execution  is  the  great  initial  expense. 

The  Atomic  Weights  of  Pure  Atomic  Species  are  Very  Nearly  Whole 
Numbers  on  the  Basis  of  Oxygen  as  16. 

It  is  probable  that  the  atomic  weights  of  the  light  atoms  which  consist 
of  only  one  species  would  be  made  more  accurate  by  changing  them  to 
whole  numbers.  The  atomic  weights  of  nearly  all  of  the  light  elements, 
with  the  exception  of  those  where  it  is  now  almost  certain  that  stable 
isotopes  exist,  are  whole  numbers,  while  from  atomic  number  28  to  80 
they  are  no  closer  to  whole  numbers  than  they  should  be  by  the  laws  of 
chance,  that  is,  this  is  the  region  of  isotopes  which  are  stable.  The  atomic 
weights  now  used  for  uranium  and  thorium  are  closer  to  a  whole  num- 
ber than  corresponds  to  chance,  even  though  both  of  these  elements 
contain  isotopes.  However,  in  this  region  the  stability  of  one  isotope 
is  so  much  greater  than  that  of  the  others  as  to  make  it  so  predominant 
in  abundance  that  both  of  these  elements  occur  as  nearly  pure  species. 

Nickel. 

From  the  standpoint  of  atom-building  nickel  is  one  of  the  most  inter- 
esting of  all  elements  with  the  exception  of  hydrogen,  helium,  lithium, 
and  the  radioactive  elements.  Nickel,  as  is  seen  in  Figs.  2,  3,  4  and  5, 
has  an  abnormally  low  negative-electron  content,  exceedingly  low  for  its 
position  in  the  system,  and  lies  just  at  the  beginning  of  the  rapid  increase 
in  electron  content.  It  is  the  first  element  in  which  the  divisibility  of 
the  atomic  weight  by  both  1  and  4  suddenly  stops.  It  is  the  last  of  the 
abundant  elements  as  the  atomic  number  or  weight  increases,  and  it 
undoubtedly  is  a  mixture  of  isotopes,  as  are  most  of  the  elements  of  higher 
atomic  number.  It  should  be  possible  to  show  the  presence  of  the  iso- 
topes, most  quickly  by  the  positive  ray  method,  and  with  much  difficulty 
by  diffusion.  We  are  preparing  to  study  the  problem  and  especially  the 
isotopes  of  lithium  in  this  laboratory.  Evidently  no  species  of  atoms  in 
which  the  number  of  cementing  electrons  per  atom  is  greater  than  2  occurs 
abundantly  either  in  the  meteorites  or  on  earth. 

Summary. 

1.  The  negative  electrons  in  the  nuclei  of  atoms  are  largely  associated  in 
pairs,  either  as  binding  or  cementing  electrons.  The  pairs  of  binding  electrons 
serve  to  bind  together  a  number  of  positive  electrons  into  a  primary  group 
or  particle.  The  most  abundant  by  far  of  all  of  these  is  the  a-particle,  which 
consists  of  2  negative  and  4  positive  electrons,  and,  therefore,  has  a  net 
positive  charge  of  2.  Its  formula  is  (i?4+/3»~)++,  where  17 +  is  the  positive 
and  0~  the  negative  electron.  This  a-particle  probably  makes  up  about 
90  or  more  %  of  all  known  material  in  the  meteorites.    A  second  less 
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abundant  group  is  the  (i&+ft~)°  or  M  group,  which  has  a  zero  net  charge, 
and  probably  makes  up  more  than  half  of  the  rest  of  known  material.  It  is, 
of  course,  possible  that  this  may  occur  only  in  union  with  the  constituents 
of  an  a-partide  as  Ofo+04~)++,  or  meta-helium,  but  the  former  hypothesis 
has  the  advantage  of  greater  simplicity,  with  no  loss  of  usefulness.  Thus 
nearly  all  of  the  material  which  consists  of  complex  nuclei,  exists  in  the 
form  of  groups  made  up  of  pairs  of  negative  binding  electrons,  together 
with  an  even  number  of  positive  electrons.  Isotopes  of  higher,  differ  from 
those  of  lower  atomic  weight  by  the  presence  of  a  single  /*  group,  or  of 
one  or  two  helio  groups,  or  of  both  a  helio  and  \l  group.  The  term  helio 
group  is  used  to  designate  an  a-partide  together  with  two  negative  elec- 
trons, which  may  be  said  to  "cement"  it  to  the  nudeus  of  the  atom.  The 
above  discussion  of  the  abundance  relations  of  the  primary  electron  groups 
is  based  on  data  obtained  from  the  composition  of  the  meteorites  and  of 
the  earth.  Some  of  the  stars  and  nebulas  probably  contain  large  amounts 
of  hydrogen,  and  in  such  a  case  the  rdations  of  abundance  given  could 
be  expected  to  hold  only  for  the  complex  nudei,  and  not  for  the  positive 
electron,  (hydrogen  nucleus).  Atoms  of  odd  net  nudear  charge  are  rela- 
tively rare.  They,  also,  consist  mostly  of  a-partides,  but  the  odd  value 
of  the  net  charge  is  caused  by  the  presence  of  one  odd  numbered  p  group 
(ifo+&~)  +  in  the  nudeus  of  each  atom  of  odd  atomic  number.  Of  the  light 
atoms  only  beryllium  and  nitrogen  seem  to  contain  an  odd  number  of 
negative  nudear  dectrons,  and  these  dements  are  not  abundant.  Even 
among  the  radioactive  nudei  there  are  only  a  few  which  contain  an  odd 
number  of  negative  dectrons,  and  they  are  very  unstable. 

2.  The  a-particle  may  be  assumed  to  be  electrically  negative  in  most 
of  its  exterior,  but  to  have  a  net  positive  charge  of  2.  Such  partides 
would  repd  each  other  at  all  ordinary  and  small  distances,  and  would  only 
attract  when  brought  extremely  close  together  in  such  a  way  that  dec- 
trical  couples  are  able  to  produce  a  greater  attraction  than  the  repulsion 
due  to  the  net  charge.  Neither  a  single  positive  or  a  single  negative 
electron  can  attach  itself  to  such  a  particle,  nor  does  it  seem  that  2  such 
partides  will  unite,  but  from  3  to  8,  and  also  10,  but  not  more  than  10 
a-partides  unite  to  form  a  complex  nucleus  in  which  the  mass  is  twice 
the  charge,  and  the  ratio  of  negative  to  positive  electrons  is  1  to  2,  or  0.5. 
This  ratio  is  of  great  importance  in  relation  to  the  stability  of  nuclei.  Eleven 
positively  charged  a-particles  will  not  alone  unite1  to  form  a  complex 
nucleus,  since  their  positive  charge,  22,  is  so  large  that  the  attractive  action 
of  the  a-partides  is  not  able  to  overcome  the  repulsive  effect  of  this  posi- 

1  It  is  likely  that  this  is  not  strictly  true,  since  it  is  probable  that  as  many  as  14 
a-particles  unite  to  form  the  nucleus  of  the  lightest  nickel  atom  without  the  inclusion 
of  any  negative  o-cementing  electrons.  However,  the  above  statement  is  true  if  only- 
the  most  abundant  isotope  of  each  element  is  considered. 
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tive  charge.  However,  more  positive  a-particles  will  add  on  if  at  the  same 
time  the  ratio  of  negative  to  positive  electrons  is  increased.  The  ratio  is 
increased  by  the  addition  of  an  a-particle  together  with  2  cementing  electrons, 
or  what  has  been  called  a  helio  group.  This  helio  group  increases  the 
ratio  of  negative  to  positive  electrons  by  a  sudden  jump  from  0.5  to  0.55 
(approximately).  The  increased  ratio  makes  it  possible  for  an  extra 
positive  a-particle  to  attach  itself,  so  two  a-particles  add  on  in  this  one 
step,  and  in  addition  2  cementing  electrons.  Thus  the  function  of  cement- 
ing electrons  is  to  keep  the  nucleus  stable  as  its  self-repulsion,  due  to  its  in- 
creasing positive  charge,  increases,  by  also  increasing  the  relative  negative 
electron  content.  This  causes  2  a-particles  to  add  on,  so  the  atomic  weight 
increases  by  8,  instead  of  the  normal  4.  More  a-particles  then  add  on,  de- 
creasing slightly  the  N/P  ratio,  until  the  repulsion  of  the  positive  charges 
again  becomes  so  high  that  a  second  increase  in  the  ratio  becomes  neces- 
sary, when  a  second  pair  of  negative  cementing  electrons  adds  on,  and 
the  atomic  weight  again  rises  with  abnormal  rapidity.  Thus  if  the  atomic 
number  is  plotted  on  the  X-axis,  ancr  the  number  of  cementing  electrons 
on  the  Y-axis,  the  plot  consists  of  a  series  of  horizontal  lines,  each  of  which 
has  at  its  right  a  vertical  rise  of  2-cementing  electrons,  followed  by  an- 
other horizontal  line;  that  is,  a  series  of  steps  with  equal  vertical  spacing. 
The  N/P  ratio  plot  is  somewhat  similar,  but  the  steps  all  slant  downward 
slightly  toward  the  right. 

3.  The  writer  shows  that  4  series  of  atoms  are  now  known;  the  helium- 
thorium  series,  the  meta-neon-uranium  series,  the  lithium-cobalt  series, 
and  the  meta-chlorine  series.  The  relation  of  these  4  series  to  his  periodic 
system  is  briefly  discussed. 

4.  The  atomic  weights  of  all  pure  species  of  atoms  are  very  close  to  whole 
numbers  when  calculated  on  the  basis  of  oxygen  as  16.  This  is  practically 
the  statement  made  by  Harkins  and  Wilson  in  1915.  At  that  time  it 
was  plainly  seen  that  this  rule  holds  for  all  light  atoms,  and  for  the  heavy 
atoms  far  up  in  the  series,  but  there  was  some  doubt  as  to  the  magnitude 
of  the  relativity  effect,  that  is  the  change  of  mass  due  to  packing.  The 
atomic  weight  determinations  of  Richards  and  Honigschmidt  show  that 
these  atomic  weights  are  either  whole  numbers,  or  else  very  slightly  above 
whole  numbers.  If  the  energy  given  off  on  disintegration  comes  from 
potential  energy  which  remains  stored  in  the  nucleus  as  long  as  it  exists, 
then  it  is  probable  that  there  is  a  slight  drift  away  from  whole  numbers  in 
some  parts  of  the  series  on  account  of  the  mass  associated  with  the  energy 
changes  involved,  which  amounts  to  about  0.05  g.  per  gram  atom  in  each 
radio  series,  involving  6  or  8  a-changes.  If  the  energy  comes  from  with- 
out, as  is  assumed  in  the  recent  theory  of  Pen-in,  the  loss  of  mass  of  the 
complex  atom  might  be  equal  to  or  more  probably  less  than  the  sum  of 
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the  masses  of  the  a-particles  ejected,  the  masses  being  taken  when  the 
a-particles  are  at  rest. 

5.  Tables  are  given  for  the  total  positive,  total  negative,  a-cementing, 
excess,  and  formula,  electron  content  of  the  nuclei  of  all  known  atoms, 
and  the  more  important  relations  which  are  apparent,  are  pointed  out. 

6.  When  the  net  positive  charge  on  the  nucleus  of  an  atom  rises  higher 

than  28  it  seems  probable  that  the  resultant  self-repulsion  due  to  the 

unneutralized  positive  charge  becomes  so  great  that  relatively  few  atoms 

of  this  class  can  be  formed.    Such  atoms  are  relatively  rare  and  probably 

do  not  make  up  more  than  one-thousandth  of  the  total  material  of  the 

earth  and  the  meteorites,  though  they  constitute  more  than  V*  of  all 

of  the  elements,  and  probably  more  than  */*  of  the  atomic  species.     In 

„    .       ,     .     .  .-         . .     Total  number  of  negative  electrons  . 

all  abundant  atoms  the  ratio  — -2 is  o .  5 

Total  number  of  positive  electrons 

or  only  very  slightly  above  that  value.    Thus  it  is  0.5  in  oxygen,  0.5  in 

vSiis,  0.536  in  Pete,  0.5  in  Mg«,  0.5  in  sulfur,  0.5  in  Ca«,  and  0.522  in 

Nimt8»68,  the  7  most  abundant  atotnic  species.      Here  0158.68  indicates 

that  all  of  the  isotopes  of  nickel,  with  a  mean  atomic  weight  of  58 .  68,  are 

included.    The  atoms  become  rare  as  soon  as  the  cementing  electron 

content  of  the  nucleus  rises  above  2,  that  is  it  seems  probable  that  no 

number  of  cementing  electrons  is  able  to  impart  stability  of  a  high  order 

to  a  nucleus  whose  positive  charge  is  greater  than  28. 

7.  In  general  nuclei  which  contain  an  odd  number  of  positive  electrons 
are  rare,  and  those  which  contain  an  odd  number  of  negative  electrons 
are  much  rarer  still.  This  means  that  atoms  of  odd  nuclear  charge  are 
rare,  and  when  they  exist  the  odd  number  of  the  charge  is  almost  always 
due  to  an  odd  number  of  positive,  not  of  negative,  electrons. 

8.  The  peculiar  relations  of  nickel  are  pointed  out.  It  is  undoubtedly 
a  mixture  of  isotopes.  Nickel  has  an  extremely  low  mean  negative  elec- 
tron content  in  its  nucleus,  and,  therefore,  has  a  low  atomic  weight  for  its 
position  in  the  system. 

9.  Nitrogen,  and  also  scandium  if  its  most  recent  atomic  weight  de- 
termination is  correct,  are  not  members  of  any  of  the  4  ordinary  series 
of  atoms  listed  above. 

10.  Nickel,  potassium,  calcium  and  iodine,  have  an  abnormally  low" 
nuclear  content  of  negative  electrons,  while  the  number  of  such  electrons 
in  argon,  tellurium,  barium,  and  to  some  extent  in  selenium,  is  relatively 
very  high.  It  will  be  noted  that  most  of  these  abnormally  high  and  low 
values  lie  in  close  proximity  to  the  3  reversals  in  the  atomic  weight  in- 
crease with  increasing  atomic  number. 

1 1.  While  there  are  only  92  elements,  in  the  limited  sense  in  which  the 
term  is  now  used,  in  the  ordinary  system,  there  are  probably  300  or  more 
different  species  of  atoms,  which,  in  a  broader  sense  of  the  term,  are  truly 
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elements.  It  is  obvious  that  the  word  element  is  now  used  in  a  very 
arbitrary  sense  to  denote  all  atoms  in  whose  nuclei  the  difference  P  —  N 
(where  P  stands  for  the  number  of  positive,  and  N,  the  number  of  nega- 
tive electrons)  has  the  same  value. 

12.  The  plot  of  the  cementing  electron  content  of  atom  nuclei,  indicates 
that  nearly  all  of  the  elements  from  atomic  number  32  (Ge)  up  to  79  (Au), 
are  mixtures  of  isotopes,  and  that  in  general  there  are  probably  several 
isotopes  present  in  considerable  percentages  in  each  element.  Other  facts 
indicate  strongly  that  the  region  in  which  isotopes  become  extremely  promi- 
nent begins  with  atomic  number  28  (nickel). 

13.  The  atomic  weights  of  the  light  elements  are  mostly  whole  num- 
bers on  the  oxygen  basis,  and  in  the  case  of  the  elements  of  even  number 
are  divisible  by  4.  This  indicates,  according  to  the  theory  of  the  earlier 
papers  of  this  series,  that  isotopes  do  not  occur  in  high  percentages  in  any 
of  these  elements,  with  the  exception  of  neon,  chlorine,  magnesium  and 
silicon  (possibly  in  aluminum).  From  atomic  numbers  28  to  80  the 
atomic  numbers  are  no  closer  to  whole  numbers,  and  the  atomic  weights 
of  the  even  numbered  elements  are  no  more  nearly  divisible  by  4  than 
corresponds  to  the  laws  of  chance.  Among  the  radioactive  elements, 
however,  both  the  approximation  to  whole  numbers,  and  divisibility  by 
4  in  the  case  of  the  thorium  series,  again  become  prominent.1  In  other 
words,  the  general  relations  found  earlier  by  the  writer  hold  both  for  the 
light  and  for  the  very  heavy  atoms,  but  not  for  those  in  the  intermediate 
range.  This  is  easy  to  understand  from  the  viewpoint  taken  in  the  earlier 
papers.  The  light  atoms  are  made  up  from  relatively  few  a-  and  other  parti- 
cles, and  not  many  stable  arrangements  could  be  expected  under  these 
conditions.  As  the  number  of  particles  in  the  nucleus  increases,  the  num- 
ber of  possible  arrangements  increases,  and  in  the  region  of  stable  atoms 
the  number  of  stable  arrangements  increases  and  becomes  large  between 
atomic  numbers  28  and  84.  However,  ip  the  region  of  the  very  heavy 
atoms,  while  there  are  many  possible  arrangements,  even  the  most  stable 
of  these  is  already  unstable,  so  it  could  not  be  expected  that  the  less  stable 
atoms  would  have  such  long  period  of  existence  as  to  give  them  promi- 
nence by  .their  abundance.  Thus,  among  the  radioactive  atoms,  in  spite 
of  the  presence  of  numerous  isotopes,  there  is  seldom  more  than  one  species 
of  atoms  in  an  element  which  has  sufficient  stability  to  be  largely  repre- 
sented in  the  atomic  weight. 

14.  The  atomic  weights  of  lithium  and  boron  indicate  the  existence  of 
lighter  isotopes,  and  the  theory  indicates  that  in  them  the  ratio  N/P 
should  be  0.5,  so  the  atomic  weight  of  the  lighter  lithium  (present  probably 
to  the  extent  of  about  6%  in  lithium)  should  be  6,  while  that  of  boron 
should  be  10.     Also  an  isotope  of  iron,  presumably  of  atomic  weight  52 ; 

1  A  table  illustrating  these  facts  is  presented  in  the  Phys.  Rev.,  15,  81  (1920). 
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a  higher  isotope  of  calcium,  possibly  atomic  weight  44;  and  a  higher 
isotope  of  potassium,  are  all  indicated,  in  addition  to  several  isotopes  of 
nickel  as  mentioned  above,  presumably  with  atomic  weights  56,  60,  and 
possibly  other  values  including  58. 

15.  Attention  is  called  to  the  suggestion  made  in  an  earlier  paper  in  the 
Physical  Review  that  atoms  of  zero  atomic  number  may  exist  and  be  of 
importance  in  atom  building.  Such  atoms  might  have  masses  4,  3,  2,  and 
1 ,  and  possibly  other  values,  and  they  would  contain  no  non-nuclear  elec- 
trons, so  they  would  have  no  chemical,  and  almost  none  of  the  ordinary 
physical  properties,  aside  from  mass. 

16.  The  general  theory  of  nuclear  structure  presented  in  the  earlier 
papers  of  this  series  indicates,  as  has  been  pointed  out  by  N.  F.  Hall,1 
that  in  general  the  number  of  isotopes  present  in  elements  of  even  atomic 
number  should  be  considerably  greater  than  in  elements  of  odd  atomic  number. 
According  to  the  theory  presented  in  the  present  paper  it  is  probable  that' 
this  relation  may  not  hold  true  for  atoms  of  low  atomic  number,  but  it 
may  be  expected  to  be  valid  beyond  atomic  number  26  and  possibly  be- 
ginning with  still  lower'atomic  numbers.  It  is  of  interest  to  note  in  this 
connection  that,  since  this  paper  was  submitted  Aston  has  found  6  isotopes 
of  krypton  and  5  of  xenon,  elements  of  even  number,  but  only  2  for  bro- 
mine (79  and.  81)  and  only  one  atomic  species  for  arsenic,  both  elements 
of  odd  atomic  number. 

17.  It  is  of  interest  to  note  that  the  formula  for  the  atomic  weights 
presented  5  years  ago  does  not  give  the  atomic  weights  of  all  of  the  iso- 
topes of  an  element,  but  it  picks  out  that  of  the  most  abundant  isotope. 
It  does  this  in  the  range  of  the  light  atoms  (atomic  numbers  up  to  27)  at 
least.  Thus  for  neon,  with  atomic  weights  20,  22,  and  probably  21,  it 
designates  the  species  of  atomic  weight  20,  which  makes  up  about  90%  of 
the  element  neon.    The  formula  is 

W  =  2(n  +  c)  +  Vt  +  Vi(— O""1. 

18.  The  paper  states  that  the  element  chlorine  has  been  separated  into 
isotopes  of  separate  atomic  species  by  Mr.  C.  E.  Broeker  and  the  writer. 
We  suggested  in  Nature  that  in  addition  to  CU6  and  CI37,  there  seemed  to 
be  some  indication  of  another  chlorine  of  higher  atomic  weight.  The 
atomic  weight  of  this  last  chlorine  was  later  found  by  Aston  to  be  39,  but 
the  percentage  in  ordinary  chlorine  is  very  small.  In  the  experimental 
investigation  Dr.  W.  D.  Turner  did  most  of  the  early,  and  Mr.  T.  H.  Lig- 
gett some  of  the  later  work.  The  separate  publication  of  this  work  has 
been  delayed  by  the  death  of  Mr.  Broeker. 

19.  The  whole  number  relation  of  the  atomic  weights  when  oxygen  as  16  is 
taken  as  a  basis,  may  be  stated  in  the  form  that  in  all  known  complex  nuclei 
the  positive  electron  has  the  weight  1.000  =*=  0.00 1,  while  the  free  positive 

1  Loc.  cit. 
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electron  has  the  mass  1.007,  very  nearly.  This  might  be  stated  more  ac- 
curately by  giving  the  weight  of  the  average  electron  pair,  positive  plus 
negative  electron,  as  1.000  =*=  0.001  in  any  complex  atom,  but  as  1.0077  in 
hydrogen  itself  where  the  positive  electron  is  free  and  not  bound.  The 
constancy  in  the  packing  effect  may  be  a  characteristic  of  the  positive  and 
negative  electrons  themselves. 

20.  In  considering  the  foregoing  paper  it  should  be  realized  that  it  de- 
velops some  very  general  relations,  such  as  those  involving  the  ratio  of 
negative  to  positive  electrons  in  the  nucleus  {N/P)t  which  are  very  likely 
to  prove  entirely  valid,  and  that  it  gives  very  special  details,  such  as 
formulas  for  nuclei,  etc.,  which  are  not  expected  to  fit  the  facts  in  every 
special  case,  but  are  only  intended  to  illustrate  the  general  relations  and 
to  give  a  specific  theory  to  which  the  facts  as  they  are  discovered  may  be 
related.  The  nucleus  is  so  complex  that  it  is  possible  that  nuclei  of 
atoms  of  the  same  element  may  have  a  different  composition  with 
reference  to  the  particles  of  masses  4,  3,  2,  and  i,  even  when  their 
atomic  weights  are  the  same.  It  is  quite  likely  that  the  relations  concern- 
ing the  ratio  N/P  are  much  more  general  than  those  relating  to  the  specific 
formulas.  Thus  the  important  feature  about  the  oxygen  nucleus  may  be 
that  in  it  the  ratio  N/P  is  0.5,  and  not  so  much  that  it  consists  of  4 
a-  particles. 

Chicago,  Illinois. 
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THE  X-RAY  FLUORESCENCE  OF  CERTAIN  ORGANIC  COM- 
POUNDS. 

By  H.  S.  Newcomer. 

Received  April  26.  1920. 

In  a  previous1  paper  I  pointed  out  that  it  might  in  the  future  become 
possible  to  make  use,  biologically,  of  a  localized  transformation  of  penetra- 
tive radiant  energy  with  very  feeble  abiotic  properties  (X-ray),  into  a 
much  more  active,  although  less  penetrative  type  of  ray  (ultra-violet) 
through  fluorescent  substances  as  intermediaries.  It  was  shown,  in  fact, 
that  fluorite  under  the  influence  of  the  X-ray  emitted  bactericidal  rays. 
Progress  from  this  point  demanding  that  we  have  for  use  in  place  of  the 
insoluble  fluorite  a  similarly  active  soluble  substance,  a  survey  was  made 
of  a  large  number  of  substances,  for  the  most  part  organic  chemicals, 
to  see  which  of  them  might  fluoresce  under  the  influence  of  the  X-ray. 

Kunz  and  Baskerville2  have  examined  the  action  of  radiation  on  13,000 
minerals  in  the  collection  of  the  American  Museum  of  Natural  History. 
Their  most  noteworthy  observations  were  the  variability  in  like  minerals 

1  H.  a  Newcomer,  /.  Exp.  Med.,  26,  675  (1917). 

s  G.  P.  Kunz  and  Chas.  Baskerville,  Science,  18,  769  (1903). 
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from  the  same  source.  There  would  seem  to  be  2  types  of  fluorescence, 
a  specific  type  characteristic  of  the  substance  such  as  is  found  in  the  case 
of  fluorite  and  a  nonspecific  type  variably  associated  with  the  substance 
as  in  the  case  of  wiltemite,  hyalite,  gypsum,  etc.  Others  publishing 
literature  on  X-ray  fluorescence  are  Edison,1  Burbank,*  Arnold,*  and 
Precht,4  Wiedemann  and  Schmidt.* 

Pohl'  has  determined  the  amount  of  energy  transformed  into  fluorescent 
light  by  barium  platinocyanide  and  by  calcium  wolframite  and  finds 
it  to  be  3.7%.  Mcllkney7  states  that  calcium  tungstate  crystals  emit 
light  whose  wave  length  is  further  toward  the  ultra-violet  the  smaller  are 
the  crystals.  The  range  is  given  as  from  the  yellow  to  the  ultra-violet 
border. 

Our  examination  included  both  visual  and  photographic  observations. 
The  purpose  of  the  latter  was  to  detect  any  invisible  ultra-violet  radiation 
which  might  be  developed,  the  ordinary  photographic  plate  being  uni- 
formly sensitive  from  about  5000  Angstrom  units  (blue-green),  down  to 
2200  Angstrom  units,  quite  far  out  into  the  ultra-violet.  The  X-rays  fell 
horizontally  on  the  compounds  arranged  6  at  a  time  in  separate  black 
pasteboard  compartments  directly  beneath  a  Graflex  plate;  the  plate 
being  protected  from  the  action  of  the  X-rays  by  a  l/i-mch  block  of  lead 
in  its  plane.  The  exposures  were  for  2  minutes.  The  solid  compounds 
were  placed  in  black  paper  containers,  the  liquids  in  30  cc.  "Nonsol" 
beakers,  the  photographic  effect  of  whose  fluorescence  was  practically 
nil. 

In  order  to  determine  the  presence  of  visible  fluorescence  the  eyes  were 
first  thoroughly  dark-accommodated  and  kept  so,  assistants  doing  all  the 
handling  of  the  materials.  The  solids  were  placed  on  black  sheets  of 
paper,  the  liquids  in  paraffined  paper  cups,  the  fluorescence  of  which  was 
barely  within  the  limits  of  visibility. 

The  X-ray  tube  was  entirely  enclosed.  The  rays  passed  through, 
besides  the  glass  of  the  tube  itself,  a  layer  of  black  paper.  AH  of  the 
compounds  were  also  examined  with  the  additional  interposition  of  a  one 
mm.  aluminum  screen.  The  effect  of  the  screen  was  to  reduce  slightly 
the  intensity  of  the  fluorescence  observed. 

The  machine  was  a  Victor  fluoroscopic  outfit  of  1500  watts  capacity, 
having  a  Coolidge  fine  focus  tube.  The  distance  of  the  compound  from 
the  anticathode  was  22  cm.    The  machine  was  run  at  about  a  maximum 

1  Thos.  Edison,  Elec.  Rev.t  165,  53  (1896). 

1  J.  J.  Burbank,  Amer.  J.  Sci.t  155,  53  (1898). 

1  W.  Arnold,  Ann.  physik.  Chan.  n.  f.,  6if  3x3  (1897). 

4  J.  Precht,  ibid.,  6x,  330  (1897). 

1  H.  Wiedemann  and  G.  C.  Schmidt,  ibid.,  56,  201  (1895). 

•  R.  Pohl,  "Die  Physik  der  Rdntgenstrahlen,"  Braunschweig,  191a,  147. 

7  P.  C.  Mcllkney,  Elec.  World,  28,  664  (1896). 
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continuous  load,  the  energy  delivered  varying  slightly  from  time  to  time, 
but  bang  maintained  so  as  to  give  a  maximum  illumination  of  the  fluoresc- 
ing screen  of  the  outfit,  the  existence  of  such  a  maximum  being  frequently 
checked.  As  the  machine  did  not  have  good  meters  the  exact  conditions 
were  not  known,  but  the  current  across  the  tube  was  about  15  milliamperes 
and  the  potential  about  55,000  volts,  these  figures  being  checked  by  later 
measurements  in  which  the  conditions  of  the  experiment  were  reproduced. 

There  is  good  reason  for  believing  that  maximum  fluorescence  is  pro- 
duced by  a  maximum  delivery  of  X-ray  energy,  or  that  within  a  consider- 
able range  the  fluorescence  is  independent  of  the  quality  of  the  X-rays 
and  proportional  to  the  energy  alone.  Several  experiments  were  set 
up,  using  a  much  larger  machine  and  a  new  Coolidge  tube  in  which  a 
fluorescent  screen,  indeed  several  screens,  were  radiated  without  the 
interposition  of  anything  between  the  screen  surface  and  the  X-ray  tube 
except  black  paper,  selective  absorption  of  the  softer  rays,  especially 
by  aluminum,  being  avoided.  Using  various  potentials  across  the  tube 
the  current  was  so  adjusted  as  to  produce  a  certain  definite  faint  fluores- 
cence in  the  screen,  the  intensity  of  the  fluorescence  being  taken  such  as  to 
make  variations  most  perceptible.  The  current  was  read  on  a  milli- 
ammeter  and  the  voltage  computed  from  the  alternative  spark  gap  between 
1.9  mm.  polished  steel  balls.1,2  It  was  found  that  with  the  intensity  of 
the  fluorescence  judged  constant  the  product  of  the  milliamperage  and 
the  square  of  the  potential  was  approximately  constant,  that  is,  the  energy 
was  constant.  The  potential  range  was  from  about  10,000  to  70,000 
volts.  Within  some  such  range  the  fluorescence  is  thus  independent  of 
the  X-ray  wave  length  and  dependent  on  the  energy  alone.  So  far  as  I 
can  determine  the  quality  of  the  fluorescence,  its  color,  is  dependent  on  the 
substance  alone  and  not  on  the  quality  of  the  X-rays. 

The  compounds  used  were  not  specially  purified.  The  larger  number 
of  the  organic  compounds  were  imported  commercial  samples.  Some 
were  prepared  in  the  laboratory  in  the  course  of  the  synthesis  of  dyes. 
The  dyes  were  mostly  of  German  origin. 

It  is  well  known  that  slight  impurities  may  determine  the  character 
of  fluorescence.  Fluorescence  is,  however,  not  necessarily  associated  with 
the  presence  of  impurities.  Of  the  compounds  listed  in  Table  II  only 
the  fluorescence  of  the  amino  acids  seems  to  have  been  due  to  the  presence 
of  impurities.  In  general,  compounds  of  different  origin  and  occasionally 
even  of  different  appearance  behaved  alike  under  the  X-rays.  Occasion- 
ally small  particles  of  presumably  foreign  material  were  observed  as 
brightly  shining  specks  in  an  inert  material. 

1  P.  K.  Fowle,  Smithsonian  Inst.  Pub.,  63,  2269  (1918),  No.  6. 
*  G.  W.  C.  Kaye  and  T.  H.  Laby,  "Tables  of  Physical  and  Chemical  Constants  and 
some  Mathematical  Functions/'  London,  1916. 
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In  recording  the  visual  effect  produced  by  the  fluorescence  it  was  con- 
venient to  take  i+  as  the  minimum  of  light  that  could  be  seen  with 
certainty  and  8+,  corresponding  to  the  luminosity  of  the  several  diamonds 
which  were  tried,  as  the  maximum  luminosity  observed.  It  was  found 
possible  to  recognize  differences  repeatedly  in  this  scale.  It  was,  of 
course,  necessary  to  consider  only  the  surface  brightness  of  the  sub- 
stance and  not  the  total  quantity  of  light  which  a  large  body  might  emit. 
The  recording  of  visual  intensity  is  somewhat  unsatisfactory  because  its 
apparent  amount  is  so  closely  connected  with  its  color.  The  dark-accom- 
modated eye  is  most  sensitive  to  light  of  wave  length  about  5400  Ang- 
strom units  (green).  Its  sensitivity  varies  much  with  the  color  and  in  its 
region  of  maximum  sensitivity  it  can  detect  light  many  times  fainter 
than  that  in  any  region  necessary  to  affect  the  photographic  plate. 

All  of  the  compounds  which  affected  the  photographic  plate  were 
studied  spectrographically.  They  were  placed  in  paste-board  containers 
before  a  3  mm.  slit  of  a  quartz  spectrograph  (size  C,  Adam  Hilger),  and 
X-rayed  for  2  hours.  Eastman  Graflex  plates  were  used.  Allowing  for 
the  distortion  due  to  the  wide  slit*  Table  I  gives  the  wave  lengths  and 
general  characteristics  of  the  fluorescent  light  so  analyzed. 

The  result  of  the  survey  is  to  show  that  many  organic  compounds, 
whether  solid  or  liquid,  fluoresce  under  the  X-ray."  This  fluorescence 
lies  more  commonly  in  the  violet,  blue  and  green  parts  of  the  spectrum. 
It  is  rarely  sufficiently  strong  to  affect  a  photographic  plate.  It  is  often 
at  the  violet-ultra-violet  border.  It  seems  probable  that  in  approaching 
the  far  ultra-violet  fluorescence  becomes  less  common.  A  set  up  to  de- 
termine the  existence  of  a  fluorescence  of  wave  length  appreciably  less 
than  2000  Angstrom  units  would  be  extraordinarily  difficult  and  tedious  to 
execute.   Fluorescence  is  again  common  in  the  region  of  the  X-ray  spectrum. 

As  a  rule  liquids,  amorphous  colored  substances  (dyes)  and  substances 
in  solution,  when  they  are  fluorescent,  are  feebly  so  and  the  conditions 
as  to  the  observation  must  be  rigid,  particularly  in  respect  to  darkness 
and  accommodation.  Solutions  in  water  of  fluorescing  solids  have  in 
some  instances  been  tried.  These  solutions  have  been  faintly  fluorescent. 
The  faintness  is  in  part  accounted  for  by  the  dilution  of  the  material. 
It  does  not  seem  to  be  proportional  to  the  dilution,  but  no  extended  study 
has  been  made  of  this  question.  Amorphous  colored  compounds  seem 
to  be  distinctly  less  fluorescent  than  closely  related  but  distinctly  crys- 
talline substances.  There  are,  however,  many  colorless  amorphous 
substances  which  fluoresce  brightly.  Most  of  them  are  inorganic  com- 
pounds, in  fact  the  most  brightly  fluorescing  compounds  are  inorganic 
Many  of  those  substances  which  give  off  bright  and  often  distinctly  colored 
light  when  subjected  to  ultra-violet  radiation  give  off  light  just  as  strongly 
under  the  influence  of  X-rays.    The  ordinary  luminous  watch  is  a  good 
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example.  It  is  interesting  that  the  air  is  very  faintly  fluorescent  under 
the  action  of  X-rays.  Certain  compounds  were  found  to  be  distinctly 
phosphorescent. 

The  results  of  this  work  when  assembled  are  apparently  not  susceptible 
of  rational  classification  based  on  chemical  relationships.  They  are, 
therefore,  arranged  in  two  tables,  II  and  III,  giving  the  visible  fluorescence 
observed. 

Sodium  bromide  is  the  only  substance  found  which  emits  rays  of  wave 
lengths  which  we  know  to  be  bactericidally  active  (below  2800  Angstrom 
units).  Of  organic  compounds  certain  phenols  and  other  benzene  deriv- 
atives approach  this  most  closely.  Visible  fluorescence  of  considerable 
intensity  without  effect  on  the  photographic  plate  was  found  quite  com- 
monly among  derivatives  of  benzol,  particularly  benzoic  acid  and  its 
relatives  and  among  the  naphthalene  derivatives. 

Table  I. 

Substances  Affecting  the  Photographic  Plate. 

Wave  length  of  the 

fluorescence  in        Visible  Intensity  and  the  position 

Compound.  Angstrom  units,  fluorescence,     of  the  maxima  and  minima. 

Potassium  iodide 4400-4750    Moderate   Peak  at  4550,  very  faint. 

Potassium  bromide 4200-4900    Bright        Peak  at  4650,  faint. 

Sodium  bromide 2400-5000    Bright        Strong,     extends     beyond 

these  limits  in  both  direc- 
tions. Broad  region  of 
slightly  diminished  in- 
tensity at  4000. 

Strontium  salicylate 395O-4900    Bright         Symmetrical,  fairly  strong 

Benzoic  acid 2950-5000    Moderate   Not  strong,  region  of  dimin- 
ished intensity  at  3900. 

^-Sulfone-amine-benzoic  acid 2950-3500    Bright        Peak  at  3200,  faint. 

Phenol 2960-5000    Moderate   Strong,  peaks  at  3080  and  at 

4850.  Broad  region  of  di- 
mmised  intensity  at  3500. 

^-Amidophenol  hydrochloride —     2950-3350    Moderate   Not  strong,  peak  at  3050. 

Diphenyl 3450-4500    Bright         Flat  even  distribution, 

fairly  strong. 

Naphthalene 3300-4500    Moderate   Strong,  peak  at  3460. 

^-Naphthalene  sodium  sulfonate.     3300-4900    Bright         Broad  peak  at  3900,  fairly 

strong. 

^-Naphthalene  sodium  sulfonate, 
purified  crystals 3300-5000    Bright         Peak  at  3500  sloping  grad- 
ually to  the  visible,  fairly 
strong. 

Naphthalene  calcium  disulfonate.     3700-4500    Moderate   Paint. 

Sodium  naphthionate 4x00-4700    Bright         Faint. 

2,6-0-Naphthol   ammonium    sul- 
fonate      3700-5000    Bright        Not  strong,  even. 

NoTB. — It  is  possible  that  of  the  other  substances  'listed  in  Table  II  there  is  also  a 

photographic  effect  from  0-hydroxybenzoic  acid;  sodium  o-hydroxybenzoate;  0-amino- 

benzoic  add;  benzidine  and  hexamethylene  tetramine  triguaiacol. 
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Table  II.1 
The  Visible  Fluorescence  of  Organic  Compounds. 

Substance.  Visibility, 

hydrazo-benzene  o 

diazo-aminobenzene  o 

bromobenzene*  2 

0-bromo-nitrobenzene  2 

ethyl  benzene  o 

iodobenzene*  2 

iodosobenzene-^sulf onk  add  4 

benzene  ethylsulf onate  o 

benzene-m-sodium  disulfonate  8  P 

benzophenone  7 

benzil  6 

benzyl  alcohol*  o 

benzyl  aniline  2 

benzyl  chloride*  1 

benzyl  cyanide*  3 

benzyl  ethyl  ether*  2 

benzoyl  acetone  2 

benzonitrile*  3 

benzoyl  thymol*  1 

benzidine  6 

benzidine  C  1 

benzidine  2  H  acid  o 

benzidine  poly-iodo-acetate  o 

benzidine  sulfone  1 
benzidine  sulfone 

2  Rsalt  o 
benzidine  sulfone 

mono-sulfonic  acid  o 
benzidine  sulfone 

disulf onic  acid  o 
benzidine  mono-sulfonic 

acid  2  H  salt  o 
benzidine  mono-sulfonic 

acid  2  R  salt  o 
benzidine  mono-sulfonic 

acid  NHiR  salt  o 
benzidine  trisulfonic  add                .  5 

diaceto-benzidine  o 
m-diamino-benzidine 

hydrochloride  x 

i-iodobenzidine  hydrochloride  2 

2-iodobenzidine  hydrochloride  2 

4-iodobenzidine  hydrochloride  o 

benzamidine  hydrochloride  7  P 

hydrobenzoin  4  P 

benzoic  add  5  P 

o-aminobenzoic  add  5  P 
1  The  figures  o  to  8  under  visibility  indicate  the  intensity  of  the  fluorescence. 
P  stands  for  distinct  phosphorescence.    Liquids  are  indicated  by  an  asterisk  *. 


Substance.                                    Visibility. 

acetamide 

0 

acetanilide 

3 

methyl-ace  tanilide 

2 

acetone* 

3 

acridine 

4 

phenyl-acridine 

7 

alanine 

0 

phenyl-alanine 

2 

phenyl-alanine  (from  casein) 

3 

phenyl-alanine  hydrochloride 

2 

sodium  alizarin  sulfonate 

0 

aminoid  peptone 

(amino  add  N  —  60%)  beef 

0 

aminoid  peptone 

(amino  acid  N  =  50%)  casein 

2 

aminoids  (biuret  free) 

casein 

O 

aminoids  (biuret  free) 

beef 

0 

amino  add  still-residue 

1 

diamino-stibene 

0 

amyl  alcohol* 

1 

iso-amyl  iodide* 

0 

aniline* 

O 

diethyl-aniline  * 

2 

dimethyl-aniline* 

6 

iodo-aniline 

0 

w-iodo-aniline* 

0 

p-iodo-aniline* 

0 

m-nitro-aniline 

0 

^-nitro-aniline  * 

X 

/>-iiitroso-dimethyl-anuine 

0 

anthracene 

8 

dibromo-anthracene 

7 

anthraquinone 

2 

anthraquinone  sodium  sulfonate 

4 

anthraquinone   monosodium   sul- 

fonate 

X 

asparagine 

0 

benzene* 

3 

p-amino-azobenzene 

0 

amino-azobenzene  hydrochloride 

0 

diamino-azobenzene  hydrochloride 

0 

dimethyl-amino-azobenzene* 

0 

/>-dimethyl-amino-azobenzene 

o-carboxylic  add  (methyl  red) 

0 

amino-azobenzene  disulfonic  add 

0 
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Substance, 
m-aminobenzoic  acid 
^ammobenzoic  acid 
o-chlorobenzoic  add 
o-hydroxybenzoic  add 

(salicylic  add) 
m-nydroxybenzoic  add 
^-hydroxybenzoic  add 
1,2,5-homohydroxybenzoic  add 
1,2^-dihydroxybenzoic  add 

(0-resorcylic  add) 
iodo-hydroxybenzoic  add 
tnethyl-o-hydroxybenzoic  add 

ester 
phenyl  -  0  -  hydroxybenzoic  add 

ester 
sodium-o-hydroxybenzoate 
o-iodobenzoic  add 
o-  and  ^-iodobenzoic  add 
iodosobenzoic  add 
o-nitrobenzoic  add 
^-nitrobenzoic  add 
1,3,5-dinitrobenzoic  add 
^-sulfone  amine  benzoic  add 
sodium  benzoate 
benzaldehyde* 
^-amino-benzaldehyde 
hydroxy-benzaldehyde 
1  f  2 ,4-dfrydroxy-benzaldehyde 

(0-resorcyl-aldehyde) 
1,2  -  hydroxy  -  5  -  bromo  -  benzal- 
dehyde 8 
bromal  hydrate  o 
bromobutyril  bromide*  1 
camphor  4 
caldum  camphor  sulfonate  2 
carbon  tetrachloride*  3 
chloroform*  2 
cholesterol  o 
cinchonidine  4 
isochmoline*  3 
creosol*  2 
o-cresol*  o 
m-cresol*  o 
^■cresol  2 
tricresol  *  1 


TablB  II  {continued). 

Visibility. 

Substance.                                  VisibUity. 

O 

ethylene  bromide* 

2 

O 

ethylene  chloride* 

1 

5P 

glutamic  add 

7 

glutamic  add 

2 

8 

glutamic  add 

0 

1 

glutamic  add  hydrochloride 

0 

5P 

glycerol* 

0 

0 

glycine  anhydride 

3 

glycine  anhydride 

0 

6 

glycylglicine  hydrochloride 

0 

0 

glycylglicine 

5 

glycine  ester  hydrochloride 

1 

8 

glycine  ester  hydrochloride 

0 

id 

glycine  ethyl  ester  hydrochloride 

0 

6 

phenyl-glycine 

0 

3 

dibromo-guaiacol 

5 

4 

dibromo-0-guaiacol 

3 

potassium  sulfonate 

0 

0 

iodoguaiacol  sodium  sulfonate 

0 

0 

hexamethylene  -  etramine        tri- 

0 

guaiacol 

5P 

2 

Hadd 

1 

6 

dichlorohydrin* 

1 

5 

hydroquinone 

4 

0 

hydroxy-hydroquinone 

0 

0 

•    dibromo-thymoquinone 

0 

0 

iodoform 

0 

leucine 

0 

2 

leucine  60-100 

0 

1- 

leucine  100-130 

0 

cyanacetic  add  o 

elaidic  add  o 

ethyl  alcohol*  o 

ethylamine  hydro-iodide  o 


leudne  130-150  o 
residue  from  leucine  purification  1 
mercury  ethyl  o 
methyl  alcohol*  o 
naphthalene  4 
naphthylene-i,2-diamine  1 
naphthylene-if2-diamine  hydro- 
chloride o 
naphthylene- 1,5 -diamine  o 
naphtnalene  boric  add  o 
bromo-naphthalene*  5 
a-methyl-naphthalene*  7 
/^methyl-naphthalene*  5 
1,5-dinitro-naphthalene  o 
1,8-dinitro-naphthalene  o 
cr-naphthalene  sulfochloride  2 
^-naphthalene  sulfochloride  1 
a-naphthalene  sulfonic  add  5 
0-naphthalene  sulfonic  add  6 
^-naphthalene  sodium  sulfonate        6 
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Table  II 

Substance.  Visibility. 

0-naphthylene  sodium  sulfonate 

(Witt  method)  7 

naphthalene  disulfonic  acid  5 

naphthalene  calcium  disulfonate  5 
1 ,8,3,6-dihydroxy-naphthalene 
sodium     disulfonate     (chromo- 

tropic  acid  chromogen-i)  3 
naphthalene   sodium   trisulfonate 

(crude)  4 

or-naphthol  4 

0-naphthol  2 

0-naphthol  o 
1,4-a-naphthol  monosulfonic  acid 
(crude)  (Neville  and  Winther's 

acid)  2 
1,5-a-naphthol  monosulfonic  acid 

(crude)  1 
2,6-0-naphthol    ammonium    sul- 
fonate 6 
1,4,8-a-naphthol    disulfonic    acid 

(crude)  (Schollkopf's  acid)  o 
1,3,8-a-naphthol    disulfonic    acid 

(crude)  4 

0-naphthol  disulfonic  acid  1 
2,6,8-0-naphthol   disulfonic   acid, 

G  acid  (crude)  6 
2,3,6-18-naphthol    disulfonic   acid, 

Racid  6 
2,6,8-^-amino-naphthol  sulfonic 

acid  (crude)  4 
1,8,3,6-amino-naphthol  sodium  di- 
sulfonate H  (crude)  o 
1,8,4,6-amino-naphthol  sodium  di- 
sulfonate K  (crude)  1 
a-naphtho-cinnoline  5 
cr-naphthonitrile*  4 
0-naphthonitrile  6 
^-naphthoquinone  monosulfonic 

acid  o 

naphtho-resorcinol  o 

a-naphthyl  salicylic  acid  5 

a-naphthylamine  4 

a-naphthylamine  hydrochloride  4 

0-naphthylamine  2 

0-naphthylamine  chloride  3 

dimethyl-a-naphthylamine*  6 

phenyl-a-naphthylamine  7 

phenyl-  jS-naphthylamine  7 
2,7-naphthylamine    sulfonic    acid 

(crude)  (Delta  add)  (P  acid)  4 


(continued). 

Substance.  Visibility. 

i  ,5 -a-naphthylamine  sulfonic  acid 

(crude)  (Laurent's  acid)  o 
2,6-0-naphthylamine  sulfonic  acid 

(crude)  (Bronner's  acid)  4 
2,8-0-naphthylamine  sulfonic  acid 

(crude)  6 
2,3,6-/3-naphthylamine    disulfonic 

acid  (crude)  (amino  R  acid)  4 
2,6,8-0-naphthylamine    disulfonic 

acid  (crude)  (amino  G  acid)  6 

naphthionic  acid  1 

hydroxy-naphthionic  acid  4 

sodium  naphthionate  8 

o-aceto-naphthalide  4 

0-aceto-naphthalide  6 

benzoyl-a-naphthalide  4  * 

acenaphthene  6 

^-nitro-anisole  o 

phenacetine  4 

phenacetolin  o 

phenanthraquinone  1 

phenanthrene  7 

phenetole*  1 

^-phenetole  sulfonate  5  P 

dibromo-phenetole-4-sulfonic  acid  o 

^-isobutyro-phenetidine  o 

phenol  4 

phenol  (in  water  72%)*  3 

phenol  (in  water  8%)*  1 

m-aminophenol  o 

^-aminophenol  hydrochloride  4 

^-bromophenol  sulfonic  acid  1 

/Mlibromophenol  sulfonic  acid  o 

tribromophenol  5 

o-chlorophenol  sulfonic  acid  3 

chloro-nitrophenol  o 

2,6-dkhloro-phenol-4-sulfonic  acid  5 

^-iodophenol  o 

di-iodophenol-4-sulfonic  acid  o 

di-iodophenol  iodide  o 

0-nitrophenol  o 

^-nitrophenol  o 
0-nitrophenol,  condensed  with 

HgO  o 
0-nitro-chlorophenol    condensed 

with  HgO  o 

phenolphthalein  o 

diphenyl  6 

di-iodo-diphenyl  o 

diphenyl-iodo-iodide  o 
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Tablb  II  (continued). 

Substance.                                   Visibility. 

Substance.                                 Visibility. 

diphenyl  carbonate 

4P 

bromo-pyrogallol-trimethyl  ether 

6 

diphenylamine 

5P 

bromo-pyrogaUol-dimethyl  sul- 

diphenylamine hydrochloride 

1 

fonic  acid 

3 

methyl-diphenylamine*  (crude) 

7 

quinine  hydrochloride 

3 

1  -phenyl-3-methyl-5-pyrazolone 

0  • 

quinine  sulfate 

2 

3-phenyl-5-chloropyrazole 

4 

quinoline* 

0 

hydroxyphenyl  mercury  acetate 

0 

0-hydrozy-qumoline 

0 

diandno-diphenyMhio-urea 

0 

resordnol 

4P 

^phenylene-diamine 

5 

resordnol  dimethyl  ether* 

0 

/>-aceto-phenylene-diamine 

2 

tribromo-resorcinol 

0 

phenylene  -  diamino  -  azo  -  0  - 

di-iodo-resordnol 

0 

toluidine 

0 

tri-iodo-resordnol 

0 

/>-phenylhydrazine  sulfonic  acid 

0 

terpine  hydrate 

0 

^-amino-acetophenone 

X 

theobromine 

6P 

cinnamyHdene-acetophenone 

3 

thymol 

0 

pinene* 

0 

toluene* 

3 

cr-bromo-propionic  add* 

0 

^-bromotoluene* 

2 

iodo-propionic  acid 

1 

dinitrotoluene* 

O 

bromo-propionyl  chloride* 

0 

o-nitro-toluene  sodium  sulfonate 

X 

pyridine* 

0 

tyrosine 

X 

pyridine  hydrochloride* 

X 

tyrosine 

0 

pyrogaUol-dimethyl  ether  barium 

tyrosine  and  cystine 

0 

sulfonate 

3 

xylene* 

4 

pyrogaUol-trimethyl  ether  barium 

0-xylene* 

3 

sulfonate 

3 

ro-xylene* 

2 

bromo-pyrogallol-dimethyl  ether 

6 

if3-xylenol-4* 

4 

Tabu*  III.1 

The  Visible  Fluorescence  of  Dyes. 

Substance.                                    Visibility. 

Substance.                                  Visibility. 

acridine 

3 

benzo  blue  3  B 

0 

acridine  orange 

0 

4  benzo  blue 

0 

phenyl  acridine 

6 

benzo  brown  G 

0 

ethyl  red 

0 

benzo  fast  blue  R 

0 

alizarine  dry 

0 

benzo  fast  pink  2  BL 

4 

aniline  blue 

1 

benzo  fast  scarlet  4  BS 

0 

anthracene  blue 

0 

benzo  fast  yellow  5  GL 

0 

acid  anthracene  brown  R 

0 

benzo  olive 

4 

anthracene  red 

1 

benzo  purpurin 

0 

anthracene  yellow  G 

2 

benzo  purpurin  4  B 

0 

auramine 

5 

benzo  purpurin  6  B 

0 

aurantia 

0 

benzo  purpurin  10  B 

0 

azo  blue 

3 

benzo  sky  blue 

5 

azo-eosin 

0 

bismarck  brown 

0 

benzo-azurine 

5 

bitter  almond  oil  green 

0 

benzo-azurine  G 

I 

bordeaux  G 

0 

benzo-azurine  3  G 

2 

brazilin 

0 

benzo  black  blue  5  G 

I 

brilliant  cresyl  blue 

0 

1  The  figures  o  to  8  under  visibility  indicate  the  intensity  of  the  fluorescence. 
No  dye  fluoresced  brightly  and  none  was  noticeably  phosphorescent. 
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Tabu*  III 

Substance.  Visibility. 

carminic  add  o 

quinoline  yellow  3 

qiiinoline  yellow  spirit  i 

quinoline  red  o 

chloro-fuchsin  o 

chromogen  4 

chrysamine  G  o 

chrysoidine  o 

congo  red  o 

coralline  o 

coralline  alcohol  soluble  o 

coralline  water  soluble  o 

crocein  i 

crystal  violet  o 

cyanine  o 

diamond  black  i 

eosin  w.  i 

erythrosine  o 

fluorescein  o 

fuchsia  f .  bac.  o 

gentian  violet  BP  o 

hematoxylin  o 

hemalaun  dry  o 

hematein  o 

indigo  carmine  o 

iodo-methylene  blue  o 

iodo-eosine  o 

iodine  green  o 

malachite  green  o 

methylene  blue  o 

methylene  blue  2  B  extra  o 

methyl  eosine  o 

methyl  orange  o 

methyl  violet  o 

naphthalene  red  o 

naphthamine  black  BN  o 

naphthamine  black  BNN  o 

naphthamine  black  GE  o 

naphthamine  black  H  3 

naphthamine  black  HRB  3 

naphthamine  black  2  RE  o 

naphthamine  black  3  RE  o 

naphthamine  black  4  RE  o 

naphthamine  black  RGE  3 

naphthamine  blue  o 

naphthamine  blue  7  B  o 

naphthamine  blue  12  B  o 

naphthamine  blue  BE  o 

naphthamine  blue  2  BL  o 

naphthamine  blue  2  BX  o 


Substance. 

naphthamine  blue  BXG 
naphthamine  blue  BXR 
naphthamine  blue  JE 
naphthamine  blue  3  R 
naphthamine  blue  3  RE 
naphthamine  brilliant  blue  B 
naphthamine  brilliant  blue  BW 
naphthamine  brilliant  blue  BWO 
naphthamine  brilliant  blue  G 
naphthamine  brown  8  B 
naphthamine  brown  GX 
naphthamine  brown  4  G  extra 
naphthamine  brown  H 
naphthamine  brown  RB 
naphthamine  deep  black  HW 
naphthamine  direct  black  C 
naphthamine  direct  black  EK 
naphthamine  direct  black  0 
naphthamine  direct  black  RWK 
naphthamine  direct  brown  2  R 
naphthamine  fast  black  KS 
naphthamine  fast  black  SDfi 
naphthamine  fast  black  SE 
naphthamine  fast  black  VE 
naphthamine  fast  bordeaux  BG 
naphthamine  fast  scarlet  B 
naphthamine  fast  scarlet  R 
naphthamine  green  A 
naphthamine  green  AB 
naphthamine  green  AG 
naphthamine  green  B 
naphthamine  green  TE 
naphthamine  orange  2  R 
naphthamine  red  H 
naphthamine  scarlet  B 
naphthamine  violet  BE 
naphthamine  violet  N 
1 ,2  -naph  thoquinone-4, 6-sodium     di 

sulfonate 
1 ,2  -naphthoquinone-4-sodium  sul- 
fonate 
naphthol  yellow  S 
naphthol  green 
naphthol  orange  * 

naphthylamine  black  10B 
naphthylamine  black  BOO 
naphthylamine  black  NR 
neutral  red 
nigrosine  base 
nile  blue  sulfate 


Visibility. 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 


o 
o 
o 
o 
o 
o 
I 
o 
o 
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Tabus  III  (continued). 

Substance. 

Visibility. 

Substance. 

Visibility 

orange  G 

0 

rubin 

0 

orcein 

0 

safranine  (alcohol) 

O 

phloxin  red 

0 

scarlet  red 

O 

phosphin  3  R 

0 

solid  green 

O 

ponceau  PR 

0 

sudan  III 

O 

pyronine 

0 

tropaeolin 

O 

rapid  filter  yellow 

0 

tropaeolin-o-resorcine  yellow 

O 

rapid  filter  green  I 

0 

trypan  blue 

2 

resordne  fuchstne 

0 

trypan  red 

X 

rosanitin  acetate 

0 

uranin  (fluorescent) 

2 

roaebengale 

0 

Summary. 

An  extended  search  for  a  substance  which  might  be  available  for  ap- 
plication in  animal  experiment  (relatively  soluble),  and  at  the  same  time 
capable  of  emitting  fluorescent  rays  in  the  mid-ultra-violet  region  of  the 
spectrum  under  the  influence  of  the  X-ray,  has  revealed  only  sodium 
bromide  as  possessing  these  qualities.  Many  organic  chemical  com- 
pounds fluoresce  brightly  in  the  visible  region  of  the  spectrum  and  a  mod- 
erate number  of  them  give  fluorescence  which  is  capable  of  blackening 
the  photographic  plate. 

It  has  been  shown  that  there  are  solids,  liquids,  gases  and  certain  solu- 
tions which  fluoresce.  The  phenomenon  is  not  limited  to  any  physical 
state.  The  nature  of  the  fluorescence  excited  in  any  material,  both  as  to 
intensity  and  quality  is  independent  of  the  quality  of  the  exciting  X- 
rays  and  dependent  on  their  energy  alone. 

I  wish  to  express  my  appreciation  to  Dr.  Paul  Lewis  for  the  very  con- 
siderable interest  which  he  has  taken  in  this  problem. 

Phxlad*lphxa,  Prnna. 


[Contribution  from  the  Physical  Chemistry  Laboratories  op  the  University  op 

Cape  Town.] 

HYDROGEN  OVERVOLTAGE. 

Criticism  of  the  Papers  by  Maclnnes,  Adler  and  Contieri.1 

By  Edgar  Newbery. 

Received  June  1,  1920. 

In  these  papers  the  authors  appear  dissatisfied  with  the  explanations  so 
far  proposed  for  the  influence  of  the  physical  condition  of  the  electrode 
surface  on  hydrogen  overvoltage,  and  they  have  carried  out  certain  ex- 
periments and  restated  in  a  modified  form  the  theory  of  Moller  to  ac- 
count for  these  changes.  Unfortunately,  their  method  of  experiment 
and  also  certain  vital  parts  of  their  reasoning  are  open  to  most  serious 
objections.  It  is  to  be  feared  that  these  objections  are  of  such  a  nature 
1  This  Journal,  41, 194  and  2013  (1919). 
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as  to  invalidate  completely  the  whole  work  so  far  as  its  original  purpose 
is  concerned.  A  few  of  these  objections  will  be  pointed  out  in  the  pres- 
ent criticism,  but  many  others  could  be  given  if  needed. 

i.  The  definition  of  overvoltage  given  at  the  commencement  of  the 
first  paper  is  quite  incorrect.  The  potential  of  an  electrode  at  which 
molecular  hydrogen  is  being  formed  from  hydrogen  ions  depends  not  only 
upon  the  overvoltage  but  also  upon  the  applied  E.  M.  F.,  the  resistance  of 
the  electrolyte,  and  especially  upon  the  transfer  resistance. 

Overvoltage  is  of  necessity  an  active  voltage  or  electromotive  force,  capa- 
ble of  doing  work  after  all  external  sources  of  E.  M.  P.  have  been  removed. 
Transfer  resistance  is  a  purely  passive  or  frictional  force  which  entirely 
ceases  when  the  external  E.  M.  P.  is  interrupted.  These  2  forces  work  in 
the  same  direction  during  the  passage  of  the  current;  but  directly  this 
current  is  interrupted,  overvoltage  alone  exists  and  may  then  be  measured. 
Although  overvoltage  and  transfer  resistance  occur  together  in  this  way, 
they  are  mutually  independent  and  frequently  vary  in  opposite  direc- 
tions. 

A  fairly  full  account  of  the  behavior  of  ^transfer  resistance  is  given  in 
the  Transactions  of  the  Faraday  Society,  15,  Part  I,  1919,  under  the  title 
"The  Resistance  of  an  Electrolytic  Cell."  It  will  there  be  seen  that 
when  hydrogen  is  being  liberated,  transfer  resistance  is  greatest  at  low 
current-densities.  In  the  work  under  discussion,  extremely  low  current- 
densities  were  employed,  but  these  current-densities  were  just  sufficient 
to  liberate  visible  bubbles  of  gas.  The  electrodes  must,  therefore,  have 
been  saturated  with  gas;  and  the  authors,  apparently  without  knowing 
it,  have  chosen  ideal  conditions  for  obtaining  the  highest  possible  trans- 
fer resistances.  Since  the  surface  area  of  the  electrode  used  was  very 
small  (no  definite  data  are  given),  the  transfer  resistance  at  the  electrode 
must  have  amounted  to  at  least  1000  ohms,  and  may  have  been  100,000 
ohms.  Under  these  conditions,  therefore,  the  effect  of  overvoltage  is 
negligible  and  the  whole  work  of  the  authors  has  consisted  in  measuring, 
not  overvoltage,  but  the  excess  potential  required  to  overcome  transfer 
resistance. 

(2)  The  authors  are  under  some  misapprehension  as  to  the  true  over- 
voltage of  platinum.  They  state  (p.  194)  that  "a  polished  platinum  elec- 
trode may  show  an  overvoltage  as  high  as  o .  1  volt,  whereas  for  platinized 
platinum  it  is  nearly  zero."  This  statement  is  incorrect.  Platinum 
has  4  overvoltages  corresponding  to  4  states  of  valence,  o,  8,  4  and  2. 
These  overvoltages  are  approximately  0.0,  0.18,  0.45  and  0.65  volt 
respectively,  and  are  shown  by  both  polished  and  platinized  platinum, 
the  only  difference  between  the  two  being  the  greater  care  and  time  re- 
quired to  make  the  latter  show  the  higher  overvoltages.  The  "raison 
d'etre"  of  their  work  (viz.,  the  difficulty  of  explaining  the  supposed  in- 
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fluence  of  physical  condition  of  the  electrode  upon  overvoltage)  appears, 
therefore,  to  be  non-existent. 

(3)  In  evolving  their  theory,  the  authors  appear  to  look  upon  the  elec- 
trode as  something  in  the  nature  of  a  spongy  mass  exuding  gas  through  its 
pores,  and  lose  sight  of  the  fact  that  this  gas  has  first  to  penetrate  through 
the  layer  of  adhering  molecules  before  it  can  give  up  its  electric  charge 
to  the  electrode.  The  fact  that  this  molecular  layer  cannot  be  seen 
with  the  microscope  is,  of  course,  no  evidence  whatever  against  its  ex- 
istence, and  the  well  known  sudden  rush  of  current  rapidly  falling  to 
nearly  zero  when  an  £.  M.  F.  is  first  applied  to  a  fresh  electrode  should  have 
led  the  authors  to  suspect  the  presence  of  such  a  gas  film.  The  forma- 
tion of  bubbles  is  then  due  to  the  gradual  creeping  together  of  this  surface 
gas,  and  this  process  in  certainly  affected  by  surface  conditions  but  has 
nothing  to  do  with  overvoltage. 

(4)  The  proposed  theory  is  quite  unable  to  account  for  the  dependence 
of  overvoltage  upon  valence;  the  sudden  rapid  changes  shown  by  a  metal 
such  as  iridium  from  one  definite  and  constant  overvoltage  to  another 
equally  definite  and  constant;  the  remarkably  constant  overvoltage 
shown  by  a  metal  such  as  thallium  under  the  greatest  variations  of  cur- 
rent density  and  time;  the  high  "metal  overvoltages"  shown  by  iron, 
nickel  and  cobalt  during  electrolytic  deposition  from  solutions  of  their 
salts;  passivity,  permanent  and  periodic;  valve  action;  and  many  other 
electrode  phenomena,  all  of  which  are  readily  accounted  for  by  the  hydride 
and  higher  oxide  theory. 

(5)  The  effect  of  external  pressure  upon  true  overvoltage  is  almost 
zero,  no  appreciable  change  being  produced  by  pressures  of  100  atmo- 
spheres or  more  of  hydrogen  or  oxygen.1  The  effects  observed  by  the 
authors  are,  therefore,  due  to  changes  of  transfer  resistance  and  as  such 
are  of  considerable  interest. 

Many  more  objections  could  be  stated,  but  sufficient  has  been  said 
to  show  that  this  theory  as  it  stands  is  quite  untenable.  If  it  is  borne  in 
mind  that  overvoltage  in  their  experimental  work  is  a  negligible  quantity 
and  that  transfer  resistance  is  the  main  quantity  which  is  being  meas- 
ured, many  interesting  points  may  be  observed.  The  fluctuations  of 
potential  due  to  escape  of  bubbles  are  among  these,,  and  are  evidently 
due  to  changes  in  the  state  of  strain  and  tenuity  of  the  molecular  gas 
film  which  is  the  prime  cause  of  transfer  resistance.  It  is,  however,  un- 
necessary to  use  such  small  electrodes  and  sensitive  galvanometers  to 
observe  these  phenomena,  since  they  are  easily  studied  with  electrodes  of 
one  sq.  cm.  area  and  a  milliammeter.  Polished  surfaces  show  the  phe- 
nomena best  and  also  show  a  different  effect  when  placed  horizontally 
from  that  observed  when  held  vertically.  Mercury  in  particular  shows 
1  /.  Chem.  Soc.t  105,  2428  (1914). 


Digitized  by 


Google 


2010  EDGAR  NEWBBRY. 

the  effect  in  a  very  marked  manner  even  when  fairly  high  current  densi- 
ties are  used,  and  if  the  authors  have  access  to  an  oscillograph  (which  the 
present  writer  has  not),  it  is  hoped  they  will  utilize  it  in  further  experi- 
ments on  this  subject.  These  effects  were  observed  by  the  present  writer 
in  1914,  when  engaged  on  the  preliminary  work  on  overvoltage,  but 
were  then  considered  (perhaps  wrongly)  to  be  of  insufficient  importance 
for  discussion.    They  may  be  explained  as  follows. 

The  gas  bubbles  grow  in  size  by  continually  attracting  smaller  bubbles, 
dragging  them  against  considerable  frictional  forces  over  the  surface  of 
the  electrode.  These  large  bubbles,  therefore,  produce  a  condition  of 
lateral  strain  in  the  gas  film  on  the  surface,  increasing  its  tenuity  and 
hence  diminishing  its  opposition  to  the  entrance  of  new  ions  from  the 
solution,  in  other  words,  lowering  the  transfer  resistance.  The  attrac- 
tive power  of  the  bubble,  and  hence  the  diminution  of  transfer  resistance, 
will  therefore  vary  with  the  radius  of  the  bubble.  Directly  the  bubble 
breaks  away,  this  surface  strain  is  released,  the  surface  film  rapidly  thick- 
ens and  thus  increases  the  transfer  resistance  until  a  new  bubble  forms, 
when  the  process  is  repeated.  The  gas  nucleus  left  behind  is  probably 
attached  to  some  projecting  point  on  the  electrode  surface,  and  the  ab- 
sence of  such  points  accounts  for  the  intensification  of  the  phenomena  in 
the  case  of  mercury. 

The  equation  which  the  authors  deduce 

FE  =  3-*I7, 
2pr 

showing  the  relation  between  transfer  resistance,  bubble-radius,  and  ex- 
ternal pressure,  is  very  interesting,  and  when  rightly  applied  may  per- 
haps afford  a  mathematical  basis  for  explaining  the  behavior  of  transfer 
resistance.  The  reason  why  its  application  is  less  successful  with  metals 
other  than  platinum  is  evidently  due  to  the  disturbing  effect  of  true  over- 
voltage  which  will  be  quite  appreciable  with  most  other  metals.  This 
can  fortunately  be  eliminated  by  determining  the  overvoltage  directly 
with  the  aid  of  a  rotating  commutator,  and  this  commutator  may  be 
short-circuited  by  means  of  a  plug  key  when  the  excess  potential  due  to 
overvoltage  plus  transfer  resistance  is  to  be  measured.  If  this  is  done, 
the  equation  will  probably  represent  the  facts  with  very  fair  accuracy  in 
all  cases,  even  where  high  current  densities  and  high-overvoltage  metals 
are  used. 

The  effect  of  change  of  pressure  on  transfer  resistance  described  by  the 
authors  is  also  a  matter  of  considerable  interest.  The  assumption  that 
p  is  accurately  represented  by  the  external  atmospheric  pressure  is,  how- 
ever, somewhat  doubtful.  In  the  case  of  very  small  bubbles,  it  may  be 
far  from  true,  since  the  electrostatic  and  surface  tension  forces  present 
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may  greatly  increase  the  actual  value  of  p.  At  the  same  time,  since  the 
radii  only  of  the  larger  bubbles  just  on  the  point  of  escaping  were  meas- 
ured, the  value  of  p  for  these  is  probably  not  far  removed  from  that  for 
the  external  pressure.  It  is  quite  possible  that  the  observations  on  the. 
increase  of  efficiency  of  metal  deposition  at  low  pressures  may  find  im- 
portant technical  applications. 

It  is  hoped  that  the  authors  will  continue  their  investigations  along 
these  lines,  taking  the  precaution  to  eliminate  overvoltage  effects  by  the 
introduction  of  a  rotating  commutator  as  already  suggested. 

Caps  Town,  South  Ahuca. 


[Contribution  from  the  Gaylsy  Chemical  and  Metallurgical  Laboratory  of 

Lafayette  Colusqb.] 

FLUIDITIES    AND    SPECIFIC    VOLUMES    OF    MIXTURES    OF 
BENZYL  BENZOATE  AND  BENZENE.    XXIX. 

By  Eugenb  C.  Bingham  and  Landon  A.  Sarvbr. 

Received  J«Iy  15,  1919. 

Introduction. 

Evidence  has  been  accumulating  to  prove  that  the  old  hypothesis 
that  viscosities  are  additive  is  quite  untenable.  At  the  same  time  there 
is  both  theoretical  and  experimental  proof  that  fluidities  are  additive. 
The  decision  as  to  whether  one  or  the  other  or  neither  of  these  proper- 
ties is  additive  is  of  course  absolutely  imperative  before  fluidity  can  come 
into  use  for  solving  physical  chemical  problems.  Since  fluidity  is  very 
well  suited  to  solve  many  such  problems,  it  seems  strange  to  the  unini- 
tiated that  the  fundamental  decision  has  been  arrived  at  so  late.  The 
reason,  however,  is  not  far  to  seek.  To  test  the  hypothesis  that  fluidi- 
ties are  additive,  it  would  be  most  natural  and  easy  to  measure  the  fluidi- 
ties of  mixtures  of  2  pure  inert  liquids.  The  difficulty  comes  in  finding 
liquids  which  are  ''inert,"  i.  e.t  individually  non-associated  as  well  as  with- 
out tendency  to  combine  with  each  other. 

We  have  more  or  less  satisfactory  methods  for  determining  when  a 
given  liquid  is  non-associated,  but  we  are  unable  to  predict  with  cer- 
tainty when  loose  combinations  may  be  formed;  much  less  are  we  able  to 
explain  the  nature  of  the  "molecular  compounds." 

It  is  this  complication  of  "variables"  which  has  hitherto  rendered  the 
problem  of  their  separation  insoluble.  One  procedure  is  that  advocated 
by  Bingham  of  seeking  evidence  outside  of  mixtures  of  liquids  in  sus- 
pensions and  pure  liquids,  which  seems  to  speak  more  unequivocally  in 
favor  of  the  view  that  fluidities  are  additive.  If  this  course  is  pursued 
and  we  boldly  maintain  that  fluidities  are  additive  the  number  of  varia- 
bles is  at  once  reduced  and  it  becomes  possible  to  calculate  the  associa- 
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tion  of  liquids  and  in  simple  cases  the  combination  in  mixtures.  It  is 
generally  true  that  combination  produces  effects  on  other  physical  proper- 
ties which  can  be  used  to  the  greatest  advantage  in  testing  out  the  in- 
herent  probability  of  each  of  our  conclusions.  Hence  it  becomes  possi- 
ble to  build  up  a  considerable  structure  of  truth  resting  upon  a  founda- 
tion which  is  tested  out  at  every  point,  in  order  to  determine  its  stability 
or  instability.    This  can  be  well  illustrated  as  follows. 

Thorpe  and  Rodger  measured  the  viscosities  of  mixtures  of  chloroform 
and  ether.  When  the  curve  was  plotted  it  showed  a  point  of  inflection, 
to  explain  which  made  it  necessary  to  assume  that  (i)  in  certain  mixtures 
combination  took  place,  whereas  (2)  in  other  mixtures  the  opposite  effect  was 
shown,  such  as  might  be  produced  by  breaking  down  of  association.  When 
it  is  noted  that  in  every  mixture  there  is  contraction  in  volume  and  heat 
evolution,  these  2  hypotheses  become  improbable.  However,  when  we 
plot  the  fluidities  of  chloroform  and  ether  against  the  volume  concentra- 
tion, the  point  of  inflection  disappears  and  the  curve  shows  positive  curva- 
ture throughout.  This  is  explained  by  the  single  hypothesis  that  chloro- 
.  form  and  ether  form  a  loose  combination,  a  conclusion  supported  by 
all  of  the  other  evidence  which  we  have  had  at  hand. 

Kendall,1  in  191 2,  examined  a  considerable  portion  of  the  available 
viscosity  data  and  came  to  the  conclusion  that  a  formula 

log  ij  =  a  log  ni  +  b  log  ft 
gives  better  average  agreement  than  any  hitherto  proposed.  It  hardly 
seems  likely,  however,  that  the  logarithms  of  the  viscosities  should  be 
additive.  Certainly  no  physical  meaning  for  such  an  awkward  concep- 
tion has  been  put  forth.  But  as  one  of  us  has  pointed  out,2  if.it  happens 
that  on  mixing  combination  takes  place  more  frequently  than  dissocia- 
tion, it  might  well  be  that  some  purely  empirical  formula  such  as  the 
above  would  show  better  statistical  agreement  than  the  true  formula, 
which  we  believe  to  be  the  additive  fluidity-volume  concentration  for- 
mula, <p  =  a<pi  +  b<p%.  But  it  is  important  to  note  that  on  account  of 
the  disturbing  factors  of  association  and  combination,  no  single  formula, 
either  empirical  or  otherwise,  can  apply  to  all  mixtures. 

Kendall  and  Monroe3  have  attempted  to  settle  the  question  finally 
by  studying  '  'inert* '  liquids  of  widely  differing  fluidities,4  namely,  mix- 
tures of  (1)  benzene  and  benzyl  benzoate,  (2)  benzene  and  ethyl  benzoate, 
(3)  toluene  and  ethyl  benzoate,  and  (4)  toluene  and  benzyl  benzoate.  In 
speaking  of  the  mixtures  of  benzene  and  benzyl  benzoate^they  say6  "so  far 

1  Kendall,  Meddel.  K.  Vetcnskapsakad.  Nobelinst.,  2,  No.  25  (1913). 

1  J.  Phys.  Chem.,  18,  157  (1913). 

1  Kendall  and  Monroe,  This  Journal,  39,  1787  (191 7). 

4  Am.  Chem.  /.,  35,  199  (1906). 

•  This  Journal,  39,  1796  (191 7). 
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as  can  be  judged,  this  system  is  ideal.  Careful  calorimetric  measurements 
failed  to  indicate  any  heat  evolution  or  absorption  on  admixture  of  equal 
volumes  of  the  two  liquids.  Density  determinations  showed  that  no 
volume  change  occurred/ '  The  other  mixtures  appeared  to  the  authors 
to  be  equally  inert.  However,  none  of  the  mixtures  gave  results  which 
would  be  predicted  by  any  hypothesis  given  above.  As  a  matter  of  fact, 
no  empirical  formula  was  found  which  would  fit  all  of  the  data,  although 
the  first  3  mixtures  are  represented  by  a  formula 

where  the  concentrations  are  molecular.  That  they  have  found  an 
empirical  formula  which  will  reproduce  the  viscosities  of  mixtures  of 
benzene  and  benzyl  benzoate  with  a  divergence  of  only  3.8%  is  not  re- 
markable. But  it  is  remarkable  that  there  should  be  a  larger  deviation 
from  the  fluidity-volume  concentration  curve,  provided  that  these  liquids 
are  inert  as  they  maintain  and  fluidities  are  truly  additive.  This  apparent 
exception,  therefore,  demanded  investigation. 

Since  Kendall  and  Monroe  have  not  given  their  data  in  regard  to  the 
densities  of  their  solutions  and  only  mention  the  subject  in  the  somewhat 
vague  way  quoted  above,  it  seemed  best  to  repeat  a  portion  of  their  work, 
as  there  might  have  been  at  least  slight  changes  in  volume  and  in  tempera- 
ture which  might  have  been  ascribed  to  experimental  error.  If  benzene 
and  benzyl  benzoate  form  an  ideal  mixture  as  Kendall  and  Monroe  think 
they  do  at  25  °,  then  they  certainly  should  also  do  so  at  other  tempera- 
tures. On  the  other  hand,  if  fluidities  are  additive  and  there  were  combina- 
tions taking  place,  causing  the  sag  from  the  linear  fluidity  curve,  then  it  is 
probable  that  the  amount  of  combination  will  be  less  at  the  higher  tem- 
peratures and  greater  at  the  lower  temperatures,  hence  there  will  not  be 
the  concordance  found  by  Kendall  and  Munroe  except  at  the  one  tempera- 
ture investigated. 

Preparation  of  Materials. 

Benzene. — Pure  commercial  benzene  was  shaken  repeatedly  with 
sulfuric  acid  until  the  latter  showed  no  coloration.  It  was  washed  with 
distilled  water,  and  N  sodium  hydroxide  solution,  to  remove  the  last  traces 
of  acid;  and  finally  5  times  with  water  to  remove  the  alkali.  After  dry- 
ing it  was  recrystallized  6  times  by  freezing  it  in  a  round-bottomed  flask, 
shaking  occasionally  with  a  circular  motion  and  pouring  off  the  last  por- 
tion each  time;  in  this  way  the  liquid  forms  a  solid  cake  around  the  walls 
of  the  flasks,  freezing  at  constant  temperature  until  only  a  few  cc.  re- 
main. This  liquid  is  poured  off,  the  solid  melted  and  the  process  repeated. 
At  the  end  no  change  of  freezing-point  temperature  could  be  observed 
while  the  last  portion  was  freezing.  The  benzene,  thus  purified  was  dried 
over  freshly  cut  sodium  which  had  been  carefully  washed  with  pure  ben- 
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zene;  and  it  was  then  fractionated  between  80. 2°  and  80. 30  into  a  care- 
fully cleaned,  dust-free  bottle. 

Benzyl  Benzoate. — One  mole  of  pure  benzyl  alcohol  was  added  drop 
by  drop  to  one  and  one-half  moles  of  benzoyl  chloride  heated  to  140  ° 
in  an  oil-bath.  Hydrogen  chloride  was  freely  evolved,  and  the  reaction 
was  complete  in  2  hours.  The  oil  was  fractionated  to  remove  the  excess 
of  benzoyl  chloride,  giving  a  yield  of  over  90%  of  nearly  pure  ester.  It 
could  not  be  dried  with  phosphoric  anhydride,  since  under  the  influence 
of  the  latter  substance  the  ester  passed  over  almost  quantitatively  into 
benzoic  acid  and  benzyl  phosphate.  To  free  it  from  benzoic  acid  the  oil 
was  titrated  with  o  .05  N  sodium  hydroxide,  using  one  milligram  of  phenol- 
phthalein  dissolved  in  a  known  quantity  of  alkali  for  an  indicator,  until 
the  aqueous  solution  was  colored  permanently  red;  the  solid  phenol- 
phthalein  was  soluble  chiefly  in  the  oil,  while  the  sodium  salt  was  solu- 
ble only  in  the  alkaline  aqueous  solution.  The  ester  was  washed  many 
times  with  water  to  remove  last  traces  of  alkali,  and  dried  by  heating 
for  several  hours  on  a  water-bath,  in  vacuo,  while  a  current  of  dry  air  was 
being  drawn  through  it.  The  substance  was  now  recrystallized  3  times  to 
free  it  from  benzyl  alcohol;  the  ester  was  mixed  with  1/io  of  its  volume 
of  ether,  frozen,  filtered  on  a  platinum  cone,  melted,  and  the  process 
repeated.  The  material,  thus  purified,  was  again  subjected  to  the  treat- 
ment with  dry  air,  in  vacuo,  to  remove  last  traces  of  ether  and  water, 
and  finally  fractionated  3  times,  in  vacuo,  into  dust-free  apparatus.  A 
large  sample  of  the  pure  ester  was  melted,  showing  a  slight  softening  at 
1 7. 550,  and  melting  at  18.2  °.  It  was  absolutely  colorless  and  had  a 
faint  odor.  The  substance  decomposed  slightly  when  distilled  at  atmo- 
spheric pressure,  giving  a  pale  yellow  color  and  a  faint  odor;  hence  it  was 
necessary  to  conduct  all  distillations  under  reduced  pressure. 
Standardization  of  Apparatus. 

The  viscometer  used  had  previously  been  carefully  calibrated;1 
several  observations  on  dust-free  water  showed  the  values  given  there  to 
be  correct.  In  the  formula  ij  =  Cpt  —  C'p/t,  logC  =  3.15555  —  10 
and  log  C  =  8.37598  —  10. 

Experimental. 

Observations  were  made  upon  the  2  pure  substances  and  3  mixtures 
over  a  range  of  temperature  from  50  to  75  °.  The  mixtures  were  made 
by  first  weighing  out  the  benzyl  benzoate  in  a  glass-stoppered  bottle, 
then  adding  the  benzene  from  a  capillary  pipet;  the  2  liquids  were  then 
mixed  with  a  circular  motion,  care  being  taken  not  to  wet  the  stopper, 
lest  differential  evaporation  should  change  the  concentration.  Great 
care  was  taken  at  all  times  to  protect  reagents  and  apparatus  from  dust. 
A  summary  of  results  follows. 

1  See  Bingham  and  Jackson,  Bur.  Standards,  Bull.  298. 
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Table  I. — Benzyl  Benzoate. 


Temp,  bath 

Time 

n 

•c. 

Sec. 

Po. 

P. 

In  cp. 

*• 

V. 

p. 

5 

2359  O 

401  3 

401.3 

19.280 

5.185 

0.8818 

1. 1 134 

15 

2x11.5 

4013 

401.3 

I2.I20 

8.249 

0.8890 

I. 1249 

25 

H38.5 

4030 

402.9 

8.292 

12. 06 

0.8958 

I. I 163 

40 

909.6 

4030 

402.9 

5243 

I9.07 

0.9058 

I . 0780 

60 

566.6 

402.6 

402.0 

3259 

30.68 

0.9200 

1.0870 

80 

3907 

402.6 

40I-5 

2.245 

4456 

0.9330 

1.0546 

90 

333-4 

402.4 

400.8 

1. 912 

5230 

0.9430 

I .0604 

IOO 

289.0 

402.4 

400.3 

1-655 

60.42 

0.9460 

I. 0571 

Table  II. — Benzene. 

5 

564- 1 

103.2 

102.7 

O.8293 

I205 

1.1187 

0.8939 

15 

4775 

103.2 

102 . 6 

O.7012 

142.5 

1. 1323 

0.8832 

25 

410. 1 

103.4 

102.5 

O.6018 

166.  I 

I .1461 

0.8725 

40 

336.9 

1035 

102.2 

O.4912 

2035 

I. 1675 

0.8565 

60 

266.9 

103  5 

101.6 

O.3877 

2579 

I . 1980 

0.8347 

75 

331  6 

71.08 

6986 

0.33I4 

30X.8 

1. 2371 

0.8083 

Table  III. 
Benzyl  Benzoate  75%;  Benzene,  25%  by  Weight. 


Temp,  bath  Time 

n 

°C. 

Sec. 

Po- 

p. 

in  cp. 

*. 

p. 

P- 

5 

9058 

410.2 

410.0 

5313 

18.86 

O . 9402 

I.0640 

15 

683.O 

410.3 

409.7 

4.OO4 

24.99 

O.9483 

I.0550 

25 

524  2 

410.3 

409.7 

3073 

3254 

09565 

I.0454 

40 

372.1 

410.5 

409.4 

2.180 

45-88 

O.9685 

I.0325 

60 

256.7 

410.4 

407.7 

1.556 

64.27 

O.9854 

I. 0148 

75 

209.7 

410.4  ' 

406.5 

I.22Q 

82.OO 

O.9985 

I. 0015 

Table  IV. 
Benzyl  Benzoate,  50%;  Benzene,  50%  by  Weight. 


5 

534-8 

308 

4 

308.3 

2.356 

4244 

0 

998 

1 .0016 

10 

474.0 

307 

7 

3074 

2.084 

47  97 

X 

002 

0.9980 

15 

424.1 

307 

7 

306.7 

1. 861 

53-73 

1 

008 

0.9925 

25 

345  6 

307 

7 

306.3 

1. 514 

66.04 

1 

018 

0.9825 

40 

410.4 

198 

9 

1978 

1 .  161 

86.13 

1 

032 

0 . 9687 

60 

306.6 

198 

9 

197.2 

0.865 

115. 6 

1 

053 

0.9560 

75 

255  2 

199 

0 

196.6 

0.718 

139  3 

1 

069 

09359 

Table  V. 
Benzyl  Benzoate,  25%;  Benzene,  75%  by  Weight. 


5 

461. 1 

1990 

198.2 

1308 

76.4 

1056 

0.9468 

15 

380.0 

1990 

198.0 

1 .076 

92.8 

1.068 

09363 

25 

320.6 

1990 

197  5 

0.9057 

no. 3 

1 .080 

0.9263 

40 

2570 

1990 

196.7 

0.7205 

138.8 

1 .098 

0.9106 

60 

3142 

1254 

123  9 

05578 

179- 3 

1. 123 

0.8904 

75 

2663 

1255 

123  4 

0.4702 

212.7 

1. 143 

0.8750 
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Table  VI. 
Molecular  and  Volume  Percentages  of  Mixtures. 


Temperature. 

25%  benzene. 

5 

0%. 

75%. 

Molecular. 

Volume. 

Molecular. 

Volume. 

Molecular. 

Volume 

5 

47  50 

2972 

73   IO 

5592 

8904 

7919 

15 

29.80 

5602 

79  29 

25 

2989 

56.12 

79  32 

40 

30.06 

56.31 

7945 

60 

30.27 

56.56 

79  62 

75 

30  47 

56.80 

79  78 

4rs 


The  tables  are  self-explanatory  except  that  the  manometer  pressure 
p ©  is  the  corrected  average  pressure  in  grams  per  square  centimeter  used 

in  producing  the  flow, 
whereas  P  is  the  pres- 
sure used  purely  in  over- 
coming viscous  resist- 
ance. The  viscosity1  is 
therefore,  17  -  CPt.  The 
specific  volumes  are  rep- 
resented by  v9  the  den- 
sities by  p. 

The  viscosities  are 
given  in  centipoises,'  *. 
e.t  absolute  c.  g.  s.  units 
X  io"f.  The  fluidities 
tp  of  benzene  are  prac- 
tically identical  with  the 
values  obtained  by 
Thorpe  and  Rodger1  ex- 
cept at  the  2  highest 
temperatures  where  our 
fluidities  are  about  1% 
higher;  thus  at  25 °  our 
value  is  166.2,  that  of 
Thorpe  and  Rodger  is 
166. i,  that  of  Kendall 
and  Monroe  is  165.4. 
For  benzyl  benzoate  our 
value  is  12.06  as  com- 

1  Bur.  Standards,  Bull. 
14,  No.  298,  70  (1917). 

*  Ibid.,  p.  72. 

T*rr>/>*'-*/»r*  »  Thorpe  and  Rodger, 

[Fig.  i. — The  specific  volume-temperature  curves  of   Phil.  Trans.  {London),  185A, 
mixtures  of  benzene  and  benzyl  benzoate.  521  (1894). 
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pared  with  1 1 .  83  found  by  Kendall  and  Monroe.  We  have  not  used  the 
same  mixtures  that  were  employed  by  Kendall  and  Monroe,  but  their  values 
plot  on  a  smooth  curve  with  ours,  a  fact  which  is  significant,  because  in 
using  a  volatile  component  like  benzene  there  is  need  for  care  in  manipula- 
ting the  mixtures  to  prevent  the  composition  of  the  mixture  changing 
subsequent  to  preparation.  It  is,  however,  regarded  as  impossible  that 
the  effects  with  which  we  are  here  concerned  can  be  due  to  this  cause;  and 
it  is  almost  certain  that  if  an  error  has  been  inadvertently  introduced  it 
would  not  be  proportionately  the  same  for  all  of  the  mixtures  and  for 
different  observers,  using  presumably  different  methods  of  manipulation. 

The  densities  p  were  determined  in  a  special  pycnometer  devised  by 
Bingham  and  Van  Klooster1  to  be  described  in  another  communication. 
The  densities  are  all  corrected  for  buoyancy  of  the  air  and  are  based  on 
water  at  4  °  as  standard.  The  densities  of  benzene  were  not  determined 
by  us,  the  values  giving  being  those  of  Kopp. 

Discussion. 
The  specific  volume-temperature,  the  fluidity-temperature,  and  fluidity- 
specific  volume  curves  are  given  in  Figs.  1,  2  and  3,  respectively.    The 
fluidity-temperature  curves,  Fig.  2,  are  approximately  linear  but,  never- 


320 
280 


/. 
iff* 

IF 

7 


Benzene  CP 

75%  Benzene 

50% 

25% 

Benzt//  Benzoafe  CP 


100 


40         50         60 
Temperature. 
Fig.  2. — The  fluidity-temperature  curves  of  mixtures  of  benzene  and  benzyl  benzoate. 
1  Bingham  and  Van  Klooster,  /.  Phys.  Chem.t  24,  6  (1920) 
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theless,  definitely  and  distinctly  sagged.  The  volume-temperature 
curves,  Fig.  i,  are  still  more  nearly  linear,  the  curve  for  benzoyl  benzoate 
not  departing  noticeably  from  a  straight  line.  The  law  of  Batschinski, 
which  says  that  the  fluidity  of  a  liquid  is  directly  proportional  to  its  free 
volume,1  is  fairly  well  substantiated  by  Curves  I,  II,  III,  IV  and  V  of 
Fig.  3,  representing  the  fluidities  of  a  given  liquid  over  the  range  of  tem- 
perature from  5°  to  750;  but  when  this  law  is  applied  to  the  various  mix- 
tures at  a  given  temperature  (Curves  VI,  VII,  VIII,  IX,  X,  and  XI) 
it  breaks  down  badly,  although  Batschinski  in  a  private  communication 
reports  that  the  law  holds  in  certain  cases  tried  by  him. 


320 
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W//WS>/<*™-  */  7S9C 
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-  ZS't 
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a 
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1  a 

\ 

*M 

1 

12U 
8O 

ff//V 
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SB^^r* 

40 
O 

0.80    0.85       0.90       0.95       1. 00        1.05       1. 10        1. 1 5       1.20       1.25       1.30 
Specific  Volume. 
Fig.  3. — The  fluidity-specific  volume  curves  of  mixtures  of  benzene  and  benzyl  ben- 
zoate at  different  .temperatures. 

The  specific  volume-volume  concentration  curves,  Fig.  4,  show  that 
contraction  in  volume  has  taken  place  on  mixing  at  every  temperature. 
Therefore,  we  are  justified  in  the  conclusion  that  combination  has  cer- 
tainly taken  place;  hence  the  fluidity- volume  concentration  curves  should 
deviate  from  a  straight  line  according  to  the  hypothesis  that  fluidities 
are  additive,  and  in  Fig.  5  this  is  observed  to  be  the  case.  The  sag  in 
the  specific  volume-volume  concentration  curves  is  least  at  the  lowest 
temperature,  and  it  would  seem  that  the  sag  in  the  fluidity-volume  con- 
1  This  Journal,  30,  1787  (191 7). 
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centration  curves  would  also  be  likely  to  be  least  at  the  lowest  tempera- 
ture, as  Fig.  5  shows  to  be  true. 

We  have  plotted  the  observed  and  calculated  curves  of  fluidity  against 
molecular  concentration.  Whereas  there  is  good  agreement  between  the 
two  at  250,  as  Kendall  and  Monroe  have  pointed  out,  there  is  no  such 
agreement  at  other  temperatures,  the  observed  values  being  too  high  at 
low  temperatures  and  too  low  at  high  temperatures,  the  deviation  of  the 
calculated  values  from  the  observed  in  the  50%  mixture  by  weight  being 
34%  at  250,  15.6%  at  5°»iand  —6.0%  at  60 °. 


40        50 
Concentration. 
Fig.  4. — The  specific  volume-volume  concentration  curves  of  mixtures  of  benzene 
and  benzyl  benzoate  for  different  temperatures.    The  sagging  of  the  curves  shows 
that  benzene  and  benzyl  benzoate  unite  with  contraction  in  volume,  solvation  proba- 
bly taking  place. 

If  benzene  and  benzyl  benzoate  form  an  ideal  pair  of  liquids,  as  Kendall 
and  Monroe  maintain,  and  the  cube  roots  of  viscosities  are  truly  additive, 
then  it  is  hard  to  explain  why  mixtures  demonstrate  it  at  one  tempera- 
ture only.  We,  therefore,  return  with  renewed  confidence  to  the  hypo- 
thesis that  fluidities  are  normally  additive.  When  fluidities  are  not  a 
linear  function  of  the  volume  concentration  we  may  safely  predict  that 
evidence  of  abnormality  may  also  be  found  in  the  other  physical  proper- 
ties. 
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The  assumption  that  the  fluidity-volume  concentration  curve  is  linear 
is  represented  by  Curve  I  in  Pig.  6.  The  assumption  that  the  logarithmic- 
molecular  concentration  curve  should  be  linear  is  represented  by  Curve 

II.  The  assumption  that  the  cube  roots  of  the  viscosities  should  be  a 
linear  function  of  the  molecular  composition  is  represented  by  Curve 

III.  There  are,  of  course,  an  indefinite  number  of  other  curves  depending 
upon  the  function  of  the  fluidity  which  is  arbitrarily  selected  and  al90  de- 
pendent upon  whether  we  choose  the  volume,  weight,  molecular,  or  some 


40        50        60        70       80        90        100 

Concentration 
Fig-  5- — The  fluidity- volume  concentration  curves  of  mixtures  of  benzene  and 
benzyl  benzoate.    According  to  the  hypothesis  that  fluidities  are  additive,  the  sagging 
of  these  curves  is  a  confirmation  of  the  solvation  which  was  indicated  by  the  sagging 
of  the  specific  volume-volume  concentration  curves,  Pig.  4. 

other  concentration  as  the  second  variable.     For  example,  the  viscosity- 
molecular  concentration  would  be  much  lower  than  any  of  those  shown. 

The  observed  fluidities  are  plotted  in  full  lines  instead  of  dashes,  Curves 
IV,  V  and  VI,  according  to  weight,  volume,  and  molecular  concentra- 
tions, respectively.  Curve  VI  lies  close  to  Curve  III,  for  this  particular 
pair  of  liquids  at  25  °,  but  this  fact  certainly  does  not  warrant  the  conclu- 
sion that  the  normal  fluidity-volume  concentration  curve  is  not  linear. 
A  study  of  the  nature  of  viscous  flow1  which  can  only  be  referred  to  here 
1  Bur.  Standards,  Bull.  13,  321  et  seq.  (19 16). 
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shoW3  that  we  must  employ  volume  concentrations.  On  the  other  hand, 
being  convinced  that  fluidities  and  volume  concentrations  are  related  to 
each  other  in  a  linear  manner,  the  divergence  between  Curves  I  and  V 
can  be  used  to  calculate  the  degree  of  solvation,  and  this  result  can  be 
compared  with  the  solvation  as  calculated  by  other  methods. 

In  this  particular  case,  one  must  be  cautious  in  interpreting  results 
due  to  the  fact  that  benzene  and  benzyl  benzoate  are  probably  both  asso- 
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Pig.  6. — A  few  of  the  indefinite  number  of  empirical  curves  are  shown  by  dashes, 
and  observed  fluidities,  as  plotted  against  weight,  volume,  and  molecular  concentra- 
tions* are  shown  by  full  lines.  To  base  any  fundamental  conclusion  upon  the  acci- 
dental proximity  of  two  of  these  curves,  would  be  manifestly  unwarranted,  unless  it 
was  supported  by  other  proof  of  a  very  strong  character. 

dated1  to  some  extent,  which  complicates  the  problem.  However,  we 
note  that  all  temperatures  the  greatest  deviation  of  the  fluidity-volume 
concentration  curve  from  the  linear  curve  is  in  a  mixture  which  contains 
about  58%  of  benzene  which  corresponds  to  a  molecular  compound  of 
the  formula  C6H6.CX>O.CH».C«Hl.3C^H6.  The  fact  that  the  maximum 
deviation  does  not  shift  at  the  different  temperatures  is  also  taken  as 
strong  evidence  of  the  correctness  of  the  hypothesis  that  fluidities  are 
1  Benzene  and  many  esters  are  associated  (Z.  physik.  Chem.,  66,  28  (1909)). 
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additive.    It  would  be  rather  embarassing  to  have  to  explain  a  pronounced 
shift  of  the  maximum  deviation. 

Summary. 

When  inert  liquids  are  mixed  it  is  assumed  that  the  fluidity  is  a  linear 
function  of  the  volume  composition.  It  had  been  reported  that  benzene 
and  benzyl  benzoate  are  inert  as  indicated  by  absence  of  contraction  or 
heat  evolution  on  mixing,  yet  at  25  °  their  fluidity-volume  concentration 
curve  is  not  linear,  and  the  cube  roots  of  the  viscosities  are  a  linear  func- 
tion of  the  molecular  concentrations. 

This  paper  proves  that  benzene  and  benzyl  benzoate  show  quite  per- 
ceptible concentration  on  mixing,  which  is  proof  of  aggregation  which  we 
would  expect  from  the  fluidity-volume  concentration  curve. 

Furthermore,  the  cube  root  equation  applies  at  only  the  one  tempera- 
ture used  in  the  earlier  work,  but  it  does  not  apply  at  either  higher  or 
lower  temperatures.  This  example  is,  therefore,  not  only  not  evidence 
against  the  fundamental  hypothesis  that  fluidities  are  additive,  but  it  is 
strong  evidence  in  its  favor. 

Easton,  Pa. 


[Contribution  from  thb  Chbmicai,  Laboratory  op  Nbw  Hampshire  Coixbgb.) 

A  DETERMINATION  OF  THE  ATOMIC  WEIGHT  OF  THULIUM. 

By  C.  Jambs  and  O.  J.  Stbwart. 

Received  August  6,  1920. 

The  material  used  in  this  work  was  obtained  and  purified  as  described 
under  Thulium.1  Owing  to  the  fact  that  the  fractions  were  very  small, 
several  of  them  were  united.  All  the  purest  material  was  combined  to 
form  oxalate  A,  while  B  and  C  were  two  other  sets  containing  small  amounts 
of  neoytterbium. 

These  oxalates  A,  B  and  C  were  converted  to  the  hydrated  chloride  in 
a  manner  identical  with  that  used  for  samarium.  Since  a  detailed  de- 
scription of  this  process  has  already  been  given  in  a  paper  from  this 
laboratory,2  it  need  not  be  repeated  here. 

Dehydration  of  the  hydrated  chloride  then  followed,  using  the  same 
method  that  was  employed  for  samarium.  The  fused  chloride  dissolved 
quickly  and  completely  in  pure  water. 

The  ratio,  TmCl*  :  3Ag,  was  then  calculated  from  results  obtained  from 
the  chloride  analyses  which  were  in  every  respect  similar  to  those  men- 
tioned for  samarium,  silver  and  other  reagents  of  equal  purity  being  used. 

Since  each  fraction  contained  only  enough  material  for  one  analysis, 
Fractions  A  and  B,  after  being  analyzed  once,  were  again  purified  as 
chloride  for  the  second  analysis. 
1  This  Journal,  33,  1332  (19"). 
l/Wtf.,  30,  2605  (1917). 
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The  determination  of  the  specific  gravity  of  anhydrous  thulium  chloride 
was  not  undertaken.  In  lieu  of  this  experimentally  determined  constant, 
the  approximate  density  figure  (3.000)  was  used  in  the  atomic  weight 
calculations.  This  figure  was  obtained  by  extending  the  curve  which 
results  from  plotting  density  against  atomic  weight  for  those  rare  earths 
for  which  these  constants  are  known.1  Since  a  change  in  density  of  o .  50 
causes  a  change  in  atomic  weight  of  only  o.oi,  this  correction  is  of  little 
significance  in  the  present  work. 

Table  I. — Analyses. 
Series  TmCl*:3Ag. 
Ag  -  107.880.  Cl]=  35457. 

TmCli  in         Ag  in  A?  ^F£  Corrected         Ratio 

No.  of  vacuum.       vacuum.  added.     Blwt.  of  Ag       TmCb.     At.  wt.  of 

analysis.  Fraction.  G.  G.  G.  <*A  in^vacuum.        3Ag  thulium. 

i A    2.17052  2.54519   0.00152  2.54671  0.85228  169.46 

2 A    4.01446  4.71437  — 0.00346  4.71091  0.85216  169.42 

Av.   0.85222  169.44 

3 B    2.03868  2.39185  — 0.00125  2.39060  0.85279  169.63 

4 B    1. 53851  180439  —0.00071  1.80368  0.85299  16969 

Av.  0.85289  169.66 

5 C    2.35242  2.76209  — -0.00636  2.75573  0.85365  169.90 

• 

The  results  obtained  from  the  purest  material  gave  an  average  atomic 
weight  of  169.44.  This  figure  is  a  little  higher  than  the  usually  accepted 
value,  168.5,  which  was  considered  by  Urbain2  to  be  the  maximum  after 
he  had  examined  some  fractions  obtained  during  the  separation  of  lutecium. 
The  amount  of  ytterbium  (neoytterbium)  required  to  raise  the  atomic 
weight  from  168.5  to  169.44  would  be  considerable.  It  would  seem  that 
the  material  used  by  the  writers  was  of  too  high  a  purity  for  such  a  con- 
sideration. 

Very  much  larger  amounts  of  thulium  oxide  are  being  collected  in  this 
laboratory,  and  it  is  hoped  that  before  long  a  much  more  decisive  result 
will  be  obtained. 

DUBHAM,   N.   H. 

1  Ann.  chim.  phys.,  20,  547  (1910);  ibid.,  21,  49  (191 1);  Compt.  rend.,  140,  1340 
(1905);  Chem.  News,  91,  280  (1905). 

1  Urbain,  Compt.  rend.,  145,  759  (1907). 
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THE  STABILITY  OF  THE  COBALTAMMINES. 

By  Arthur  B.  Lamb  and  Alfred  T.  Larson. 

Received  August  6,  1920. 

The  marked  tendency  of  the  cobaltic  ion  to  combine  with  ammonia  and 
similar  unsaturated  molecules  is  evidently  responsible  for  the  existence 
of  the  numerous,  variegated  and  frequently  very  stable  cobaltammines. 
It  appeared  to  us  of  interest  to  determine  the  actual  magnitude  of  this 
tendency  toward  complex  formation  and  to  examine  how  it  varies  among 
the  different  ammines. 

fy  A'jdirect  and  elegant  method  of  accomplishing  this  purpose,  since  we 
can  be  sure  that  the  concentration  of  the  simple  cobaltic  ions  is  minute 
under*any  experimental  conditions,  is  to  determine  the  ratio  of  the  cobaltic 
and  cobaltous  ion  concentrations  by  measurements  of  the  oxidation  po- 
tentials of  solutions  containing  known  concentrations  of  cobaltous  ions  and  of 
the  cobaltammines.  From  these  ratios  we  at  once  know  the  actual  cobaltic 
ion  concentrations,  and  these  in  turn  are  an  inverse  measure  of  the  stabili- 
ties, since  evidently  the  more  stable  the  complex  ion  the  less  the  equilib- 
rium concentration  of  the  cobaltic  ion  in  its  solutions. 

This  method  has  entailed  certain  subsidiary  determinations.  Thus, 
it  has  been  necessary  to  determine  the  cobaltous  ion  concentrations  in 
ammoniacal  solutions  of  cobalt  salts;  also  since  the  existing  data  on  the 
normal  oxidation  potential  of  the  cobakic-cobaltous  electrode  are  very 
meager,  additional  determinations  of  this  potential  in  solutions  containing 
known  concentrations  of  the  respective  ions  have  been  required. 

Attempts  were  first  made  to  measure  the  oxidation  potential  in  neutral 
and  slightly  acid  solutions  of  the  ammines,  but  definite  and  reproducible 
results  could  not  be  obtained  under  these  conditions.  Satisfactory  re- 
sults were,  however,  obtained  in  concentrated  ammoniacal  solutions,  the 
observed  potentials  varying  normally  with  changes  in  the  cobaltic-cobal- 
tous  ion  concentrations.  Nevertheless,  the  use  of  such  solutions  involved 
much  inconvenience  since  they  had  to  be  scrupulously  protected  from 
contact  with  the  air. 

Preparation  of  Ammines. 

The  6  ammines  studied  were  prepared  and  carefully  purified  by  the 
most  recent  methods  of  J6rgensen,1  and  were  in  general  used  promptly 
after  preparation.  These  precautions  as  to  purity  and  freshness  are 
necessary,  since  it  was  found  that  with  certain  ammines  small  amounts  of 
impurities  have  a  noticeable  effect  on  the  potential,  while  with  other 
ammines,  and  in  particular  the  aquo-tetrammine  chloride,  changes  occur 
on  standing  even  in  the  dry  state  which  produce  marked  effects  on  the 
potential. 

1  Jdrgensen,  Z.  anorg.  Chetn.,  17,  455  (1898). 


Digitized  by 


Google 


STABILITY  OF  THE  COBALTAMMINBS.  2025 

Certain  modifications  were  made  in  the  method  of  preparing  hexammine 
chloride  which  greatly  facilitated  its  preparation  in  large  amounts  and  in 
a  high  degree  of  purity.  Instead  of  digesting  small  quantities  of  chloro- 
pentammine  chloride  with  ammonia  in  glass  pressure  bottles,  a  large, 
loosely  covered  glass  jar,  placed  in  a  strong  autoclave,  was  used  as  a  con- 
tainer; also  the  slightly  soluble  chloro-pentammine  chloride  was  con- 
verted, by  warming  with  a  little  ammonia,  into  the  easily  soluble  aquo- 
pentammine  salt  before  putting  it  into  the  autoclave,  thus  obviating  any 
need  for  stirring  or  shaking,  and  securing  a  much  more  rapid  action. 

A  typical  procedure  was  as  follows.  50  g.  of  chloro-pentammine  cobalt  chloride 
was  added  to  300  cc.  of  water  and  warmed  on  a  steam-bath.  Small  quantities  of  coned, 
ammonium  hydroxide  were  added  from  time  to  time  and  the  heating  continued  until 
the  chloro-pentammine  had  been  transformed  into  the  aquo-pentammine  chloride. 
The  solution  was  then  filtered  to  remove  oxide,  and  while  still  hot  was  poured  into  the 
glass  jar  within  the  autoclave.  10  g.  of  ammonium  chloride  was  added  and  200  cc. 
of  concentrated  ammonia.  The  autoclave  was  then  closed  and  the  whole  heated  in  a 
water-bath  for  from  3  to  4  hours.  The  autoclave  was  then  allowed  to  cool  and  the  contents 
poured  into  an  evaporating  dish.  The  ammonia  was  at  once  neutralized  with  hydro- 
chloric add  to  prevent  a  reversion  of  the  hexammine  to  pentammine,1  and  was  heated 
on  the  water-bath  for  about  one  hour  to  convert  any  unchanged  aquo-pentammine 
into  the  difficultly  soluble  chloro-pentammine.  If  a  residue  separated  out  it  was  fil- 
tered off  and  solid  ammonium  chloride  was  added  to  precipitate  the  hexammine.  This 
was  filtered  off,  redissolved  and  a  saturated  solution  of  ammonium  oxalate  added  to 
complete  the  precipitation  of  the  hexammine  as  oxalate.  The  combined  precipitate 
was  filtered  and  redissolved  in  dil.  nitric  acid.  The  ammine  was  repredpitated  as 
oxalate,  filtered  and  redissolved  and  repredpitated  with  hydrochloric  add  as  chloride. 
This  gave  a  good  yield  of  very  pure  hexammine  cobaltic  chloride. 

Apparatus. 
The  ease  with  which  cobaltous  ammine  is  oxidized  to  the  cobaltic  state 
made  it  necessary  to  construct  a  cell  into  which  the  solutions  could  be 
introduced  and  their  potential  measured  out  of  contact  with  oxygen. 
The  apparatus  employed  for  this  purpose,  shown  diagrammatically  in 
Fig.  1,  consisted  essentially  of  the  Cell  A,  containing  the  oxidation-re- 
duction electrodes,  and  the  Cell  G,  containing  the  reference  electrode, 
electrically  connected  by  siphon  tubes  dipping  into  the  Beaker  F.  The 
two  cells  were  immersed  in  a  water  thermostat  regulating  at  25  °  =^0.05°. 
The  glass  Tube  B,  provided  at  its  lower  end  with  a  sealed-in  propeller 
blade  of  platinum,  served  as  a  stirrer,  rotating  in  the  brass  bearing  C, 
guided  by  a  glass  tube  in  the  Stopper  D.  It  was  filled  with  mercury,  and 
contact  was  established  by  a  wire  dipping  into  this  at  the  upper  end. 
The  Stopper  D  also  carried  2  additional  electrodes,  one  of  bright  and  the 
other  of  platinized  platinum.  The  siphon  Tube  E  was  filled  with  agar- 
agar  made  up  with  normal  potassium  chloride  solution.  Under  ordinary 
1  In  Jfirgensen's  method  the  hexammine  solution  is  allowed  to  stand  in  a  draft 
until  all  the  ammonia  is  volatilized.  We  find  that  considerable  reversion  to  pentammine 
chloride  occurs  under  these  conditions. 
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circumstances  this  type  of  junction  would  not  have  been  adopted,  for  it 
does  not  give  the  utmost  accuracy,  but  its  use  here  was  necessitated  by 
the  fact  that  the  entire  cobaltic-cobaltous  mixture  had  to  be  hermetically 
sealed  within  the  Cell  A;  moreover,  a  low  resistance  was  desirable. 


Fig.  i. — Apparatus. 

For  sweeping  out  the  cell  nitrogen  free  from  oxygen  was  prepared  by  pass- 
ing air,  or  better  still  commercial  nitrogen  from  cylinders,  over  copper  gauze 
(H),  washed  by  a  solution  containing  equal  parts  of  0.93  sp.  gr.  ammonium 
hydroxide  solution  and  saturated  commercial  ammonium  carbonate 
solution.  The  effluent  gas  was  freed  from  ammonia  by  passing  it  through 
a  spiral  wash-bottle  (T)  containing  sulfuric  acid,  and  an  indicator  to  show 
when  the  acid  was  spent.  The  flow  of  gas  was  regulated  by  means  of  a 
capillary  stopcock. 

The  solutions  of  ammonia  and  of  cobaltous  chloride  were  kept  in 
stoppered  bottles,  on  a  shelf  above  the  main  apparatus,  connected  by 
means  of  siphon  tubes  to  2  burets,  L  and  I/,  connected  to  the  3-way 
cock,  K,  by  means  of  which  either  solution  could  be  introduced  into  the 
Cell  A.  In  all  the  experiments,  the  results  of  which  are  given  below, 
the  same  stock  solutions  of  ammonium  hydroxide  and  cobaltous  chloride 
were  used. 

Effect  of  Stirring. 

We  early  noticed  that  stirring  had  a  marked  influence  on  the  potential 
of  the  platinum  electrodes.  Measurements  were,  therefore,  carried  out 
to  determine  the  magnitude  of  this  effect.  A  bright  platinum  and  a 
platinized-platinum  electrode  were  attached  to  the  same  shaft  and  rotated 
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at  different  rates  in  a  solution  one  day  old  of  hexammine  chloride  in  6.0  M 
ammonium  hydroxide  solution,  and  their  potential  against  a  M 
NaOH  I  HgO  I  Hg  electrode  observed.  The  cell  had  previously  been  care- 
fully swept  out  with  a  current  of  oxygen-free  nitrogen,  which  was,  how- 
ever, discontinued  during  the  observation.  The  results  are  collected 
in  the  following  table.  The  observed  potentials  are  given  in  Cols.  2 
and  4.  There  is,  evidently,  a  steady  trend  of  both  electrodes  towards  a 
more  negative  potential  independent  of  stirring,  the  bright  electrode 
changing  more  rapidly  than  the  platinized  one  and  thus  becoming  more 
nearly  identical  with  it.  These  slow  changes  are  observed  in  all  of  the 
ammoniacal  cobaltammine  solutions  which  we  have  studied,  but  pro- 
longed measurements  have  shown  that  ultimately  the  electrodes  do  be- 
come identical.  The  observed  potentials  at  different  rates  of  stirring  have 
been  corrected  for  this  slow  change  and  the  average  corrected  results  for 
each  rate  of  stirring  are  given  in  Cols.  5  and  6.  In  Cols.  7  and  8  are 
given  the  total  changes  in  potential,  expressed  in  millivolts,  produced  by 
the  stirring. 

Tablb  I. 
Effect  of  Stirring. 
0.0010  M  C0CI2. 
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It  can  be  seen  that  both  electrodes  are  very  considerably  affected  by 
the  stirring,  the  platinized  being  about  50  and  the  bright  electrode  about 
20  mv.  more  positive  when  afrest  than  when  rotated  at  the  rate  of  750 
revolutions  per  minute.  Stirring,  therefore,  tends  to  make  the  electrodes 
change  in  the  direction  opposite  to  that  toward  which  they  are  slowly 
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changing  while  at  rest  or  standing,  and  this  effect  is  more  pronounced  on 
the  platinized  than  on  the  bright  platinum. 

These  effects  can  be  in  part  explained  if  we  assume  that  the  slow  change 
which  the  solutions  evidently  undergo  even  on  standing  is  catalyzed  by  the 
electrodes,  and  also  that  as  would  be  expected,  this  effect  is  greater  on  the 
platinized  than  on  the  bright  platinum.  The  electrodes  would  then  register 
a  potential  corresponding  to  a  solution  more  nearly  converted  to  the 
equilibrium  condition  than  is  the  bulk  of  the  solution,  the  platinized 
electrode  registering  a  more  altered  potential  than  the  bright  electrode. 
Stirring  will,  of  course,  tend  to  render  the  electrolyte  in  contact  with  the 
electrodes  more  nearly  identical  with  the  bulk  of  the  solution,  and  would, 
therefore,  cause  both  electrodes  to  become  less  negative;  the  bright  elec- 
trode, being  nearest  to  the  potential  characteristic  of  the  whole  solution, 
of  course,  exhibiting  the  lesser  change. 

In  order  to  estimate  what  the  potential  of  the  electrodes  would  be  at 
very  high  rates  of  stirring  and  so  to  infer  what  the  potential  of  the  solu- 
tion would  be  in  the  absence  of  the  catalytic  influence  of  the  electrode, 
the  total  changes  in  potential  produced  by  different  rates  of  stirring 
(Cols.  7  and  8)  were  plotted  against  revolutions  per  minute.  Curves 
were  obtained  which  were  evidently  approaching  a  limit  asymptotically, 
that  for  the  bright  electrode  being  approximately  22  mv.,  and  that  for, 
the  platinized  electrode  about  66  mv. 

This  explanation  is  not,  however,  wholly  satisfactory,  for  these  differences 
do  not  by  any  means  account  for  the  whole  discrepancy  between  the 
potentials  of  the  platinized  and  the  bright  electrodes. 

By  taking  the  slope  of  these  curves  at  different  rates  of  stirring  an 
estimate  can  be  made  of  the  effect  upon  the  potential  of  variations  in  the 
number  of  revolutions  per  minute.  The  results  of  this  estimation  are 
given  in  Cols.  9  and  10.  The  absolute  change  is  very  small  for  high 
rates  of  stirring,  but  for  the  same  percentage  variation  in  the  rate  of 
stirring  there  is  very  little  to  choose  between  the  different  rates.  At 
400  revolutions  per  minute  a  variation  of  5%  in  the  rate  of  stirring  would 
cause  an  uncertainty  of  one  mv.  on  the  platinized  platinum  and  0.4 
mv.  on  the  bright  platinum  electrode.  This  degree  of  regularity  could 
easily  be  obtained. 

Since  it  was  in  general  desirable  to  have  the  electrodes  record  as  nearly 
as  possible  the  characteristic  potential  of  the  solution  as  a  whole,  400 
revolutions  per  minute  was  selected  as  the  rate  of  stirring  for  the  actual 
measurement,  as  this  was  the  highest  speed  which  could  be  maintained 
with  satisfactory  constancy  by  our  apparatus. 

Execution  of  the  Measurements. 

In  general  all  experiments  were  conducted  as  follows.  A  weighed 
quantity  of  the  solid  cobaltic  ammine  was  placed  in  A,  a  measured  volume 
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of  oobaltous  chloride  solution  was  then  added  by  proper  manipulation 
of  the  cock  K.  The  3-way  cock  H  was  set  so  that  the  main  body  of  the 
cell  A  communicated  with  the  mercury  trap  N.  The  cock  I  was  placed 
in  a  vertical  position,  the  cobaltous  chloride  solution  running  through  it 
and  into  the  cell  body  A.  Nitrogen  was  then  admitted,  the  gas  pressure 
forcing  the  liquid  over  into  the  cell  body,  and  was  bubbled  through  the 
solution  for  at  least  6  hours  to  remove  oxygen.  The  ammonia  water 
was  then  introduced  through  cock  K,  and  forced  into  the  main  body 
of  the  cell  by  means  of  the  gas  pressure,  first  precipitating  cobaltous 
hydroxide  which  redissolved  in  the  excess.  As  soon  as  solution  was  com- 
plete the  potential  measurements  were  made,  the  first  setting  of  the 
potentiometer  being  made  with  a  Lippmann  electrometer  and  the  final 
adjustment  by  means  of  a  galvanometer. 

As  a  rule  the  cell  as  described  above  was  set  up  late  in  the  afternoon, 
and  oxygen-free  air  passed  through  the  apparatus  until  the  following 
morning.  The  required  amount  of  ammonia  was  then  introduced  and 
potential  measurements  were  made  as  soon  as  the  cobaltous  hydroxide 
had  dissolved.  Except  in  duplicate  experiments  on  the  same  ammine  a 
freshly  prepared  agar-agar  salt  bridge  was  made. 

The  Measurements.    Their  Concordance  and  Reproducibility. 

Measurements  were  always  made  on  all  3  electrodes,  rotating  platinized, 

stationary  platinized  and  stationary  bright  platinum.    The  platinized 

electrodes,  except  in  the  case  of  the  aquo-pentammine  chloride,  always 

agreed  within  10  minutes  to  less  than  2  or  3  millivolts.    The  bright 
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Fig.  2. — Comparison  of  different  electrodes. 

electrode  at  the  start  frequently  differed  from  the  other  2  by  many  milli- 
volts, but  all  3  electrodes  came  to  within  a  few  tenths  of  a  millivolt  of  the 
same  potential  after  about  3  hours.  To  illustrate  this,  the  observations 
made  on  the  3  electrodes  in  aquo-pentammine  chloride  solution,  where 
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they  differed  more  than  in  any  other  case,  are  given  in  Table  II  and  are 
shown  in  Fig.  2. 

Duplicate  runs  were  made  on  separate  solutions  of  each  ammine. 
Except  for  a  few  of  the  earlier  runs,  where  the  purification  was  found  to 
be  inadequate  and  which  were,  therefore,  discarded,  the  agreement  was 
excellent,  the  differences  never  exceeding  2  or  3  millivolts.  To  show  this 
concordance  the  duplicate  runs  made  on  diaquo-pentammine  chloride 
solution  are  shown  graphically  in  Fig  3. 

The  measurements  made  on  all  the  ammines  are  collected  in  Tables 
III  and  IV  and  in  Figs.  4  and  5,  but  in  each  case,  to  save  space,  only  the 
measurements  made  on  the  stationary  platinized  electrode  and  in  one  of 
the  2  duplicate  runs  are  given.1 

Tablb  II. 

Comparison  of  the  Three  Electrodes, 

Change  of  the  Oxidation  Potential  of  Aquo-pentammine  Cobaltic  Chloride  with  the 
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O 

26 

— O.O44O 

— O 

0392 

— 0.0234 

O 

40 

— O . 0466 

— O 

0426 

— O.0370 

O 

55 

— O.0478 

— O 

0442 

^-0.0428 

I 

09 

— O.0482 

— O 

0450 

— O .  O462 

I 

42 

—O.0478 

— O 

0452 

— O.0486 

2 

20 

— O.0464 

— O 

0442 

— O.0480 

4 

25 

— O.O420 

— O 

0408 

— O.0428 

5 

52 

— O.0402 

— O 

0396 

— O.0406 

8 

31 

— -O.0372 

—O 

0376 

— O.0380 

9 

49 

— O.0366 

— O 

0358 

— O.0372 

14 

33 

— O.0328 

— O 

O320 

— O.0330 

23 

37 

— O.0270 

— O 

0264 

— O.0272 

25 

04 

— O . 0264 

— O 

0260 

— O.0262 

The  reproducibility  and  reality  of  the  oxidation  potentials  is  further 
shown  by  a  series  of  experiments  made  with  hexammine  cobaltic  chloride, 
in  which  the  order  of  mixing  the  solutions  was  varied.  Our  regular 
procedure  in  this  particular,  as  outlined  above,  was  to  mix  the  cobaltic 
ammine  with  a  cobaltous  salt  solution  in  the  cell,  sweep  this  out  thoroughly 
with  oxygen-free  nitrogen  and  finally  add  to  it  ammonium  hydroxide 
solution. 

We  modified  this  procedure  in  2  directions  in  2  separate  experiments. 
In  one  an  aqueous  solution  of  the  hexammine  was  prepared  in  the  cell, 
swept  free  from  oxygen,  its  potential  observed,  and  finally  an  ammoniacal 

1  All  the  measurements  are  given  in  full  in  a  dissertation  entitled,  "Cobalt  Ammine 
Potentials,"  by  A.  T.  Larson,  Harvard  University,  Cambridge,  191 7. 
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Fig.  3. — Agreement  of  duplicate  runs. 

solution  of  cobaltous  chloride  was  added.  In  the  other,  an  ammoniacal 
solution  of  the  cobaltous  chloride  was  prepared  in  the  cell,  its  potential 
was  observed  and  the  hexammine  solution  was  finally  added  to  it*    The 
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Fig.  4. — Oxidation  potentials  of  hexammine,  aquo-pentammine  and 
diaquo-tetrammine  chlorides. 
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Tablb  III. 
Oxidation  Potentials. 
3.256  M  NH4OH.  0.077  M  Cobaltic  Ammine.  0.019  M  CoClj. 

Hexammine.  Aquo-pentammine.  Diaquo-tertrammine. 

Cobalt  chloride.  Cobalt  chloride.  Cobalt  chloride. 


Time, 
hours :  min. 

Pt.  black. 
Volt. 

Til 
hours 

ne, 
min. 

Pt.  black. 
Volt. 

Time, 
hours :  min. 

Pt.  black. 
Volt. 

0  : 

06 

— O.OO60 

O 

08 

—00358 

O 

05 

— O.0320 

0  : 

14 

— O.OO70 

O 

14 

— O.0390 

O 

20 

— O.0362 

0  : 

32 

— -O.OO84 

O 

26 

— O.0440 

O 

40 

— O.0378 

1  : 

09 

— O..OIOO 

O 

40 

— O.0466 

I 

50 

— O.0378 

2  : 

18 

— O.OIO4 

O 

55 

— O.0478 

2 

15 

— O.0380 

3  : 

07 

— O.OII4 

I 

09 

— O.0482 

3 

25 

— O.0370 

4  : 

22 

— O.OI18 

I 

42 

— O.0478 

13 

55 

— O.0284 

5  : 

37 

— O.OI20 

2 

20 

— -O.0464 

17 

25 

— O.0266 

7  : 

19 

— O.OI20 

4 

25 

— O.0420 

26 

25 

— O.0228 

8  : 

32 

— O.OI20 

5 

52 

— O.0402 

37 

55 

— O.0214 

11  : 

22 

— O.OI20 

8 

35 

— O.0372 

50 

20 

— O.O200 

22  : 

52 

— O.OII4 

9 

49 

— O.0366 

62 

00 

— O.O196 

24  : 

22 

— O.OII4 

14 

33 

— O.0328 

74 

40 

— O.O180 

27  : 

32 

— -O.OII2 

23 

37 

— O.0270 

85 

50 

— O.OI76 

30  : 

07 

O.OII2 

25 

04 

— O.0264 

100  . 

20 

— O.O166 

36: 

44 

O.OI02 

34 

17 

— O.0232 

114 

55 

— 0.0156 

46: 

12 

0.0088 

39 

07 

— O.0208 

135 

20 

— O.OI56 

47  : 

52 

O.OO94 

51 

37 

— O.0176 

158  : 

00 

— O.OI46 

49  : 

08 

0.0092 

61 

07 

— 0.0126 

182 

00 

— O.OI24 

72  : 

22 

O.OO88 

72 

22 

— O.OO48 

78: 

22 

O.OO86 

84 

45 

+O.OO08 

99  : 

22 

0.0082 

99 
122 
144 

07 
42 
47 

4-0.0050 
+O.O082 
+O.0096 

Table  IV. 

Ox 

idation  Potentials. 

3- 

256  M  NH4OH 

0.015 

M  Cobaltic  Ammine. 

0.019 

M  Cod,. 

Nil 
C 

tro-pentammine. 
obalt  chloride. 

me,             Pt.  black. 
1 :  min.            Volt. 

1-6  D 

nitro-tetrammine. 
Cobalt  chloride. 

1-2  Dinitro- 
Cobalt 

Time, 
hours :  min. 

tertrammine. 
chloride. 

hour 

Tir 
hours 

ne, 
min. 

Pt.  black. 
Volt. 

Pt  black. 
VoK. 

O 

:  05 

— 0.0450 

O 

08 

—0.0734 

0  : 

10 

— 0.028 

O 

:  15 

—0 

0480 

O 

23 

—O.0728 

0  : 

18 

—0.0272 

O 

:  25 

— 0 

0482 

O  . 

38 

— O.0716 

0  : 

30 

— 0.0272 

O 

:  35 

— 0 

0484 

I 

08 

— O.0700 

1  : 

20 

—0.0266 

O 

:  53 

— 0 

0482 

2 

23 

— O.0666 

2  • 

50 

—0.0278 

I 

:  10 

— 0 

0479 

2 

38 

— O.0640 

4 

30 

— 0.0290 

I 

:  35 

— 0 

0478 

4 

38 

— O.0604 

12 

40 

— 0.0346 

2 

:  30 

— 0 

0476 

14 

38 

— O.0484 

17  : 

35 

— 0.0368 

12 

:  35 

— 0 

0448 

16 

38 

—O.0470 

21 

00 

— 0.0378 

16 

:  30 

— 0 

0444 

21 

53 

— O.0456 

26 

45 

— 0.0398 

19 

:  05 

— 0 

0446 

28 

08 

— O.0438 

36 

40 

— 0.0416 

23 

:  05 

— 0 

0446 

39 

23 

— O.0420 

40 

40 

— 0.0420 

42 

58 

— O.0418 

46 

45 

— 0.0436 

52 

53 

— O.0418 

64 

33 

— O.0418 
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final  solutions  had  the  same  composition  in  all  3  experiments,  but  in 
each  of  them  the  electrodes  were  exposed  to  different  solutions  previous 
to  the  final  mixing. 

Before  adding  the  third  ingredient,  the  cobaltous  ammine  solution 
showed  a  constant  potential  of  — 0.2436  =±=0.0004  volt;  the  ammoniacal 
hexammine  solution  showed  a  potential  rising  in  4  hours  from  +0.0634 
to  +0.0766,  while  solutions  of  hexammine  and  cobalt  chloride  showed  a 
potential  varying  by  several  millivolts  around  +0.340;  that  is,  in  the 
different  solutions  before  mixing,  the  electrodes  showed  potentials  differing 
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Hours  — > 
Pig.  5. — Oxidation  potentials  of  nitro-pentammine,  1,6-dinitro-  and 
1,2-dinitro-tetrammine  chloride. 

by  over  half  a  volt.  Within  a  few  minutes  after  mixing  the  potentials 
all  became  identical  to  2  or  3  mv.  This  marked  concordance  of  the 
potentials,  irrespective  of  the  previous  history  of  the  electrodes  and  the 
order  of  mixing,  is  strong  evidence  for  the  conclusion  that  the  final  potential 
is  indeed  an  equilibrium  one.  These  results  are  shown  graphically  in 
Fig.  6. 

The  Change  of  the  Potential  with  the  Time. 

It  is  evident  from  the  tabulated  results,  and  even  more  patently  from 
the  carves  (Figs.  2,  4  and  5)  that  the  potentials  of  all  the  ammines  change 
with  the  time.  Those  of  the  hexammine  and  the  nitro-pentammine 
change  but  slowly,  while  those  of  others,  particularly  of  the  aquo-pentam- 
mine,  change  quite  rapidly. 

The  most  striking  feature  in  connection  with  this  phenomenon  is  that 
after  some  weeks  at  this  temperature  the  hexa-,  aquo-  and  diaquo-ammines 
apparently  reach  the  same  potential  (about  +0.007).  This  is  shown 
particularly  by  Fig.  4.  The  potentials  of  the  2  isomeric  dinitro-tetram- 
mines  (Fig.  5)  become  identical  within  about  30  hours,  as  might  have  been 
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expected,  the  equilibrium  potential  lying  a  little  toward  the  side  of  the 
1-2  modification,  in  spite  of  the  fact  that  the  1-6  modification  is  supposed 
to  be  the  more  stable.  This  equilibrium  potential  (0.042)  is  very  nearly 
the  same  as  that  of  the  other  ammines  when  a  correction  for  the  difference 


in  concentration  is  applied,  (log 


0.077 
0.015 


X  0.259)  =  +0.042.     The  potential 


of  the  nitro-pentammine  chloride  changes  very  slightly  with  the  time,  and 
its  final  equilibrium  value  is  not  very  different  from  that  of  the  other 
ammines  when  a  correction  for  difference  in  concentration  is  made. 
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Fig.  6. — Effect  of  different  orders  of  mixing  on  the  hexammine  potential. 

These  observations  indicate  that  the  hexa-,  aquo-  and  diaquo-ammine 
chlorides  all  react  with  ammonia  or  water,  as  the  case  may  be,  to  form  the 
same  equilibrium  mixture  of  ammines  in  which  all  are  present,  the  hexam- 
mine strongly  predominating  at  this  concentration  of  ammonia.  The 
isomeric  dinitro-tetrammines  also   each  react  to  form  another  identical 
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mixture  with  the  1-2  variety  predominating.  From  this  point  of  view  the 
hexammine,  the  nitro-pentammine  and  the  1,2-dinitro-tetrammine  are 
the  most  stable  of  these  ammines,  since  they  undergo  the  least  change. 

Another  striking  characteristic  of  the  change  of  the  potential  of  these 
ammines  with  the  time  is  that  each  curve  shows  a  more  or  less  pronounced 
maximum  (or  minimum)  within  3  to  4  hours  after  the  start,  sloping 
gradually  from  that  point  to  its  final  equilibrium  value;  in  other  words, 
there  is  a  short  initial  portion  of  each  curve  in  which  the  potential  is  in- 
variably changing  away  from  its  final  equilibrium  value.  The  curve  is, 
therefore,  the  result  of  at  least  2  superposed  reactions,  an  initial,  fairly 
rapid  one,  and  a  later  slow  change  which  results  in  the  formation  of  an 

equilibrium  mixture  containing  all  the  possible  ammines. 

« 

At  first  glance  it  would  appear  as  though  these  initial  portions  of  the 
curves  merely  represented  the  slow  charging  of  the  electrodes,  but  from 
independent  observations  we  know  that  all  these  ammines  when  mixed 
with  cobaltous  chloride  in  faintly  acid  solution  give  strongly  positive 
potentials  (+0.8  to  +1.1  v.).  The  direction  of  the  initial  portion  of  the 
curves  ought  then  always  to  be  same,  while  inspection  shows  that  the 
direction  is  upward  for  the  hexa-  and  nitro-pentammine  chloride  and 
downward  for  the  other  ammines.  This  shows,  then,  that  the  initial 
change  is  not  connected  with  the  original  condition  of  the  electrode. 

This  phenomenon  can  perhaps  be  explained  on  the  basis  of  the  con- 
clusions drawn  from  the  experiments  on  the  effect  of  stirring.  Assuming 
as  we  did  then  that  the  electrical  adjustment  is  rapid  on  the  electrode  and 
that  the  chemical  rearrangement  of  the  ammines  also  takes  place  more 
rapidly  there  than  in  the  body  of  the  solution,  the  electrode  would  evi- 
dently assume  almost  immediately  a  potential  identical,  or  nearly  identical,* 
with  that  of  the  equilibrium  mixture.  Diffusion  would  then  occur  and 
the  potential  would  tend  to  approach  a  value  more  characteristic  of  the 
solution  as  a  whole;  that  is,  the  potential  would  move  away  from  its 
equilibrium  value. 

It  is  not  clear,  however,  from  this  explanation  why  it  takes  so  long 
(3  to  4  hours)  for  the  diffusion  to  attain  its  full  effect.  It  is  possible  that 
the  surface  of  the  electrode  slowly  loses  its  catalytic  effect  on  this  reaction, 
so  that  after  a  few  hours  the  potential  recorded  is  substantially  that  of  the 
solution.    This  is,  however,  so  far  as  we  know,  a  strictly  ad  hoc  assumption. 

Another  and  perhaps  more  reasonable  explanation  would  be  that  the 
initial  portions  of  the  curves  represent  the  quite  rapid  formation  of  a 
relatively  unstable  substance  which  in  turn  reacts  to  form  a  stable  mixture 
of  ammines.  The  initial  portions  of  the  curves  then  extrapolated  to  zero 
time  would  give  the  potentials  of  the  unchanged  ammines;  the  main 
portions  of  the  curves  extrapolated  to  zero  time  and  neglecting  the  initial 
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portions  of  the  curves  would  give  the  potentials  of  the  unstable  products 
first  formed  from  the  original  ammines. 

On  either  of  the  above  explanations  the  extrapolation  of  the  main 
portions  of  the  curves  back  to  zero  time  should  give  the  more  significant 
results.  On  the  basis  of  the  diffusion  explanation  the  resulting  potential 
would  be  that  of  the  solution  of  the  unchanged  ammine.  On  the  basis 
of  the  second  explanation,  where  the  primary  formation  of  an  unstable 
ammine  is  assumed,  the  extrapolated  value  would  represent  a  potential 
characteristic  of  a  solution  of  this  primary  product.  It  is  this  method  of 
extrapolation  which  we  have  adopted,  and  the  characteristic  potential 
of  the  various  ammines  are  collected  in  Table  VI. 

Tabu*  VI. 

Obi.  extra-  Liquid  •    Single 

polated.  junction  Coir.  oxkWtkm 

B.  M.  P.  potential.  E.  M.  P.        potential. 

Ammine  solution.                                          Volt  Volt.  Volt.              Volt. 

0.077  Af  Hexammine  cobalt ic  chloride +0.0124  — 0.0013  +0.0137     +0.1558 

0.077  M  AqtKKpentammine  cobaltic  chlo- 
ride   — 0.0550  — 0.0013  — 0.0537    — 0.0S84 

0.077  Af  Diaquo-pentammine  cobaltic  chlo- 
ride  — 0.0400  — 0.0013  — 0.0387        0.1034 

0.015  M  Nttro-pentammine  cobaltic  chlo- 
ride   — 0.0488  +0.0004  — 0.0492        0.0939 

0.015  M  1,6-Dinitro-tetrammine  cobaltic 

chloride — 0.0286  +0.0009  — 0.0265        0.1156 

0.015  M  1,2-Dinttro-tetrammine  cobaltic 

chloride — 0.0738  +0.0009  —0.0747        0.0674 

Single  Potentials. 
In  order  to  compute  the  single  oxidation  potentials  of  the  cobaltic 
ammines  from  the  extrapolated  values  for  the  above  cells, 

I  Cobaltic  ammine  ] 

Cobaltous  ammine  1  Sol.  |  Pt. 

Ammonium  hydroxide    J 
it  is  necessary  to  know  the  potential  of  the  mercuric  oxide  electrode, 
and  the  liquid  junction  potentials  between  the  sodium  hydroxide  and  the 
potassium  chloride  on  the  one  hand,  and  the  potassium  chloride  and  the 
ammine  solutions  on  the  other. 

The  first  2  of  these  data  were  obtained  by  a  direct  measurement  of  the 
cell:  / 

Hg  J  HgO  \M  NaOH \M  KC1 1  HgCl |  Hg 
which  gave  definite  and  concordant  values,  averaging  0.1429  volt  at 
25 °  (the  mercuric  oxide  electrode  being  negative).  It  follows,  since  the 
potential  of  the  normal  calomel  electrode  is  +0.2850  with  respect  to  the 
normal  hydrogen  electrode,  that  the  potential  of  the  normal  mercuric 
oxide  electrode  inclusive  of  the  NaOH  |  KC1  potential  is  +0.1421  on  this 
same  basis. 
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The  liquid  junction  potentials  between  the  potassium  chloride  and  the 
ammine  solutions  were  computed  by,  means  of  the  Henderson1  formula. 
In  these  computations  the  mobilities  of  the  tri-,  di-  and  monovalent 
complex  ions  were  obtained^  from  the  measurements  of  Harkins2  on  hexa-, 
nitro-penta-,  and  dinitro-tetrammine  cobaltic  chloride.  We  applied  the 
Storch-Bancroft  equation  to  these  measurements  and  obtained  a  satis- 
factory concordance  using  the  following  constants. 

Tablb  V. 
*.  K.  A. 

Hexammine 1.5  0.00120  181. 8 

Pentammine fi.6  0.00084  140.0 

Tetrammine 1.5  0.00087  110.4 

The  mobility  of  75.5  Vohm  given  by  Johnston3  for  the  chloride  ion  was 
adopted. 

The  degrees  of  ionization  were  computed  on  the  assumptions  (a)  that  the 
divalent  cobaltous  ammine  ions  have  the  same  equivalent  mobility  as  the 
ciivalent  cobaltic  ammine  ions  (nitro-pentammine);  (6)  that  the  ioniza- 
tion of  each  salt  in  a  mixture  is  equal  to  that  which  it  has  when  present 
alone  in  a  solution  of  the  same  total  equivalent  ion  concentration.4 

In  this  way  the  ionization  of  the  0.019  M  cobaltous  ammine  was  found 
to  be  57%  in  the  presence  of  the  0.077  M  hexammine,  aquo-pentammine 
and  diaquo-tetrammine  cobaltic  chloride;  72%  in  the  presence  of  0.015  M 
nitro-pentammine,  and  75%  in  the  presence  of  0.015  M  dinitro-tetram- 
mine chloride.  Similarly,  the  ionizations  in  these  solutions  of  the  hexam- 
mine, aquo-pentammine  and  diaquo-tetrammine  were  found  to  be  48%, 
that  of  the  nitro-pentammine  72%  and  that  of  the  dinitro-tetrammine 
83%  in  the  presence  of  the  cobaltic  ammine. 

The  liquid  junction  potentials  computed  from  these  values  are  given  in 
Col.  3  of  Table  VI;  the  sign  of  the  potentials  is  that  of  the  ammine 
solution. 

In  order  to  express  the  single  oxidation  potentials  of  these  ammines 
on  the  basis  of  the  normal  hydrogen  electrode  at  o°,  it  is  necessary  only  to 
subtract  the  above  liquid  junction  potentials  from  the  observed  extra- 
polated e.  m.  f.  of  the  above  cells.  The  results  thus  obtained  are  given 
in  the  last  column  of  Table  VI. 

In  order  to  compute  the.  concentration  of  the  cobaltic  ion  in  these  solu- 
tions it  remains  to  determine  the  concentration  of  the  cobaltous  ions  in  the 
same  solutions  and  to  ascertain  the  normal  oxidation  potential  of  the 
cobaltic-cobaltous  electrode. 

1  Henderson,  Z.  physik.  Chem.,  59,  118  (1907);  63,  325  (1908). 

*  Harkins,  This  Journal,  38,  2656  (1916). 

»  Johnston,  ibid.,  31,  1010  (1909). 

4  See  Bray  and  Hunt,  ibid.,  33,  794  (191 1). 
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Concentration  of  Cobaltous  Ion  in  the  Cobaltammine  Solution. 
The  Cobalt-Cobaltous  Electrode. 

(a)  In  Cobalt  Chloride  Solution. — The  method  employed  to  determine 
the  cobaltous  ion  concentration  was  to  measure  the  potential  of  a  metallic 
cobalt  electrode,  first,  in  a  cobaltous  chloride  solution  of  known  ion  con- 
centration and  then  in  cobaltous  ammine  solutions  whose  cobaltous  ion 
concentrations  were  desired. 

The  cobalt-cobaltous  potential  has  been  studied  by  Neuman,1  Labend- 
zinski,* Cofetti  and  Foerster,*  and  particularly  by  Schildbach.4 

To  compare  the  results  of  these  investigators  we  have  computed  them 
to  equivalent  normal  cobaltous  chloride  at  25  °,  taking  the  normal  hydrogen 
electrode  as  zero.  The  liquid  junction  potential  between  normal  cobaltous 
chloride  and  normal  potassium  chloride  has  been  computed  as  above  and 
found  to  be  0.002  volts.  The  resulting  cobaltous  potentials  are  as  fol- 
lows. 

VolU. 

Neuman,  cobalt  plated  on  platinum — o. 262 

Labendzinski,  cobalt  plated  on  platinum — 0.307 

Schildbach,  finely  divided  cobalt — o. 292 

Schildbach,  cobalt  plated  on  platinum ( — o. 268) 

Unfortunately  Schildbach  did  not  measure  the  potential  of  electrolytic 
cobalt  in  cobalt  chloride,  but  in  cobalt  sulfate  he  found  that  it  gave  a 
potential  24  millivolts  less  negative  than  that  of  finely  divided  cobalt. 
Applying  this  correction  to  his  result  for  finely  divided  cobalt  in  cobaltous 
chloride,  the  value  given  in  brackets  is  obtained.  This  brings  his  value 
in  close  accord  with  that  of  Neuman.  Schildbach  also  observed  that 
cobalt  which  had  been  cathodically  polarized  for  sometime  gave  at  first  a 
decidedly  more  negative  potential  than  the  above  equilibrium  value,  but 
on  prolonged  standing  readjustment  to  this  value  occurred.  This 
perhaps  explains  the  relatively  high  negative  potential  obtained  by 
Labendzinski. 

We  prepared  a  number  of  cobalt  electrodes  by  electroplating  from  solu- 
tions of  cobalt  chloride  in  water*  in  boric  acid  solutions  and  in  ammoniacal 
solutions,  on  platinum  and  on  carbon.  These  electrodes,  measured  in 
cobalt  chloride  solutions  of  different  concentrations  at  25  °  and  against 
a  normal  calomel  electrode,  gave  potentials  constant  to  within  a  millivolt 
over  many  hours,  and  even  days,  although  the  electrodes  usually  exhibited 
individual  variations.  These  measurements,  made  over  a  period  of  nearly 
2  years,  are  summarized  in  the  following  table. 

1  Neuman,  Z.  physik.  Chem.,  24,  215  (1894). 

*  Labendzinski,  Z.  Elektrochem.,  10,  77  (1904). 

•  Cofetti  and  Foerster,  Ber.,  38,  2936  (1905). 
4  Schildbach,  Z.  Eledrochem.,  16,  067  (1910). 
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Tabu*  VII. 

Potential  Measurement  on  Cell: 

CoJCoClt  Sol.  I  M  KC1  I  HgCl  |  Hg. 

E.  M.  F.  of  cell.  a.j. 

, * >  wCo-Co/" 

Co  Plated.  Cone.  Corrected     Corrected 

Electrode  , • .        CoClj.   Dissoc.  Eq.  N.       Ht/elect 

No.  Prom.  On.  M.  %.        Obs.       CoClj.  -  0. 

i CoClj  Platinum  0.01  83.6  0.583  0.539  0.257 

2 CoClj  Platinum  0.01  83.6  0.588  0.544  0.262 

3 CoClt  Platinum  0.01  83.6  0.579  0.535  0.253 

4 C0CI1  Platinum  0.01  83.6  0.578  0.534  0.252 

3 CoCls  Platinum  0.02  78.6  0.570  0.534  0.252 

4 CoCU  Platinum  0.02  78.6  0.570  0.534  0.252 

3 CoCls  Platinum  0.05  70.8  0.556  0.530  0.248 

4 CoCls  Platinum  0.05  70.8  0.556  0.530  0.248 

5 CoCls  Platinum  1.00  40.4  0.539  0.544  0.262 

6 CoCU  Platinum  1.00  40.4  0.540  0.545  0.263 

7 CoCL -f  boric  acid  Platinum  2.00  34.2  0.524  0.536  0.254 

8 CoCls  +  boric  acid  Carbon  2.00  34.2  0.526  0.538  0.256 

Average,  0.255 
*  0.004 

9 CoCls  +  NH4OH         Platinum        2.00    34.2    0.559    0.571        0.289 

10 Massive  Co    1.00    40.4    0.423    0.428        0.146 

11 Massive  Co    1.00    40.4    0.424    0.429        0.147 

From  the  above  observed  values  of  the  E.  M.  F.  the  potential  of  the 
cobalt  electrode  in  equivalent  normal  cobalt  chloride  solution  has  been 
computed,  by  means  of  the  Nernst  concentration  formula,  using  degrees 
of  dissociation  derived  from  Kohlrausch's  conductivity  data  by  means  of 
the  Storch-Bancroft  formula.  The  values  n  =  1.52  and  K  =  0.00098 
in  this  formula  were  found  to  give  satisfactory  concordance.  These  cor- 
rected values  are  given  in  the  seventh  column  of  the  above  table. 

The  corrected  potentials  of  all  the  electrodes  prepared  from  cobalt 
chloride  or  boric  acid  solutions  show  slight  individual  variations,  but  the 
average  deviation  from  the  mean  ( — 0.255)  is  after  all  only  =±=4  millivolts. 
The  mean  value  agrees  reasonably  well  with  those  of  Neuman  (0.262)  and 
Schildbach  (0.268). 

The  normal  potential  of  the  cobalt  electrode  in  molar  solution  of  cobalt 
ions  would  be  on  the  basis  of  this  value  — 0.255  +  0.018  =  — 0.237  vo^« 

(6)  In  Ammoniacal  Solutions  of  Cobalt  Chloride. — In  measuring  the 
potential  of  cobalt  electrodes  in  ammoniacal  solutions  the  same  pre- 
cautions were  taken  as  in  the  measurements  made  in  ammoniacal  solu- 
tions of  the  cobaltic  ammines,  and  a  similar  mercuric  oxide  electrode  and 
normal  potassium  chloride  agar-agar  salt  bridge  were  employed.  In  addi- 
tion any  exposed  platinum  or  carbon  of  the  electrodes  was  coated  with 
paraffin.    It  was  found  that  the  potentials  adjusted  themselves  quite 
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rapidly  and  definitely.    The  measurements  made  in  6  molar  ammonium 
hydroxide  are  summarized  in  the  following  table. 

Table  VIII. 

Cobalt-cobaltous  Potential  in  Ammoniacal  Solution. 

Cell  Co|6  M  NH4OH+*  M  CoCl,| M  KCl| M  NaOH|HgO|Hg  at  25*. 


Cone. 

CoClt. 

M. 

Dissoc. 

Observed  E.  M.  F.  Cell 
Electrode  No. 

Single  Potential  Co  I  M  CoCls. 
Electrode  No. 

1.            2.           3.             4. 

1. 

2. 

3. 

4. 

O.OOO47 

95  9 

0.794(0.766)0.800  O.802 

O.565 

0.572 

0573 

O.OOO95 

941 

O.784  O.771   O.792  O.798 

O.563 

0550 

057I 

0.577 

O.O0475 

87.9 

O.764O.754      

O.563 

0553 

O.OO52 

873 

O.760  O.756 

O.560 

0556 

0.0095 

839 

O.748  O.742  0.753  O.750 

0.556 

0.550 

O.561 

0.558 

O.O190 

79  O 

O.74O  O.727      

0556 

0.542 

O.0380 

73-4 

0735  O.724      

0559 

0546 

O.057 

696 

O.731   O.724      

O.560 

0.553 

O.076 

66.8 

O.728  O.720      

O.560 

0.552 

0.095 

64.4 

O.723  O.718      

0.557 

0.552 

Average, 

0.558 

0.550 

O.561 

0.557 

(Omitting  first  2  values). 

=*=O.0O2 

^=0.003 

=*=O.OOI 

«fco.ooi 

Pinal  average, 

• 

-0556 

* 0.003  volts 

From  the  observed  potentials  the  single  potential  of  the  cobalt  electrode 
in  an  equivalent  normal  solution  of  cobaltous  ammine  has  been  computed. 
In  making  this  computation  the  cobaltous  ammine  was  assumed  to  follow 
the  same  dilution  formula  as  aqueous  cobalt  chloride  solutions.  The 
liquid  junction  potentials  between  the  ammoniacal  and  the  potassium 
chloride  solutions  were  computed  on  similar  assumptions  and  were  found 
in  general  to  be  only  a  few  tenths  of  a  millivolt.  The  resulting  values  are 
given  in  the  last  four  columns  of  Table  VIII.  It  can  be  seen  that  there  is  a 
close  agreement  (±0.003  v0  between  the  values  computed  from  the 
different  concentrations  of  cobaltous  ammine  solution.  This  indicates 
that  the  potential  is  a  reversible  one  and  that  the  cobaltous  ammine  ion  is 
divalent.  The  average  value  (0.556)  corresponds  to  a  concentration  of 
about  1  X  io~n  M  simple  cobaltous  ions  and  shows  that  the  cobaltous 
ammine  complex  is  decidedly  stable  under  these  conditions. 

Formula  of  the  Cobaltous  Ammine  Ion  in  Solution. — While  the  above 
measurements  at  different  total  cobalt  concentrations  show  clearly  that 
the  potential  registered  by  the  cobalt  electrode  is  definite  and  reproducible, 
that  the  cobaltous  ammine  ion  is  divalent,  and  that  the  concentration 
of  the  simple  cobaltous  ions  is  extremely  minute,  they  do  not  give  any 
information  as  to  the  number  of  ammonia  molecules  associated  with  the 
cobalt  atom  in  the  cobaltous  ammine  ion.  To  secure  this  information 
it  was  necessary  to  study  the  effect  on  the  potential  of  the  ammine  of 
various  concentrations  of  the  ammonia.  Measurements  were,  therefore, 
carried  out  in  which  the  total  concentration  of  cobalt  was  maintained 
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constant  while  the  ammonia  concentration  was  varied  from  2  to  6  molar. 
The  results  are  collected  in  the  following  Table  IX. 

Tablb  IX. 
Cell  Co  J  0.05  M  CoCI,  +  *  M  NH4OH  |  M  NaOH  |  HgO  |  Hg  at  250. 

Empirical  Formula:  log  Cco++  ™  +°-46  —  n  lo*  <Pnh«- 

Volts.  Log  cone.  M  Co+  +. 

Cone.  * * .  , * » 

NH4OH.  Electrode   Electrode  E.  M.  P.    E.  M.  P.    PnHi-  Comp. 

If.  1.  2.  Ave.   C0/C0++.  Differ.      Mm.         Obs.  «-6.  *. 

6 0.716    0.714    0.715    0.574*  o  337     107.7     "-42       «. 71         5-86 

4 O.694     O.692     O.693     O.551     O.314       63.4     IO.64       XO.35         6.16 

3 O.660     O.658     O.659     O.517     O.280       44.7       9.49         9.44         6.03 

2 O.622     O.618     O.620     O.478     O.241        27.8       8.17         8.20         5.98 

=*=0.l6      ±0.09 
•  A  correction  of  +0.001  volt  has  been  applied  to  this  value,  sinoe  computations 
show  that  the  higher  concentrations  of  the  ammonia  will  result  in  a  change  in  the  liquid 
junction  potential  of  this  amount. 

By  subtracting  the  E.  M.  F.  of  the  combination  Hg  |  HgO  |  NaOH  |  KC1 
(p.  2039)  from  the  observed  E.  M.  F.  of  the  cell  the  single  potentials  of  the 
cobalt  electrodes  in  the  different  concentrations  of  ammonia  are  obtained; 
these  values  for  the  average  of  2  different  electrodes  are  given  in  the 
fifth  column  of  the  table.  Finally,  subtracting  the  potential  of  the  cobalt 
electrode  in  molar  cobaltous  ions  ( — 0.237  volt)  and  substituting  in  the 
Nernst  formula  gives  the  desired  concentration  of  the  cobaltous  ions. 
The  logarithms  of  these  values,  given  in  Col.  8,  show  an  enormous 
change,  in  the  concentration  of  the  cobalt  ion  1800  times,  for  a  threefold 
change  in  the  total  concentration  of  ammonia. 

The  reaction  for  the  formation  of  the  cobaltous  ammine  ion  would  be 
represented  by  the  equation 

Co++  +  n  NHj  ^  Co(NH,),++. 

C    ++  X  C      n 
From  this  it  follows  that   — ^^-  =  K,  and  since  the  relative 

CCo(NH»)„++ 

concentration  of  the  simple  cobaltous  ion  is  negligible  in  comparison  with 
that  of  the  cobaltous  ammine  ion,  the  latter  is  substantially  equal  to  the 
total  cobalt  concentration,  which  is  in  turn  a  constant;  that  is 

CCo++  X  CNH«*  =  Ku 
and,  therefore, 

log  CCo++  =  log  Ki  —  n  log  CNHr 

The  concentration  of  free  ammonia  in  the  ammoniacal  solution  is  not 

identical  with  the  total  concentration,  and  indeed  is  not  definitely  known,1 

but  it  is  certainly  always  proportional  to  the  partial  pressures  of  the 

ammonia  from  these  solutions,  and  accurate  measurements  of  these  pres- 

1  See  Abegg's  "Handbuch  der  Anorg.  Chemie,"  III,  3,  71,  Leipzig  (1907). 
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sures  have  been  made  by  Perman.1  Plotting  his  data,  and  interpolating, 
the  values  given  in  the  seventh  column  of  Table  IX  are  obtained.  When 
the  logarithms  of  these  values  in  turn  are  plotted  against  the  logarithms 
of  the  corresponding  concentrations  of  the  cobalt  ions  the  points  are  found 
to  lie  very  nearly  on  a  straight  line  represented  by  the  equation 

log  CCo++  =  0.46  —  n  log  PNh,. 
The  values  of  log  CCo++  computed  from  this  equation  are  given  in  the 
ninth  column.  They  are  seen  to  agree  excellently  (=±=0.16  or  ±0.005  volt) 
with  the  observed  values.  Conversely,  when  the  value  of  the  coefficient 
n  is  computed  from  the  observed  values  of  Pnh»  and  CCo++»  taking 
log  Ki  —  0.46,  the  values  given  in  the  tenth  column  are  obtained.  They 
show  an  average  deviation  of  only  1.5%  from  the  mean  value  of  6.  There 
is  some  uncertainty  in  these  results  in  that,  unfortunately,  the  absolute 
ammonia  concentration  was  determined  only  by  means  of  hydrometer 
measurements,  although  the  dilution  was  made  with  burets.  In  spite 
of  this  the  evidence  appears  to  be  very  strongly  in  favor  of  the  conclusion 
that  the  coefficient  n  does  have  the  value  6,  and  that  the  formula  of  the 
ammine,  therefore,  is  Co(NH3)«++  in  the  presence  of  an  excess  of  ammonia. 
Concentration  of  Cobaltous  Ion  in  the  Cobaltic-Cobaltous  Ammine 
Solution. — The  equilibrium  constant  for  the  dissociation  of  the  cobaltous 
ammine  ion  into  ammonia  and  the  simple  cobaltous  ion  is,  therefore,  in 
accordance  with  the  above 


and,  therefore, 


Kx            10*" 
K  - -  -  57.7 

^Co(NHi)i  O-OS 


yxy-s7.7at2S°. 

kco(NHi)# 

The  total  concentrations  of  the  ammonia  and  the  cobaltous  chloride  in 
all  the  solutions  used  for  the  measurements  of  the  oxidation  potentials 
of  the  cobaltic  ammine  were  3.265  and  0.019  M  respectively.  Using  the 
above  empirical  equation  for  the  effect  of  ammonia,  the  concentration 
of  the  cobaltous  ion  in  this  solution  is  readily  found  to  be 

CCo++  -  0.74  X  10-10  M. 
It  is  interesting  to  compare  the  stability  of  this  ammine  with  that 
of  the  few  other  ammines  which  have  been  studied.8    All  of  these  have 
been  collected  in  the  following  Table  X,  where 

js     ^    (CMe)(CNH«)"  „+  „© 

r^c  —  —* at  25  , 

CMe(NHi)w 

1  Perman,  /.  Chem.  Soc.t  83,  1171  (1903). 

*  Abegg's  "Handbuch  der  anorg.  Chem.."  Ill,  3,  69,  Leipzig  (1907);  Bodlander, 
Z.  physik,  Chem.,  39,  597  (1901);  Abegg,  ibid.,  40,  84  (1902);  45»  4^1  (1903);  Euler. 
Ber.,  36,  1854.  2878,  3400  (1903). 
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CMe  representing  the  concentration  of  the  metallic  ion  and  n  the  number 
of  molecules  of  ammonia  in  the  ammine.  To  facilitate  comparison,  we 
have  converted  our  value  of  K  for  cobaltous  ammine,  expressed  in  mm.  of 
Hg,  to  this  same  basis  of  molar  concentrations,  by  dividing  by  12.9,  a 
proportionality  factor  applying  approximately  over  these  ranges  of 
ammonia  concentrations. 

Tablb  X. 

Stability  Constants  of  Metallic  Ammines. 

Ammine.  Kc. 

Ag(NHi), 6.8  X  io-» 

Cu(NH»), 1.5  X  io"» 

Cd(NHi)4 1.0  X  10 ~7 

Zn(NH,)4 2.6  X  io-" 

Co(NH,). 1.25  X  xo-« 

On  the  basis  of  these  values  of  Kc  the  cobaltous  ammine  is  evidently 
less  stable  than  the  other  ammines  in  a  molar  solution  of  ammonia.  Be- 
cause of  the  relatively  high  value  of  n  (6),  it  is  relatively  even  less  stable 
at  lower  ammonia  concentrations  but  is  more  stable  at  higher  ammonia 
concentrations. 

The  Cobaltic-Cobaltous  Potential. 

The  cobaltic-cobaltous  potential  has  been  measured  by  Stephen  Jahn1 
and  by  Oberer2  at  o°,  but  unfortunately  for  our  purposes  at  no  other 
temperature.  We  have  therefore  repeated  their  measurements  at  o° 
and  have  also  made  measurements  at  160,  the  highest  temperature  to 
which  one  can  go  without  excessive  decomposition  of  the  cobaltic  salt. 
By  extrapolating  we  have  found  the  cobaltic-cobaltous  potential  at  25  °. 

Our  procedure  was  substantially  that  of  the  above-mentioned  in- 
vestigators. Cobaltic  sulfate  was  prepared  by  the  electrolytic  oxidation 
of  cobaltous  sulfate  in  8  M  sulfuric  acid.  The  dried  crystalline  product 
and  crystalline  cobaltous  sulfate  were  dissolved  in  2  M  sulfuric  acid  and  the 
potential  measured  on  both  gold  and  platinum  electrodes  against  a  hy- 
drogen electrode  immersed  in  sulfuric  acid  of  the  same  concentration. 
A  rotating  platinum  stirrer  and  2  stationary  electrodes  were  inserted 
through  the  stopper.  Holes  were  also  provided  in  the  stopper  for  a 
thermometer  and  a  calibrated  pipet.  Following  a  suggestion  of  Jahn,  one 
platinum  electrode  was  coated  with  a  thin  layer  of  cobalt  oxide  formed 
by  the  evaporation  and  subsequent  ignition  of  a  film  of  cobalt  nitrate 
solution  upon  it. 

When  the  potential  had  become  constant,  samples  of  the  electrolyte 
were  transferred  by  means  of  an  ice-jacketed  pipet  into  a  solution  of 
potassium  iodide,  and  the  liberated  iodine  was  tirated  by  means  of  thio- 
1  Jahn,  Z.  anorg.  Ckem.,  60,  292  (1908). 
*  Oberer,  Dissertation,  Foerster's  Laboratory,  Zuricb,  1903. 
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sulfate  solution.  A  slow  decomposition  of  the  cobaltic  salt  occurred, 
so  that  successively  lower  ratios  of  cobaltic  cobaltous  concentrations  could 
be  measured  simply  by  stirring  the  cell  for  a  few  hours  and  again  observing 
the  potential  and  analyzing  for  cobaltic  cobalt. 

When  the  run  had  been  completed  the  remaining  electrolyte  was 
analyzed  for  total  cobalt  by  electrolysis.  From  these  data  the  cobaltic- 
cobaltous  ratio  could  be  computed  for.  each  of  the  potential  measure- 
ments.   The  results  are  collected  in  Table  XI. 


• 

Table  XI. 

E.M.F.— Cell  Pt(Au) 

|  (Co)(S04)»  +  C0SO4  +  8  MH&O4  |  KHaSO*  1  PtH,. 

Obs.  E.  M.  P.  Cell. 

Normal  potential 

C0+  +  +/C0+  + 

Temp.               Ratio. 
°C.      C0+  +  +/C0+  + 

Platinum.                    Gold 
Volts. 

Platinum.                    Gold. 
Volts. 

O                    O.58 

I . 7246                    I . 7562 

I.7385                     I- 7718 

O                    O.46 

1.7536                    1.7568 

I.7748                     I.7780 

16                    O.44 

I.7692                    I .7736 

1-7953                  1   7997 

16                    O.34 

I . 7662                    I . 7690 

1.7986                  1. 8014 

The  gold  electrodes  gave  higher  potentials  than  the  platinum,  an  ob- 
servation wholly  in  accord  with  the  experiments  of  Jahn1  and  since  slow 
spontaneous  decomposition  of  the  cobaltic  salt  is  continually  taking  place 
in  the  solutions  it  doubtless  records  more  nearly  the  true  cobaltic-cobaltous 
potential;  indeed,  we  consider  the  higher  values  in  general  as  the  more 
probable. 

This  formula  is  in  agreement  with  what  would  be  expected  from  the 

•  known  solid  compounds  of  ammonia  and  cobaltous  chloride.     While  a 

cobaltous  diammine  had  been  prepared  in  the  dry  state2  the  hexammine 

is  the  stable  compound  obtained  by  precipitation  from  strongly  ammonia- 

cal  solutions  or  by  treatment  of  the  dry  chloride  with  an  excess  of  ammonia.  * 

To  obtain  the  single  cobaltic-cobaltous  potential  from  these  measure- 
ments we  must  eliminate  the  potential  of  the  hydrogen  electrode  in  2  M 
sulfuric  acid  at  the  temperatures  of  the  observations.  This  we  have  done 
by  measuring  the  E.  M.  F.  of  the  cell, 

Hg  I  Hg2Cl2  I  M  KC1  J  Sat.  NH4NO3  |  2  M  H2SO4  |  H2, 
obtaining  +0.2878  volt   at   o°   and    +0.2816  volt  at  160.      Auerbach 
gives  for  the  potential  of  the  normal  calomel  electrode  against  the  normal 
hydrogen  electrode  +0.289  at  o°  and  +0.286  at  180,  or  +0.2863  at  160. 
Assuming  with  Auerbach4  and  others  that  the  normal  hydrogen  electrode 

1  Loc.  cit. 

*  F.  Rose,  Unters.  fiber  Ammoniak-Kobaltverbindung,  Heidelburg,  1871,  p.  26; 
Naumann,  Ber.,  37,  4334  (1904). 

8  Fremy,  Ann.  chim.  phys.f  [3]  35,  257;  Rose,  loc.  cit.;  Naumann,  loc.  cit.;  Ephraim, 
Ber.,  45,  1323  (1912);  5i»  130  (1918). 

4  Auerbach,  Z.  Elektrockem.,  18,  136  (1812). 
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has  a  zero  temperature  coefficient  over  this  range,  this  gives  for  the  single 
potential  of  the  H*  |  *M  H*S04  electrode  +0.0012  at  o°  and  +0.0047  at 
1 6°.  Subtracting  these  values  we  obtain  the  single  cobaltic-eobaltous 
potentials  given  in  the  last  2  columns  of  Table  XI. 

Our  value  at  o°  (1.775)  agrees  reasonably  well  with  Jahn's  average  value 
of  1.774,  measured  against  a  hydrogen  electrode  in  1.5M  sulfuric  acid. 
No  accurate  data  are  available  regarding  this  latter  electrode,  but  assuming 
that  the  concentration  of  the  hydrogen  ion  in  this  acid  is  1 .2  M  the  normal 
potential  would  be  1.779  volts. 

Prom  the  average  of  the  values  at  o°  and  at  16  °  a  temperature  coefficient 
of  +0.00169  volt  is  obtained,  giving  a  normal  cobaltic-eobaltous  potential 
at  250  of  +1.817  volts. 

Concentration  of  Cobaltic  Ion  in  the  Cobaltic  Ammine  Solutions. — 
The  concentration  of  the  cobaltic  ion  in  the  various  cobaltic  ammine 
solutions  can  now  be  easily  computed  from  the  equation 

uCo  __    „  o,-     1     ~  ~-~  1™         °Co 


E  =  En  +  0.059  log      °         =  1.817  +  0.059  log 


CCo++  0.74  X  10- 

orlogCCo+++  =  E  —  2'415 


0.059 
Tablb  XII. 


cCo+  +  + 


Cone.  Oxidation.  Obs.  In  M  Ammine. 

M.  Ammine.  Potent.  X  10-".  X  10-m, 

0.077     Hexammine  cobaltic  chloride o.  1558  52 .  6.8 

0.077    Aquo-pentammine  cobaltic  chloride o .  0884  3.7  o .  48 

0.077  Diaquo-pentammine  cobaltic  chloride. .  0.1034  6.8  0.87 

0.015     Nitro-pentammine  cobaltic  chloride o .  0929  4.4  2.9 

0.01 5  1 ,6-Dinitro-tetrammine  cobaltic  chloride  0.1156  10.7  7.1 

0.015  1,2-Dinitro-tetrammine  cobaltic  chloride  0.0674  *  •  7  ll 

The  resulting  values  are  given  in  the  fourth  column  of  Table  XII.  Cor- 
rected to  a  molecular  normal  concentration  of  the  cobaltic  ammine  the 
values  given  in  the  last  column  of  Table  XIJ  are  obtained.  It  is  evident 
from  these  values  that  all  the  cobaltic  ammines  are  extremely  stable, 
yielding  exceedingly  small  cobaltic  ion  concentrations.  Relatively  the 
stability  increases  downward  in  the  order:  i,6-dinitro-tetrammine,  hexam- 
mine, nitro-pentammine,  1,2-dinitro-tetrammine,  diaquo-pentammine, 
aquo-pentammine. 

Expressing  these  results,  taking  the  hexammine  for  illustration,  in  the. 
same  form  as  was  employed  with  the  cobaltous  ammines  (see  above). 

K  _  (Cco+++)(Pnh,)*  _  (6.8  X  io-'»)(49.5')g  =  ,  Q  x  1Q-„ 

Cco(NH,).+++  I 

or  t 

K<  «  z*  X  io-»4. 
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This  shows  that  compared  with  cobaltous  hexammine  and  with  the  other 
metal  ammines,  cobaltic  hexammine  (and  similarly  the  other  cobaltic 
ammines)  are  extremely  stable. 

Summary. 

1.  The  oxidation  potentials  of  aqueous  solutions  of  6  representative 
cobaltic  ammines  have  been  measured  in  3.265  M  ammonium  hydroxide 
solution.  From  these  potentials  the  concentrations  of  simple  cobaltic 
ions  in  these  solutions  have  been  computed  and  the  relative  stabilities 
of  the  ammines  thus  ascertained.  Their  stability  is  very  great  as  compared 
with  other  metal  ammines.  The  6  ammines,  arranged  in  the  order  of 
stability,  are  as  follows:  Aquo-pentammine  cobaltic  chloride,  diaquo- 
tetrammine  cobaltic  chloride,  1,2-dinitro-tetrammine  cobaltic  chloride, 
nitro-pentammine  cobaltic  chloride,  hexammine  cobaltic  chloride,  1,6- 
dinitro-tetrammine  cobaltic  chloride. 

2.  Incidentally: 

(a)  The  potentials  of  the  cobalt-cobaltous  electrode  in  cobaltic  chloride 
solution  and  in  ammoniacal  cobaltic  chloride  solutions  have  been  measured. 
From  them  the  formula  of  the  cobaltous  ammine  ion  in  the  presence  of 
excess  ammonia  has  been  shown  to  be  Co++(NHs)«  and  the  equilibrium 
constant  for  its  dissociation  into  ammonia  and  simple  cobaltous  ions  has 
been  computed. 

(6)  The  cobaltous-cobaltic  potential  has  been  determined  at  16  °  and 
redetermined  at  o°.  From  them  the  potential  at  25  °  has  been  obtained 
by  interpolation. 

(c)  The  potential  of  the  hydrogen  electrode  in  2  M  sulfuric  acid  has 
been  measured  at  o°  and  at  160  C.  against  a  calomel  electrode. 

Cambridge  38,  Mam. 


[Contribution  from  the  T.  Jbffbrson  Coolidgb,  Jr.  Chemical  Laboratory  of 

Harvard  Coixsgb.) 

THE   DETERMINATION   OF   POTASSIUM   AS   PERCHLORATE. 

HI. 

By  Gregory  P.  Baxter  .and  Prank  B.  Rupbrt. 

Received  August  7,  1920. 

In  recent  papers  Baxter  and  Kobayashi1  have  proposed  certain  modi- 
fications in  the  procedure  for  the  determination  of  potassium  as  perchlor- 
ate and  have  supported  the  use  of  absolute  ethyl  alcohol  containing  per- 
chloric acid  and  saturated  with  potassium  perchlorate  as  the  washing 
liquid,  after  the  initial  extraction  of  sodium  perchlorate  has  been  carried 
out  with  alcohol  containing  perchloric  acid  only.  They  have  also  advo- 
cated working  at  freezing  temperature  and  found  that  at  least  one  solu- 
tion of  the  precipitate  in  water  and  evaporation  to  dryness  with  a  slight 
1  Baxter  and  Kobayashi,  This  Journal,  39,  249  (1917);  42,  735  (1920). 
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excess  of  perchloric  acid  is  necessary  to  eliminate  inclusion  of  sodium 
salt  by  the  potassium  salt. 

As  substitutes  for  ethyl  alcohol  we  have  investigated  in  a  similar  fashion 
methyl  alcohol,  and  ethyl  alcoho1  denatured  with  5%  of  methyl  alcohol. 

Potassium  perchlorate  was  purified  for  the  experimental  work  by  2 
crystallizations  from  water.  Fairly  pure  perchloric  acid  was  twice  dis- 
tilled under  reduced  pressure  in  an  all-glass  apparatus.  By  determining 
the  specific  gravity  of  the  distillate  it  was  found  to  contain  56.3%  of 
acid.  After  evaporation  in  a  weighed  platinum  crucible  30  cc.  left  a  resi- 
due of  0.5  mg.  wholly  soluble  in  a  few  cc.  of  alcohol.  Sodium  perchlorate 
was  made  from  the  distilled  perchloric  acid  and  twice  crystallized  sodium 
carbonate.  After  the  solution  had  been  evaporated  to  dryness,  the  resi- 
due was  dissolved  in  absolute  ethyl  alcohol  containing  o.  1%  of  perchloric 
acid,  and  the  solution  was  filtered  through  a  platinum  sponge  crucible. 
The  operations  of  evaporation  to  dryness,  solution  in  alcohol  and  filtra- 
tion were  then  repeated.  This  last  solution  was  evaporated  to  dryness 
and  the  residue  was  dissolved  in  water  to  make  a  10%  solution,  from  which 
suitable  quantities  could  be  measured  out  for  separate  experiments. 
Ethyl  and  methyl  alcohols  were  dehydrated  over  lime  and  distilled  through 
a  Hempel  column. 

First,  approximate  determinations  of  the  solubility  of  potassium  per- 
chlorate were  made  in  methyl  alcohol,  and  in  ethyl  alcohol  denatured 
with  5%  of  methyl  alcohol,  both  with  and  without  the  addition  of  per- 
chloric acid.  A  large  excess  of  finely  powdered  potassium  perchlorate 
was  placed  in  ioo-cc.  flasks,  which  were  filled  with  the  alcoholic  solution 
and  frequently  shaken  by  hand  while  kept  at  the  temperature  in  question 
by  immersion  in  an  ice-bath  or  in  a  thermostat  maintained  at  200.  The 
solutions  were  filtered  through  platinum  sponge  crucibles  into  weighed 
platinum  dishes  in  which  they  were  evaporated  to  dryness  over  an  electric 
stove.    The  residues  were  heated  to  about  200  °  before  being  weighed. 

Since  the  solubility  in  methyl  alcohol  was  found  to  be  many  times 
that  in  the  denatured  alcohol,  while  the  latter  differs  very  little  from  pure 
ethyl  alcohol  in  its  effect,  no  further  experiments  with  methyl  alcohol 
were  made. 

Table  I. 
Grams  of  KC10<  in  100  cc.  of  Methyl  Alcohol. 
HCIO*.   %.  o°.  20°. 

0.0  0.0497  0.0745 


0.0 

0.0492 

0.0749 

0.4 

0.0216 

0.4 

0.0216 

0.8 

0.0090 

0.0176 

0.8 

0.0006 

0.0178 

a. 4 

0.0x20 

2.4 

d.or23 
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Table  II. 
Grams  of  KCIO4  in  100  cc.  of  Denatured  Alcohol. 


HCIO*.  %. 

0°. 

20°. 

O.O 

O.O086 

O.OI20 

O.O 

O.OO86 

O.OII4 

O.I 

0.0022 

O.OO33 

O.I 

0.002I 

O.OO32 

0.2 

0.0022 

O.OO3O 

0.2 

0.002I 

O.OO29 

0.4 

O.OOI8 

O.OO28 

0.4 

O.OOI9 

O.OO28 

O.8 

O.OO25 

0.8 

.  . 

O.OO26 

Blank  experiments  for  the  recovery  of  potassium  perchlorate  in  the 
presence  of  sodium  perchlorate  were  carried  out  as  in  the  work  by  Baxter 
and  Kobayashi,  except  that  denatured  alcohol  was  substituted  for  ethyl 
alcohol.    The  procedure  was  as  follows. 

An  exactly  weighed  quantity  of  dry  potassium  perchlorate  together 
with  an  approximately  weighed  portion  of  sodium  perchlorate  was  dis- 
solved in  water  in  a  platinum  dish,  and  the  solution  was  evaporated  to 
dryness  with  a  small  quantity  of  perchloric  acid.  The  residue  was  ex- 
tracted with  20  cc.  of  denatured  alcohol  containing  0.2%  of  perchloric 
acid  and  was  washed  with  two  5  cc.  portions  of  the  same  solution,  which 
is  designated  "A"  in  the  tables.  The  first  extract  and  rinsings  were 
poured  through  a  weighed  platinum-sponge  crucible.  Next  the  potassium 
perchlorate  was  dissolved  in  water  and  the  solution  was  evaporated  to 
dryness  with  a  small  quantity  of  perchloric  acid  and  the  residue  was  ex- 
tracted, washed  by  decantation  and  transferred  to  the  original  platinum- 
sponge  crucible  with  denatured  alcohol  containing  0.2%  perchloric  acid 
and  saturated  with  potassium  perchlorate.1  This  solution  is  designated 
"W"  in  the  tables.  In  the  experiments  recorded  in  Table  III  the  opera- 
tions were  performed  at  o°,  while  the  experiments  recorded  in  Table  IV 
were  performed  at  about  20  °. 

Since  Expts.  3  to  9  and  14  to  19  show  positive  errors  in  nearly 
every  case,  in  Expts.  10  to  13  and  20  to  23,  in  order  to  eliminate 
residual  inclusion  of  sodium  salt,  the  second  precipitate  of  potassium 
perchlorate,  after  being  rinsed,  was  dissolved  in  dil.  perchloric  acid  and 
the  solution  evaporated  to  dryness  still  again  before  the  final  extraction 
and  transfer  to  the  crucible.  The  later  modification  had  little  if  any 
effect. 

The  following  experiments  indicate  that  ethyl  alcohol  denatured  with 
5%  of  methyl  alcohol  may  safely  be  substituted  for  ethyl  alcohol  in  the 
washing  of  potassium  perchlorate. 

1  Made  by  dissolving  the  necessary  quantity  of  potassium  perchlorate  in  warm 
cone,  perchloric  acid  and  adding  the  solution  to  the  alcohol. 
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Table  III. 

Wash-        AtO°  KCIO4  KCIO4 

First  extract.              logs.        NaClOi  taken.  found.  Error. 

Expt.                      Cc                         Cc.      taken.   G.         G.  G.  G. 

I A  20  +  5  +  5        W    90        O.O  O.3013  O.3011  — O.OO02 

2 A  20  +  5+5      W90      0.0  0.3451  0.3449  — 0.0002 

3 A  20  +  5  +  5        W    75        0.5  O.3021  O.3027  +O.OO06 

4 A  20 +  5 +5       W    75       0.5  0.3446  0.3450  +0.0004 

5 A  20  +  5  +  5       W    75       0.1  0.3002  0.3005  +0.0003 

6 A  20  +  5  +  5       W    75       0.1  0.3326  0.3329  +0.0003 

7 A  20  +  5  +  5       W    75       0.3  0.2999  0.3002  +0.0003 

8 A  20  +  5  +  5       W    75       1.0  0.3029  0.3033  +0.0004 

9 A  20  +  5  +  5       W    75       1.0  0.3164  0.3168  +0.0004 

10 A  20 +  5+5       W    90       0.5  0.3018  0.3019  +0.0001 

11 A  20 +  5+5       W    90       0.5  0.3183  0.3183  +0.0000 

12 A  20  +  5  +  5       W    90       1.0  0.3002  0.3004  +0.0002 

13 A  20 +  5+5       W    90       1.0  0.3188  0.3189  +0.0001 

Table  IV. 

At  20°. 

14 A  20  +  5  +  5       W    75       0.5  0.3603  0.3007  +0.0004 

15 A  20 +  5  +5       W    75       0.5  0.3083  0.3084  +0.0001 

16 A  20  +  5  +  5       W    75       0.1  0.2984  0.2983  — 0.000 1 

17 A  20  +  5  +  5       W    75       0.1  0.3052  0.3053  +0.0001 

18 A  20  +  5  +  5       W    75       1.0  0.3008  0.3010  +0.0002 

19 A  20  +  5  +  5       W    80       1.0  0.3056  0.3059  +0.0003 

20 A  20  +  5  +  5       W    95       0.5  0.3017  0.3019  +0.0002 

21 A  20  +  5  +  5       W  100      0.5  0.3091  0.3093  +0.0002 

22.. \..     A  20  +  5  +  5       W  100       1.0  0.3020  0.3022  +0.0002 

23 A  20  +  5  +  5       W  100       1.0  0.3096  0.3099  +0.0003 

It  also  is  evident  that  in  the  procedure  described  the  temperature  is 
unimportant,  if  the  washing  liquid  employed  after  the  initial  extraction 
is  previously  saturated  with  the  precipitate. 

Cambeidgb,  Mass. 
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GELATIN  AS  AN  EMULSIFYING  AGENT. 

By  Harry  N.  Holmes  and  Wm.  C.  Child. 

Received  July  26,   1920. 

Various  theories  of  the  action  of  emulsifying  agents  have  been  offered. 
Plateau1  and  Quincke*  considered  the  lowering  of  surface  tension  of  one 
of  the  2  liquids  as  the  most  important  factor,  with  viscosity  next.  Pick- 
ering* believed  that  a  droplet  covering  of  small  insoluble  solid  particles 
was  a  vital  factor.  He  demonstrated  his  theory  by  the  use  of  basic 
ferrous  and  cupric  sulfates.  Martin  Fischer4  states  that  solvated  sub- 
1  Plateau,  Ann.  Physik.,  141,  44  (1870). 

*  Quincke,  ibid.,  271,  580  (1888). 

•  Pickering,  /.  Chem.  Soc.,  91,  2001  (1907). 

4  Fischer,  Science,  43,  468  (1916);  "Pats  and  Fatty  Degeneration/'  Wiley  and 
Sons  (1917). 
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stances  are  the  best  emulsifying  agents.  Bancroft1  thinks  that  each  drop- 
let  must  be  covered  with  an  adsorption  layer  of  colloid  particles  in  the 
form  of  a  coherent  film. 

The  object  of  this  research  was  to  use  gelatin  as  a  typical  hydrated 
colloid  in  aiding  the  emulsification  of  oil  in  water  and  to  observe  the  order 
of  importance  of  the  factors  mentioned  above.  With  kerosene-water 
emulsions  we  made  a  study  of  2  factors  usually  considered  as  influencing 
stability  of  emulsions.  (1)  A  study  of  the  surface  tension  of  the  gel- 
oil  interface;  (2)  a  determination  of  whether  or  not  gelatin  is  adsorbed 
to  form  a  concentration  layer  around  the  oil  droplets;  (3)  a  study  of  the 
viscosity  of  the  gelatin  solutions  used. 

Experimental  Methods. 

After  trying  several  of  the  best  available  gelatins,  such  as  ossein  stock 
and  calf  stock  direct  from  a  manufacturer,  Nelson's  photographic  gela- 
tins and  others,  we  selected  "Difco"*  as  the  best  brand  for  our  purpose. 
It  had  an  ash  content  of  1 . 1%  and  a  water  content  of  13 .6%.  A  1 . 1% 
solution  in  water  was  so  stiff  that  it  would  not  flow  from  a  35  mm.  tube 
when  inverted.  We  might  have  lowered  the  ash  content  still  further 
by  repeated  precipitation  in  alcohol  and  washing  with  water. 

The  emulsions  studied  were  made  up  as  follows.  The  gelatin  was 
weighed  into  an  emulsion  bottle  (125  cc.  bottles,  35  mm.  in  diameter) 
and  10  cc.  of  water  or  the  solution  of  some  electrolyte  added  from  a  pipet. 
The  bottle  was  then  placed  in  a  water-bath  at  45-50  °  and  kept  there 
until  all  the  gelatin  was  in  solution,  or  peptized.  Kerosene  was  then 
added  in  5  cc.  portions  and  the  bottle  placed  in  a  shaking  machine  and 
given  1232  double  strokes  after  each  addition.  The  machine  handled 
9  bottles  at  a  time,  giving  them  about  4.5  complete  10-cm.  strokes  per 
second.  An  automatic  shut-off  was  used  to  stop  the  shaking  on  the 
1232nd  stroke.  After  the  last  addition  of  oil,  3693  shakes  were  given 
the  emulsion.  Unless  otherwise  stated,  all  the  emulsions  contained  30 
cc->  or  75%  of  oil. 

The  emulsions  were  all  of  the  oil-in-water  type.  They  were  allowed  to 
stand  for  about  3  months  and  their  conditions  noted  at  the  end  of  that 
time.  Unlike  soap  emulsions,  most  gelatin  emulsions  are  slow  to  cream, 
that  is,  to  separate  a  rich  emulsion  layer  above  a  very  .dilute  emulsion 
layer.  Those  that  cream  first  are,  as  a  general  rule,  the  first  to  show  a 
general  breakdown.  We,  therefore,  considered  the  poor  emulsions  the 
ones,  that  creamed  the  fastest  and  separated  the  most  oil.  It  was  not  often 
that  the  emulsion  separated  a  uniform  layer  of  oil  on  top  but  instead 
showed  a  general  breakdown  all  the  way  through.  Eight  or  nine  bottles 
were  grouped  in  a  series  and  shaken  at  the  same  time. 

1  Bancroft,  /.  Phys.  Chem.t  17,  501  (1913). 
*  Digestive  Ferments  Co.,  Detroit. 
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Experimental  Results. 

Since  the  alkaline  iodides  and  thiocyanates  have  a  liquefying  action  on 
gelatin  in  water,  it  was  assumed  that  this  might  be  due  to  peptization,  a 
subdivision  of  the  particles.  With  smaller  particles  of  gelatin  colloidally 
dispersed,  it  seemed  possible  that  a  more  coherent  layer  could  form  around 
the  oil  droplets  and  thus  lend  confirmation  to  Bancroft's  theory. 

Accordingly,  8  different  concentrations  of  gelatin  were  made,  varying 
from  0.3  g.  to  1 .0  g.  per  100  cc.  of  solution,  and  these  were  all  made  0.5  M 
with  sodium  iodide,  sodium  chloride  and  sodium  nitrate  as  liquefying 
salts  and  0.5  M  with  the  tartrate,  citrate  and  sulfate  of  sodium  as  solidi- 
fying salts. 

It  was  found  that  with  the  liquefying  salts  more  than  0.8  g.  of  gelatin 
per  100  cc.  did  not  serve  as  well  in  stabilizing  the  emulsions  as  did  lower 
concentrations.  But  with  solidifying  salts,  which  of  course  increase 
the  viscosity  of  the  liquid,  the  greatest  permissible  concentration  of  the 
gelatin  was  much  lower,  not  above  0.6  g.  per  100  cc.  This  seemed  to 
point  towards  a  favorable  viscosity,  no  matter  how  secured,  as  important. 

In  Table  I,  the  most  generally  suitable  concentration  of  gelatin,  0.75 
g.  per  100  cc.,  was  used,  and  the  influence  of  liquefying  salts,  solidifying 
salts,  acids  and  bases  studied  in  concentrations  ranging  from  M/256  to 
molar. 

Table  I. 
Condition  of  emulsion  in  three  or  four  months. 


Gelatin 
per  100  cc. 
solution.   G 

Blee- 
1.     trolyte. 

Moles  of  electrolyte  per 

liter. 

None. 

»/».  Vim. 

v«.  v». 

Vis,  Vs. 

V4,   VS. 

1. 

O.40 

Nal 

good 

good 

good 

fair 

fair 

poor 

0.75 

Nal 

good 

good 

good 

fine 

good 

poor 

I. OO 

Nal 

fair 

fair 

fair 

fair 

fan- 

fan- 

O.4O 

Na^SO* 

good 

good 

good 

fine 

good 

fair 

O.75 

Na£0« 

good 

good 

fair 

fair 

poor 

bad 

I. OO 

Na£0« 

fair 

fan- 

fair 

poor 

bad 

bad 

0.75 

Nal 

good 

good 

good 

fine 

good 

poor 

0.75 

NaBr 

good 

good 

good 

fine 

good 

poor 

0.75 

NaCl 

good 

good 

good 

fine 

good 

poor 

075 

NaNOi 

good 

good 

good 

fine 

good 

poor 

075 

NaQNS 

good 

good 

good 

fine 

good 

poor 

075 

NajSO* 

good 

good 

fair 

fan- 

poor 

bad 

075 

Na  acetate 

good 

good 

good 

fair 

fan- 

poor 

075 

Na  tartrate 

good 

good 

fair 

fair 

poor 

bad 

075 

Na  citrate 

good 

good 

fan- 

fan- 

poor 

bad 

0.75 

HO 

good 

good 

good 

poor 

bad 

none 

075 

HNO. 

good 

good 

good 

poor 

bad 

none 

0.75 

H  acetate 

good 

good 

good 

good 

fan- 

fair 

0.75 

CUCCOOH 

good 

good 

good 

poor 

bad 

none 

0.75 

NaOH 

good 

good 

good 

fan- 

bad 

none 

0.75 

LiOH 

good 

good 

good 

fair 

bad 

none 
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This  table  makes  plain  the  fact  that  liquefying  salts  in  0.5  M  con- 
centration permit  the  formation  of  good  emulsions  with  gelatin  as  the 
agent  but  solidifying  salts  in  the  same  concentrations  cause  the  formation 
of  poor  emulsions.  An  excess  of  any  acid  and  especially  strong  acids 
and  bases  makes  the  emulsions  very  poor. 

Surface  Tension. — To  study  the  surface  tension  at  the  gel-oil  interface, 
the  cold  gels,  made  up  as  for  emulsions,  but  allowed  to  cool  without  the 
addition  of  oil,  were  put  into  the  shaking  machine  and  shaken  for  about 
5  minutes,  which  was  enough  to  break  completely  the  structure  of  the 
gels  and  make  them  about  as  mobile  as  water.  The  gel  was  then  poured 
into  a  test-tube  and  drop  numbers  taken  by  passing  oil  through  the  gel 
from  a  Donnan  pipet.  The  drop  numbers  obtained  are  found  in  Table 
II.  Since  duplicate  drop  numbers  sometimes  varied  as  much  as  2,  we 
made  no  attempt  to  carry  our  density  determinations  or  the  surface  ten- 
sion calculations  beyond  2  figures. 

Harkins1  determines  surface  tension  by  means  of  the  formula 
T=  <M  —  m)g/2wff{r/VH), 
where  m  is  the  weight  of  a  drop  of  oil,-M  is  the  weight  of  an  equal  volume 
of  the  water  phase,  g  is  the  gravitational  factor,  4  is  the  radius  of  the 
pipet  tip,  f(r/VH)  is  a  small  function  of  the  radius  of  the  tip  with  the 
cube  root  of  the  volume  of  the  drop.  With  the  same  tip  used  throughout 
we  can,  for  comparison,  reduce  the  equation  to 

T  _  k  (density  water  phase)  —  (density  oil) 
drop  number 

This  introduces  an  error  less  than  0.5%  between  our  extreme  values. 
This  is  much  less  than  our  experimental  errors,  and  so  is  the  formula 
adopted  in  calculating  relative  surface  tensions  for  gels  made  up  with 
half  molar  salts. 

Under  no  conditions  does  gelatin  compare  with  soap  in  ability  to  lower 
the  surface  tension  of  water. 

When  an  electrolyte  was  present  no  change  in  surface  tension  was  ob- 
served unless  the  concentration  of  electrolyte  was  at  least  eighth  molar. 

Acids,  bases  and  liquefying  salts  slightly  lowered  surface  tension  at 
the  gel-oil  interface  while  solidifying  salts  raised  it  slightly. 

As  we  increased  gelatin  from  o  g.  to  one  g.  per  100  cc.  of  water,  the  sur- 
face tension  rapidly  fell  until  the  0.30  g.  content  was  reached  and  then 
remained  constant  from  0.30  g.  to  1 .0  g.  On  the  other  hand,  a  series  of 
oil-water  emulsions  containing  respectively,  0.1,  0.2,  0.3,  0.4,  0.5, 
0.6,  0.7,  0.8,  0.9  and  1.0  g.  of  gelatin  per  100  cc.  of  water  increased 
in  stability  rapidly  up  to  the  0.3  g.  content,  but  at  0.6  g.  or  0.7  g.  began 
to  fall  off  again. 

1  Harkins,  This  Journal,  41, 520  (1919). 
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Table  II. 


Gelatin  per 

Drop  number  of 

Relative  sur- 

100 cc     G. 

Electrolyte. 

half  molar  solution. 

Density. 

face  tension. 

None 

Water 

20  (for  pure  water) 

I. OO 

IOO 

o.75 

Water 

27 

I. OO 

73 

0.40 

Nal 

35 

I.06 

74 

075 

Nal 

39 

I.06 

67 

1. 00 

Nal 

40 

I.06 

65 

0.40 

NasSO« 

35 

I.06 

74 

o.75 

Na,SO« 

32 

I.06 

81 

0.75 

Nal 

39 

I.06 

67 

075 

NaNO, 

34 

I.03 

68 

0.75 

NaCl 

3i 

I.02 

7i 

075 

NaCNS 

34 

I.02 

65 

0.75 

Na,SO« 

32 

I.06 

81 

0.75 

NaAc 

28 

I.03 

82 

075 

NaTart 

32 

I.06 

81 

0.75 

HNO, 

34 

I.02 

65 

075 

HAc 

32 

I. OI 

66 

0.75 

NaOH 

35 

I.03 

64 

We  must  conclude  from  these  results  that  the  ability  of  gelatin  to  lower 
the  surface  tension  of  water  from  a  relative  100  to  73  is  not  a  negligible 
factor  in  emulsification. 

Adsorption  Films. — We  found  no  evidence  that  as  the  oil  content 
increased  the  gelatin  content  also  had  to  be  increased  to  secure  an  equally 
good  emulsion.  Pickering,  on  the  other  hand,  found  that  increasing 
proportions  of  oil  demanded  increasing  proportions  of  soap.  In  our  work 
it  appears  that  a  definite  gelatin  content  can  be  selected  that  makes  the 
best  emulsion  for  any  oil  content. 

Thus  10  cc.  of  a  0.6  g.  gelatin  per  ioo  cc.  M/2  sodium  iodide  gave 
us  fine  emulsions  with  20,  30,  40,  60,  and  even  90  cc.  of  oil.  The  last 
emulsion  was  90%  of  oil,  very  rich.  The  use  of  0.8  g.  of  gelatin  per  100 
cc  resulted  in  poorer  emulsions  for  all  oil  mixtures  and  emulsions  using 
1.2  g.  gelatin  per  100  cc.  were  worse  yet. 

Had  there  been  dny  concentration  by  adsorption  around  the  oil  drop- 
lets the  liquid  below  the  cream  should  have  been  poorer  in  gelatin  than 
the  original  solution.  To  test  this  we  withdrew  5  cc.  from  the  lower 
layer  and  analyzed  for  nitrogen  by  the  Kjeldahl  method.  Even  with 
the  most  dilute  gelatins  analysis  showed  a  loss  of  only  0.0008  g.,  which 
meant  nothing,  since  in  making  emulsions  we  did  not  attempt  accuracy 
beyond  one  part  in  a  thousand. 

Viscosity. — We  had  some  difficulty  in  measuring  the  viscosity  of 
gelatin-water.  It  was  impossible  to  draw  up  the  gels  in  a  pipet  and  measure 
time  of  outflow  with  accuracy  for  the  structure  of  the  gel  was  so  altered 
in  drawing  it  up  that  successive  determinations  varied  by  100%.    The 
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following  was  the  method  finally  adopted.    Although  not  extremely 
accurate,  it  served  very  well  for  comparative  results. 

We  made  up  the  gel  as  for  the  emulsion  but  placed  in  in  the  shaking 
machine  without  the  addition  of  oil  and  gave  it  30  minutes  shaking.  This 
shaking  was  necessary  as  without  it  the  gel  was  not  homogeneous  on 
cooling,  and  gave  discordant  results  or  at  times  clogged  the  pipets.  The 
gels  were  then  placed  in  a  thermostat  at  21 .5°.  =»=  0.020  and  kept  there 
for  28  hours.  The  tip  of  a  short  pipet  was  then  carefully  lowered  into 
the  gel  and  the  time  it  took  to  fill  the  pipet  under  a  suction  of  245  mm.  of 
water  was  measured  by  means  of  a  stop-watch.  The  pipet  was  of  5  cc. 
capacity  with  the  stem  cut  off  short  and  the  tip  drawn  down  to  a  0.35 
mm.  opening. 

Tablb  III. 

Effect  of  Electrolytes  on  the  Viscosity  of  Gelatin. 

Molar  strength. 

Seconds,  time  of  flow  into  pipet. 


Gelatin 

per  100      E1ec- 
cc.   G.     trolyte. 

O.OO  H|0 

0.40  Nal 

0.75  Nal 

1. 00  Nal 

0.40  NajSO* 

0.75  NajSO* 

1. 00  NajSO* 

NaCl 

NaNO, 

NaCNS 

NaAc 

NaTart 

NaCit 

HC1 

HNOi 

HAc 


VtM.       VlSi.  »/«. 


0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 
0.75 


None. 

195 

19.0  19.6      19.2      19.6      19.4 

68.1    74.0     68.9     54.4 

1039.0  912.4  695.7  640.9  385.1 

20.3     19.9     19.4     19.5     19.7 
66.3     69.2     82.9     82.8     87.4 
1 000.0  (approx.) 

60.  i     55.0    81.2 
75.8    84.3     75.7 

76.9 

76.7 


»/«.      »/i«.      i/g. 


»A. 


1. 


19.2 

335 

108.4 

19.6 

90.4 


195 
20.2 
23.6 
20.2 


20.0 
20.2 
20.3 
21.8 


126.8   312.2 


773 
58.1 

572 
79-2 


84.3 
79.8 
71.6 
69.8 
47.8 
19.6 
19.6 
450 


CUCCOOH   19.5 

NaOH  21.3 

LiOH  72.0     19.5 


52.9 

197 
19.7 
22.0 
195 
19.0 


76.6 
70.8 
63.1 
85.8 
90.2 
61. 1 
19.2 
19.2 
19.6 


81.8 
64.8 
52.6 

89.4 


65.0  51.3  26.8 

48.6  30.8  19.6 

29.6  20.0  19.4 

919   180.5 

91.9  104.9  335-0  1042.3 

71. 1     88.4  124.7  692.3 

19.5     194  19.5  19.3 

19.5     19.4  19.5  19.3 

19.4     19.5  19.6  20.0 


20.9 

2i~4 
21.4 

21  JO 

20.9 
20.8 
20.2 
20.0 

19.8 

297.0  527-0 

21.5 
32.9 
19.3 
19.3 
19.6 


19.4    19.3    19.1     19.0 


194    19.7 


Sodium  tartrate,  citrate,  and  sulfate  in  molar  concentration  precipi- 
tate the  gelatin,  leaving  a  liquid  as  fluid  as  water.  Pure  water  ran  into 
the  pipet  in  19 . 5  seconds  and  molar  sodium  iodide  (no  gelatin)  ran  through 
in  about  one  second  more.  Half  molar  liquefiers  or  strong  acids  of  any 
concentration  reduce  the  viscosity  of  the  gelatin  solution  nearly  to  that 
of  water. 

Although  the  viscosity  measurements  are  rather  rough,  still  it  is  notice- 
able that  all  salts  when  present  in  less  than  M/32  concentration  tend  to 
stiffen  the  gelatin  slightly.  Loeb1  calls  attention  to  the  fact  that  if  only 
1  I<oebt  /.  Biol.  Ckem.,  33,  531  (1918). 
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dilute  salts  are  used  or  if  the  excess  is  washed  out,  sodium  chloride,  bro- 
mide, iodide,,  nitrate,  sulfate,  acetate,  tartrate  and  citrate  all  increaat 
the  swelling  of  his  gelatin.  That  is,  if  the  excess  of  salt  is  washed  out, 
the  salts  do  not  follow  the  Hofmeister  order  which  rules  that  the  first 
salts  mentioned  cause  more  swelling  than  pure  water  and  that  the  latter 
cause  less,  but  they  all  have  the  same  effect.  Where  we  are  using  0.75 
g.  of  gelatin  per  100  cc.  we  also  notice  that  all  salts  when  dilute  have  a 
similar  effect.  However  this  stiffening  produced  by  the  dilute  liquefying 
salts  is  very  slight. 

By  comparing  Tables  I  and  II  and  III  with  the  other  data,  we  see  that 
the  ability  of  gelatin  to  make  a  good  emulsion  can  be  summed  up  in  the 
statement  that  provided  that  at  least  o .  3  g.  of  gelatin  per  100  cc.  of  solu- 
tion is  used,  any  gel  of  less  than  40  seconds  flow  will  make  an  excellent 
emulsion,  any  gel  of  less  than  100  seconds  flow  will  make  a  good  emulsion. 
The  farther  above  this  value  we  go  the  poorer  the  emulsion.  On 
the  other  hand,  we  cannot  use  strong  acids  above  M/16  or  strong 
bases  above  M/8,  or  salts  above  o. 75  M.  In  other  words,  the  liquefying 
must  not  be  carried  too  far.  Whether  the  gel  is  made  too  stiff  by  an 
excess  of  gelatin  or  by  the  presence  of  much  solidifying  salt  the  emulsion 
is  much  poorer.  Since  this  is  true  no  matter  how  surface  tension  varies 
we  believe  that  viscosity  plays  the  dominant  part  in  the  stability  of 
gelatin  emulsions. 

All  these  stability  tests  required  long  standing.  For  a  final  test  we 
added  oil  in  small  portions,  shaking  intermittently  until  another  addition 
of  oil  broke  the  emulsion.    Table  IV  gives  the  results. 

Table  IV. 

Order  of  Breaking  of  Emulsions  on  Overloading  with  Oil. 

Grams  of  Gelatin  Per  100  cc.  of  Solution. 

0.1.       0.2  and  0.3.     0.4, 0.6  and  0.8.  1.2.         1.6.         2.4. 

Nal ist  2nd  3d  4th      5th      last 

HjO ist  2nd  3d  last      2d        ist 

NatSO< ist  2nd  last  3d        2d        ist 

When  a  gel  was  highly  liquefied  by  sodium  iodide  the  most  concentra- 
ted gelatin,  2 .4  g.  per  100  cc.,  was  the  last  to  break,  that  is,  we  were  able 
to  add  more  oil  to  it  than  to  any  other  before  breaking.  With  no  salt 
present  the  same  gelatin  content  of  2 .4  g.  per  100  cc.  was  one  of  the  first 
of  the  whole  series  to  break.  In  the  absence  of  any  salt  a  gelatin  content 
of  1 . 2  g.  per  100  cc.  was  loaded  with  oil  as  heavily  as  any.  With  sodium 
sulfate  the  higher  gelatin  content  took  up  the  least  oil  before  breaking. 
It  is  to  be  noted  that  the  solutions  withstanding  the  greatest  overload- 
ing with  oil  are  not  those  giving  the  stablest  emulsions  as  measured  by 
long  standing.  It  is  clear  that  too  great  viscosity  is  just  as  prejudicial 
to  emulsion  stability  as  too  little.    The  viscosity  and  hydration  of  gela- 
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tin  are  closely  related.  Salts  and  acids  compete  with  gelatin  for  the 
water  present  but  they  also  peptize  gelatin.  It  must  be  that  both  degree 
of  hydration  and  size  of  peptized  particles  are  important  only  insofar 
as  they  secure  favorable  viscosity. 

Summary. 
When  kerosene  was  emulsified  in  water  by  the  aid  of  gelatin  it  was 
found  that: 

1.  The  maximum  lowering  of  surface  tension  should  be  secured.  This 
is  obtained  just  as  well  by  0.3  g.  or  0.4  g.  of  gelatin  per  100  cc  of  water 
as  by  1 .0  g.  Acids,  bases  and  liquefying  salts  also  lower  it  a  little  while 
solidifying  salts  raise  it. 

2.  Viscosity  must  not  be  increased  more  than  a  little  beyond  that  of 
water.  This  means  either  (1)  that  only  a  small  amount  of  gelatin  can 
be  used  or  (2)  that  the  gelatin  must  be  liquefied  by  the  proper  electro- 
lytes.   The  latter  method  yields  the  better  emulsion. 

3.  An  excess  of  acid,  base  or  liquefying  salt  should  not  be  used.  This 
probably  means  that  the  structure  of  the  gelatin  must  not  be  entirely 
destroyed  or  that  it  must  not  be  reduced  to  near  molecular  sizes. 

4.  There  is  no  convincing  evidence  that  gelatin  particles  are  withdrawn 
from  the  solution  to  form  adhesion  layers  about  the  oil  droplets. 

5.  There  is  no  evidence  that  as  the  oil  content  is  increased  the  gelatin 
content  must  also  be  increased  in  order  to  produce  as  good  an  emulsion. 
This  would  surely  be  the  case  were  adhesion  layers  formed  around  the  oil 
droplets.  One  gelatin  content  in  a  given  volume  of  water  can  be  selected 
that  will  make  the  best  emulsion  for  all  oil  contents. 

6.  The  leading  factor  in  oil-water  emulsification  with  the  aid  of  gela- 
tin is  viscosity,  not  the  maximum  but  the  most  favorable  viscosity.  These 
conclusions  refer  only  to  gelatin,  but  investigation  may  show  that  they 
apply  to  all  highly  hydrated  compounds. 

Obskum,  Ohio. 


NOTE. 
The  Separation  of  Iron  from  Aluminum  by  Precipitation  as  Prussian 

Blue.— In  Dr.  Ddgar  F.  Smith's  "Chemistry  in  Old  Philadelphia," 
it  was  suggested1  that  a  study  should  be  made  of  the  possibility  of  a  quan- 
titative separation  of  iron  from  aluminum  by  precipitation  as  prussian 
blue.  The  work  of  Robinson2  showed  that  double  and  triple  ferrocyanides 
of  magnesium,  aluminum  and  cerium  are  formed  when  solutions  of  the 
chlorides  of  these  metals  are  mixed  with  potassium  ferrocyanide.  He 
tried  only  0.5,  0.25  and  0.125  N  solutions. 

1  P.  47. 

1  Robinson,  J.  Chem.  Soc.,  95,  1356  (1909). 
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Acting  on  this  suggestion,  we  have  repeated  Robinson's  experiments 
and  have  attempted  to  prevent  the  formation  of  the  jelly  usually  ob- 
tained. Solutions  were  tried  ranging  in  concentration  from  0.25  to 
0.025  N.  Hydrochloric  add  was  added  in  concentrations  ranging  from 
N  to  0.01  N.  It  was  found  that  the  acid  retarded  the  formation  of  the 
jelly  increasingly  as  the  concentration  was  increased.  However,  there 
is  no  permanent  preventative  effect;  the  jelly  only  required  a  longer  time 
for  settling. 

After  the  addition  of  an  equimolecular  amount  of  potassium  ferro- 
cyanide  to  acid  solutions  of  aluminum  chloride  of  0.5,  0.05,  and  0.025  M 
concentration,  aluminum  hydroxide  was  precipitated  with  ammonium 
hydroxide;  but  instead  of  the  usual  flocculent  precipitate,  the  mass  set 
to  a  jelly.    Boiling  had  no  noticeable  effect. 

The  composition  of  the  jelly  from  aqueous  solutions  is  represented  by 
the  formula  KAlFe(CN)«.6H20;  that  of  the  jelly  from  ammoniacal  solu- 
tions, by  NH4AlFe(CN)«.6H,0.1 

The  precipitation  of  prussian  blue  from  a  ferric  solution  took  place 
immediately  in  the  presence  of  only  a  little  free  hydrochloric  acid,  but  a 
larger  amount  greatly  retarded,  or  even  prevented,  the  formation  of  the 
precipitate.  This  is  in  accordance  with  the  results  obtained  by  Vord- 
lander.* 

Means  of  coagulating  and  filtering  the  prussian  blue  thus  obtained 
were  then  tried.  The  work  of  Pappada*  and  that  of  Ishizaka4  show  that 
according  to  the  theory  of  Freundlich,  the  coagulating  effect  of  the  elec- 
trolytes depends  upon  the  atomic  weights  and  the  valences  of  the  active 
ions.  In  order  to  study  this  a  precipitate  of  prussian  blue  was  prepared 
by  adding  an  excess  of  ferric  chloride  to  an  aqueous  solution  of  potassium 
ferrocyanide;  this  was  considered  the  best  method  of  obtaining  true  in- 
soluble prussian  blue  of  the  composition  Fe4Fe(CN)«.  9H2O.*  This 
prussian  blue  was  a  negative  colloid  in  aqueous  solution.  Solutions  of 
the  following  salts  were  added  as  coagulators:  sodium  chloride,  barium 
chloride,  aluminum  chloride,  potassium  sulfate,  and  potassium  acetate. 
With  very  concentrated  solutions  of  these  substances  perfect  coagulation 
took  place  and  the  precipitates  settled  rapidly.  With  very  dilute  solu- 
tions, however,  a  distinct  difference  in  the  times  of  coagulation  was  de- 
tected. The  best  results  were  obtained  with  aluminum  chloride.  How- 
ever, free  hydrochloric  acid  greatly  retarded  coagulation  and  prevented 
it  from  being  complete.  After  coagulation  it  was  found  that  quantita- 
tive -filtration  was  impossible,  although  centrifuging  gave  good  results. 

1  Robinson,  loc.  cti. 

■  Vordlander,  Ber.,  46,  181  (1913);  C.  A.t  7,  1337  (1913);  *3»  1274  (1019). 

1  Pappada,  Z.  Chem.  Ind.  Koll.,  6,  83  (1910);  C.  A.t  4,  1706  (1910). 

4  Ishizaka,  Z.  physik.  Chem.,  83,  97  (1913);  C.  A.,  7,  2878  (1913). 

1  Roscoc  and  Schorlemmer,  "A  Treatise  on  Chemistry,"  4th  ed,  a,  1235-8. 
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Conclusions. 
The  quantitative  separation  of   iron  from  aluminum  as  prussian  blue 
Cannot  be  effected  because  the  aluminum  interacts  with  the  excess  ferro- 
cyanide,  forming  a  jelly  which  cannot  be  handled. 

The  precipitate  of   prussian  blue  cannot  be  successfully  filtered  even 
after  apparently  perfect  coagulation. 

Harrison  Hale  and  G.  O.  Burr. 

Favbtthvillb,  Arkansas. 


A  Thermo-regulator. — The  purest  mercury,  when  used  for  thermo- 
regulators,  becomes  dirty  in  the  capillary  tube  due  to  oxidation  by  the 
small  arc  formed  when  the  contact  is  broken  between  the  mercury  column 
and  the  adjustable  wire  contact.  Devices  are  used  for  passing  a  stream 
of  inert  or  reducing  gas  over  the  top  of  the  mercury  so  that  the  arc  will 
be  formed  in  the  presence  of  the  gas.  This  method  of  oxide  prevention 
requires  a  side  tube  on  the  regulator  and  an  apparatus  for  generating  a 

continuous  flow  of  gas.  I  have  found  a  much 
simpler  device  to  be  quite  as  effective  and  one 
which  can  be  used  on  old  regulators.  New 
regulators  can  be  better  fitted  by  a  slight 
modification  in  design. 

In  the  drawing  A  shows  the  capillary  of  a 
regulator  with  a  small  bulb  blown  at  a.    The 
wire  c  c  makes  a  contact  at  6.    A  small  capillary 
pipet  is  slipped  down  to  b  and  a  stream  of  some 
inert  gas  is  passed  in  to  displace  the  air  in  the 
capillary.    Then  the  capillary  is  sealed  with  a 
few  drops  of   mercury  in  a.    This   mercury 
rises  and  falls  with  the  rise  and  fall  of  b  but 
never  slips  down  to  connect  with  6.    Any  arc 
formed  between  the  wire   and  the  mercury 
column  at  b  is  in  the  presence  of  the  inert  gas. 
In  the  capillary  of  an  ordinary  regulator,  B, 
a  drop  of  mercury  at  e  seals  the  capillary.     I 
have  also  found  it  perfectly  satisfactory  to  insert  a  drop  of  mercury  in  the 
capillary  tube  without  first  displacing  the  air.    In  this  case,  the  oxygen 
soon  combines  with  the  mercury,  forming  a  small  amount  of  oxide.    Then 
the  regulator  can  be  permanently  set  and  the  arc  is  formed  in  an  atmos- 
phere of  the  nitrogen  which  remains.  J.  Fitch  King. 

Johns  Hopkins  Unxvbrsity, 
Qaltimo*8.  Mo. 
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[Contribution  from  thb  Chemical  Laboratory  op  the  University  op  Michigan.] 

THE  PREPARATION  OF  BENZYL  ESTERS  AND  OTHER  BENZYL- 
DERIVATIVES  FROM  BENZYL  CHLORIDE. 

By  M.  Gombsro  and  C.  C.  Buchlsr. 

Received  June  15,  1920. 

The  facility  with  which  carbon  tetrachloride,  benzotrichloride  and 
benzophenone  chloride  can  be  made  to  condense  with  various  derivatives 
of  the  aromatic  series,  with  the  aid  of  catalysts  and  often  without  them, 
suggested  the  idea  that  benzyl  chloride  also  might  be  brought  into  a 
wider  number  of  direct  combinations  than  has  been  done  hitherto,  diverse 
as  the  reactivity  of  benzyl  chloride  is  already  known  to  be.  The  sus- 
ceptibility of  benzyl  chloride  to  various  metals  has  been  observed  before.. 
Marussia  Bakunin  succeeded  in  inducing  condensation  of  benzyl  chloride 
with  phenol,1  and  with  a-  and  0-naphthol2  by  the  use  of  zinc  as  catalyst. 
Onufrowicz*  observed  that  benzyl  chloride,  heated  with  a  considerable 
amount  of  copper  at  110-140°,  gave  dibenzyl;  but,  as  hydrochloric  acid 
is  produced,  the  reaction  must  be  more  complicated  than  the  author 
judged.  In  technical  works  it  has  been  found  necessary  to  employ  dis- 
tilling vessels  with  the  interior  glass-enameled,  in  drder  to  avoid  the  cata- 
lytic influence  of  iron  which  may  otherwise  lead  to  explosive  decomposition 
of  the  chloride. 

A  trial  with  phenol  showed  us  that  benzyl  chloride  begins  to  react  with 
it  at  1 60-80°,  with  evolution  of  hydrogen  chloride.  The  addition,  how- 
ever, of  a  minute  quantity  of  copper  bronze  was  found  to  accelerate  the 
reaction  greatly,  and  a  temperature  of  1 15-20°  sufficed.  The  influence  of 
copper  was  next  tested  in  the  preparation  of  benzyl  esters.  Benzyl  chlo- 
ride was  heated  with  dry  sodium  benzoate  under  a  reflux  condenser  for 
from  6  to  10  hours,  but  even  in  the  most  successful  experiments  the  yield 
of  the  ester  was  only  10  to  18%.  However,  on  the  addition  of  a  small 
amount  of  copper  powder,  the  yield  rose  to  50  or  60%.  This  is  probably 
the  highest  yield  that  may  be  expected  in  this  reaction,  for  the  reason  that 
while  copper  undoubtedly  accelerates  the  reaction  between  benzyl  chlo- 
ride and  sodium  benzoate,  at  the  same  time  it  accelerates  the  decomposi- 
tion of  the  benzyl  chloride  itself.  As  a  matter  of  fact,  there  was  produced 
invariably  a  certain  amount  of  a  high-boiling  viscous  brown  mass.  A 
blank  experiment  with  benzyl  chloride  and  a  very  small  amount  of  copper 
powder  proved  definitely  that  the  above  mentioned  by-product  results 
from  the  decomposition  of  some  benzyl  chloride. 
Thus,  the  dry  method,  while  fairly  satisfactory,  was  found  to  have  its 

1  Bakunin  Gazz.  chim.  ital.,  [2]  33,  454  (1903). 

1  Bakunin  and  Barberio,  ibid.,  33,  457  (1903);  Bakunin  and  Altieri,  ibid.,  33,  487 
(1903). 

1  Onufrowicz,  Ber.t  17,  833  (1884). 
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limitations  as  regards  the  yield  of  ester.  The  addition  to  the  mixture  of 
benzyl  benzoate  as  a  solvent  was  without  noticeable  effect,  since  the 
amount  of  viscous  by-product  was  about  the  same  as  before.  Alcohol 
as  a  medium  for  this  sort  of  reaction  has  been  extensively  used  in  the  past 
Obviously,  for  large  scale  production,  water,  if  it  could  serve  the  purpose, 
would  be  preferable.  Benzyl  chloride,  while  generally  quite  reactive,  is 
nonetheless  remarkably  stable  towards  water  for  such  an  active  substance, 
and  can  even  be  distilled  with  steam.  It  owes  its  protection  against  rapid 
hydrolysis  to  the  fact  that  it  is  only  slightly  soluble  in  water;  this,  at  the 
same  time,  favors  the  reversibility  of  the  reaction  (I).  Since  this  is  the 
case,  it  seemed  probable  that  benzyl  chloride  would  give  esters  when  it 
•reacted  with  the  salts  of  organic  acids  in  aqueous  solution,  because  the 
benzyl  esters,  as  a  rule,  are  even  less  soluble  in  water  than  is  the  chloride, 
and,  consequently,  would  suffer  hydrolysis  at  a  rate  even  slower  than  the 
chloride.  Evidently  the  successful  preparation  of  esters  by  this  procedure 
is  contingent  upon  the  relative  velocities  of  the  3  principal  reactions. 
C«H6CH2C1  +  H20  =  CeHsCHjOH  +  HC1  (I) 

CeHsCHaCl  +  NaOCOR  =  C«H6CH,OCOR  +  NaCl  (II) 

C6H6CH2OCOR  +  H20  =  CeHsCHjOH  +  HOCOR  (III) 

It  should  be  feasible  to  determine  by  experiment  in  the  case  of  each 
individual  acid  just  what  are  the  most  favorable  conditions  as  regards 
time  and  temperature  of  reaction  in  order  to  get  the  highest  yield  of  ester 
according  to  this  procedure. 

Trials  with  sodium  benzoate  gave  quite  satisfactory  results.  Yields 
of  the  ester  up  to  70  or  80%  of  the  calculated  amount  were  readily  ob- 
tained, and  the  only  by-product  found  was  benzyl  alcohol.  Catalysts 
were  found  to  be  without  effect.  By  the  same  procedure  good  results 
were  obtained  with  acetic,  propionic,  butyric,  lactic,  phenylacetic  and 
cinnamic  acids;  fair  results  with  salicylic  and  succinic  acids;  no  ester, 
or  but  a  small  amount,  was  obtained  with  formic,  oxalic  and  0-phthalic 
acids.  We  have  not  attempted  at  this  time  to  determine  the  most  favor- 
able conditions  for  the  preparation  of  each  ester;  our  main  aim  has  been 
to  find  out  how  generally  applicable  this  method  is.  In  view  of  its  ap- 
parent simplicity,  it  is  strange  that  the  procedure  here  described  should 
have  failed  of  application  in  the  past.  We  have  found  only  one  instance 
where  it  has  been  employed.  Paal  and  Bodewig1  found  that  o-nitrobenzyl 
chloride,  when  heated  with  sodium  acetate  or  benzoate  in  alcohol,  gave 
only  relatively  small  amounts  of  the  ester,  but  in  water  good  yields  of  the 
esters  were  obtained,  and  in  each  case  the  product  was  free  from  unchanged 
benzyl  chloride. 
Some  additional  experiments  were  made  to  determine  to  what  extent 
1  Paal  and  Bodewig,  Ber.,  25,  2962  (1892). 
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it  may  prove  possible  to  employ  aqueous  solutions  in  the  coupling  of 
benzyl  chloride  with  phenols,  with  ammonia  or  with  amines,  and  in  the 
preparation  of  benzyl  cyanide  and  of  benzyl  alcohol.  The  results  obtained 
indicate  that  such  a  procedure  is  quite  feasible. 

Esters. 

Benzyl  Benzoate. — Claisen's1  method,  an  extension  of  the  Cannizzaro 
reaction,  has  been  the  standard  for  the  preparation  of  this  ester.  Benzal- 
dehyde,  heated  at  ioo°  with  a  small  amount  of  sodium  benzylate,  suffers 
intermolecular  condensation,  and  yields  benzyl  benzoate  as  the  principal 
product. 

2CH5CHO  — >   CiHaCOOCHjAHs. 
The  substitution   of  aluminum   alcoholate*  for   sodium  benzylate   can 
hardly  be  considered  as  ah  essential  modification.    Other  reactions  re- 
corded to  give  more  or  less  ester  are  interesting  from  the  theoretical  point 
of  view  only. 

The  advantage  of  the  Claisen  method  is  that  benzaldehyde,  almost 
entirely  free  from  chlorine  in  the  nucleus,  can  be  obtained  on  a  technical 
scale  fairly  readily,  certainly  more  readily  than  benzyl  chloride;  and  such 
aldehyde,  of  course,  would  yield  benzyl  benzoate  practically  free  from 
chlorine.  The  complaint  that  a  great  deal  of  the  ester  lately  on  the 
market  contained  considerable  amounts  of  chlorine,  suggests  either  that 
the  ester  has  been  made  by  the  Claisen  method  from  benzaldehyde  not 
sufficiently  free  from  chlorine-substituted  aldehydes,  or  that,  perhaps, 
it  has  been  made  through  the  interaction  of  benzyl  chloride  with  sodium 
benzoate.  If  the  latter  surmise  be  correct,  then  the  chlorine  in  the  ester 
may  have  come  either  from  an  admixture  in  the  reacting  mass  of  some 
chloro-substituted  benzyl  chloride,  or  of  some  chloro-benzoic  acid.  If 
this,  however,  were  the  only  source  of  chlorine  in  the  reaction  product, 
then  there  should  be  no  great  difficulty  in  separating  benzyl  benzoate  from 
these  higher  boiling  chloro-substituted  esters  through  fractional  distilla- 
tion in  vacuo.  But  the  separation  of  benzyl  benzoate  from  the  last  traces 
of  benzyl  chloride  is  not  readily  accomplished  merely  by  distillation. 
There  is  good  reason  to  believe  that  commercial  benzyl  benzoate,  if  it 
contains  chlorine,  owes  its  content  of  the  latter  not  so  much  to  the  pres- 
ence of  chloro-substituted  esters  as  to  the  presence  of  some  benzyl  chlo- 
ride, assuming  that  the  ester  was  made  directly  from  benzyl  chloride. 
A  similar  conclusion  has  been  reached  by  Braisaz3  concerning  the  source  of 
chlorine  in  benzyl  acetate  and  other  benzyl  derivatives  which  are  made 
directly  from  benzyl  chloride. 

1  Claisen,  Ber.,  20,  646  (1887);   Comp.  Earl  of  Berkeley,  /.  Chem.  Soc.,  109,  522 
(1910). 

»  Tisehtschenko,  /.  Russ.  Phys.  Chem.  Soc,  38,  355  (1906). 
•  Braisaz,  lion,  set.,  24,  384  (191 1). 


Digitized  by 


Google 


2062  M.  GOMBERG  AND  C.  C.  BUCHLER. 

We  do  not  know  whether  benzyl  benzoate  actually  has  been  made  on 
a  technical  scale  by  the  action  of  benzyl  chloride  on  sodium  benzoate. 
In  our  own  laboratory  experiments,  the  following  procedure  was  adopted. 
Benzyl  chloride  was  placed  in  a  flask  and  2  g.  in  excess  of  the  required 
amount  of  thoroughly  dried  sodium  benzoate  was  added.  Then  the 
mixture,  with  or  without  the  addition  of  the  catalyst,  was  heated  under 
a  reflux  condenser  in  a  metal  bath  until  no  appreciable  amounts  of  benzyl 
chloride  reached  the  condenser.  At  this  stage,  water  was  added  to  the 
solid  mass,  the  solution  was  made  alkaline,  and  the  ester  was  extracted 
with  benzene.  After  the  solution  was  dried  the  solvent  was  distilled 
and  the  residue  fractionated.  At  first  some  unchanged  benzyl  chloride 
usually  came  over,  then  the  temperature  rose  rapidly,  and  the  fraction 
between  3  20-330  °  was  collected  separately  aud  was  considered  as  prac- 
tically pure  ester,  its  boiling-point  being  323  °.  Some  dark-colored, 
heavy  oil  was  always  left  in  the  distillation  flask.  This  product  resulted 
from  the  catalytic  decomposition  of  benzyl  chloride  itself.  The  catalysts 
tried  were  copper  bronze,  of  which  in  each  experiment  only  a  few  mg. 
was  used,  and  nickel,  employed  as  nickel  chloride.  In  each  run  32  g. 
of  benzyl  chloride  was  used,  which  required  for  complete  reaction  36  g. 
of  sodium  benzoate,  while  the  amount  actually  employed  was  38  g.  The 
acid  which  did  not  enter  into  the  reaction  was  always  recovered  and  its 
quantity  determined;  this  served  as  a  check  upon  the  yields  of  the  ester 
as  actually  found  by  distillation.  The  yield  calculated  as  that  theoretically 
possible  was  based  upon  the  amount  of  the  benzyl  chloride  employed. 
Table  I  gives  a  summary  of  the  experiments.  In  Run  No.  8,  30  g.  of 
benzyl  benzoate  was  added  to  the  reaction  mixture  at  the  beginning  of 
the  experiment,  and  this  amount  was  subtracted  from  the  ester  recovered 
at  the  end  of  the  experiment. 

Table  I. 
38  G.  of  Sodium  Benzoate  and  32  G.  of  Benzyl  Chloride  Used  in  Each  Experiment. 

Temp,  of  Time  Yield  of  ester. 

Run  metal  bath.       of  run.  * * » 

No.  •  C.  Hr».  Catalyst.  G.  %. 

1 200-205  6  7.0  13.2 

2 200-230  6  IO. o  18.8 

3 Remixed  1.5  Cu  8.0  11. 3 

4 190-205  3  5  Cu  29.5  55  6 

5 190-205  6  Cu  24.0  45.2 

6 200-240  6  Cu  28.0  52.8 

7 235-260  6  Cu  28.0  52.8 

8a 250-^60  6  Cu  30.0  566 

9 190-300  3-5  Cu  32.0  60.3 

10 200-300  6  Cu  32.0  60.0 

11 200-210  5  NiClj  14.0  26.4 

a  Benzyl  benzoate  used  as  solvent. 

Thus,  with  the  aid  of  copper  as  catalyst,  yields  of  50  to  60%  of  the  ester 
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may  be  obtained  by  this  procedure.  The  ester,  however,  contains  some 
benzyl  chloride,  which  can  be  removed  only  by  subsequent  treatment  of 
the  ester  with  dil.  alkali.  Also,  it  contains  a  small  amount  of  the  high- 
boiling  product  which  results  from  the  decomposition  of  benzyl  chloride, 
which  accounts  for  the  fact  that,  in  distilling  the  ester,  the  boiling-point 
always  rose  a  little  above  that  for  the  pure  ester. 

The  esterification  experiments,  wherein  water  was  employed  as  a  solvent 
for  the  sodium  salt  of  the  acid,  were  carried  out  as  follows.  The  de- 
tired  amount  of  sodium  benzoate  was  dissolved  in  150  to  200  cc.  of  water, 
all  the  benzyl  chloride  was  added  and  the  mixture  was  heated  in  an  oil- 
bath  at  110-115°.  The  flask  was  connected  with  a  reflux  condenser  and 
carried  an  efficient  stirrer.  The  reaction  was  allowed  to  proceed  for  4  or 
5  hours,  although  it  seems  certain  that  a  shorter  time  would  have  sufficed. 
Then  the  ester  was  extracted  with  benzene,  the  solution  was  dried  and 
fractionated.  After  the  solvent  was  removed,  the  temperature  rose 
rapidly  and  remained  stationary  for  a  short  time  in  the  neighborhood 
of  the  boiling-point  of  benzyl  alcohol;  then  it  rose  again  and  remained  at 
3 10-15  °  until  practically  all  of  the  substance  had  distilled.  Hardly  any 
residue  remained  in  the  distilling  flask.  The  ester  was  free  from  benzyl 
chloride,  and  one  redistillation  under  reduced  pressure,  with  hardly  any 
loss  of  material,  gave  a  product  which  was  water-white,  free  from  un- 
pleasant or  pungent  odor,  and  gave  no  test  for  chlorine.  Table  II  gives 
a  summary  of  these  results.  It  will  be  noticed  that  in  Runs  1  to  6  the 
amount  of  sodium  benzoate  used  was  50%  in  excess  of  that  calculated; 
in  Runs  7  and  8,  200%  in  excess;  in  Rim  9,  the  benzyl  chloride  was  200% 
in  excess.  The  benzoic  acid  which  remains  unacted  upon  by  the  benzyl 
chloride  is  readily  recovered  from  the  aqueous  solution. 

Tabus  II. 

Sodium         Benryl  Temperature     Benzoic  acid      Yield  of  ester. 

Run  bensoate.      ehlorida.  of  oil-bath.        recovered.        * * » 

No.  G.  G.  °C.  G.  G.  %. 

1 27  16.5  IIO-II5  13  II  40 

2 36  21  IOO  17  22  63 

3* 55  32  50  41  3  6 

4 55  32  115-120  20  37  7o 

5 55  32  "5  21  37  70 

6 55  32  115  22  37  70 

7 no  32  115  70  42  79 

8 220  64  118  143  84  79 

9 29  75  no  14  17  40 

*  Much  sodium  benzoate  remained  undissolved. 

Benzyl  Acetate. — Conrad  and  Hodgkinson1  gave  explicit  directions 
for  the  preparation  of  benzyl  acetate.    They  advise  heating  anhydrous 
potassium  acetate  instead  of  sodium  acetate  with  benzyl  chloride  in  al- 
1  Conrad  and  Hodgkinson,  Ann.,  193,  299  (1878). 
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cohol  as  a  solvent.  Seelig1  substituted  glacial  acetic  acid  for  alcohol 
and  thereby  was  able  to  use  sodium  instead  of  potassium  acetate  with 
equally  good  results.  Still,  to  convert  150  g.  benzyl  chloride  required  200 
cc.  of  acetic  acid  and  25  to  30  hours  boiling.  Bodroux*  reduced  the  time 
of  reaction  by  employing  lead  instead  of  sodium  acetate.  He  thus  con- 
verted 80  g.  of  benzyl  chloride  into  the  acetate  in  one  hour  with  a  yield 
of  60%  of  the  pure  product.  Quite  recently,  Klever*  took  out  a  patent, 
which  suggested  the  use  of  glacial  acetic  acid  and  sodium  acetate,  but  in 
much  smaller  proportion  than  Seelig  used,  namely,  1.1  to  1.2  mol.  of  acid 
to  1  mol.  of  benzyl  chloride. 

We  found  that  benzyl  chloride  and  anhydrous  sodium  acetate,  with 
copper  as  catalyst,  and  without  the  use  of  a  solvent,  gave  from  30-40% 
ester  after  several  hours  of  heating.  But  when  the  salt  is  dissolved  in 
water  and  the  mixture,  thoroughly  stirred,  is  heated  as  described  for  the 
benzoate,  a  yield  of  80%  of  pure  acetate,  b.  p.  205-2 io°,  is  readily  se- 
cured. The  results  are  summarized  in  Table  III.  The  amount  of  sodium 
acetate  which  is  required  for  a  run  with  32  g.  of  benzyl  chloride  is  20.5 
g.  when  an  anhydrous  salt  is  taken;  the  amount  actually  used  is  given  in 

Col.  3. 

Tablb  III. 
32  G.  of  Benzyl  Chloride  Used  in  Each  Experiment. 

Sodium       Excess  Temp,  of  Time  Yield  of  ester. 

Run  acetate,     salt  used.         oil-bath.  of  run.  Catalyst  * * » 

No.  O.  G.  •  C.  Hrs.  or  solvent.  O.  %. 

1 36  16                  200  6  Cu  13  34.6 

2 36  16  180-200  5  HgCli  14  37.3 

3 36  16                  150  3  HgCli  19  50.6 

4 36  16  140-145  3  CuiCli  O  O 

5 30  10                110  7.5  HtO  25  66.6 

6 53  33                 115  8  HiO    •  30  80.0 

7 53  33                 "5  8  HtO  31  82.6 

8* 105  85                 115  8  HtO  8  21.5 

*  Not  enough  water  added  to  dissolve  all  of  sodium  acetate  used. 

Benzyl  Propionate. — Conrad  and  Hodgkinson4  prepared  this  ester 
from  potassium  propionate  and  benzyl  chloride  in  alcohol.  The  mixture 
was  boiled  from  30  to  40  hours.  It  can  be  prepared  much  more  readily 
if  an  aqueous  solution  of  the  salt  is  used.  Thus,  64  g.  of  the  acid  was 
dissolved  in  about  100  cc.  of  water,  neutralized  with  sodium  carbonate. 
32  g.  of  benzyl  chloride  was  added,  and  the  mixture  was  heated  as  de- 
scribed for  the  other  acids.  The  ester  possessed  a  most  agreeable  odor, 
and  boiled  at  220-230 °.    The  yield  was  85%. 

1  Seelig,  /.  prakt.  Chem.,  [2]  39,  164  (1889). 

*  Bodroux,  Bull.  soc.  chim.,  [3]  21,  288  (1899). 

*  Klever,  C.  A.t  9,  694  (1915);  Brit.  pat.  20,504. 

4  Conrad  and  Hodgkinson,  Ann.,  193,  311  (1878). 
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Benzyl  Butyrate.1 — This  ester  also  was  prepared  in  aqueous  solution, 
using  66  g.  of  acid,  neutralizing  and  adding  32  g.  of  benzyl  chloride,  37 
g.  of  the  ester  was  obtained,  i.  e.,  83%  yield.  The  ester  boiled  at  235- 
242  °.  The  butyrate,  similar  to  the  acetate  and  propionate,  possesses 
a  pleasant  aromatic  odor. 

Benzyl  Lactate. — This  ester  was  made  similarly  to  the  others.  An 
aqueous  solution  of  the  sodium  salt  containing  67  g.  of  lactic  acid  and  32  g. 
benzyl  chloride  gave  25  g.,  55%  yield,  of  ester  which  boiled  between  150 
and  1560  under  205  mm.  pressure.    It  is  practically  devoid  of  odor. 

Benzyl  Phenyl  Acetate. — This  ester  was  first  prepared  by  Slawick* 
and  later  Hodgkinson3  made  it  by  digesting  benzyl  chloride  for  a  week 
with  an  alcoholic  solution  of  phenyl  acetate.  By  the  method  here  de- 
scribed 49  g.  treated  with  12.6  g.  benzyl  chloride  gave  17  g.  of  ester, 
b.  p.  204-2 io°  under  20.5  mm.,  which  is  a  75%  yield.  23  g.  of  phenyl- 
acetic  acid  out  of  the  26  g.  excess  employed  was  recovered  from  the  aqueous 
solution. 

Benzyl  Cinnamate. — Grimaux's4  procedure  for  the  preparation  of 
this  ester  in  which  sodium  cinnamate  is  treated  with  benzyl  chloride  in 
alcohol,  gave  a  yield  of  only  40%  of  a  product  contaminated  with  ethyl 
cinnamate.  According  to  a  procedure  patented  by  Kalle  and  Co.,8 
solid  sodium  cinnamate  heated  with  benzyl  chloride  at  140-1700  gives 
good  yields  of  the  ester.  In  our  method,  40  g.  of  the  acid  dissolved  in 
100  cc.  water  was  neutralized  with  sodium  hydroxide  and  treated  in  the 
usual  manner  for  4  hours  with  13  g.  of  benzyl  chloride.  At  the  end  of 
the  experiment  34  g.  of  cinnamic  acid  was  recovered,  and  20  g.  of  the  pure 
ester,  boiling  between  240  and  244 °  under  25  mm.  pressure,  was  obtained, 
which  is  83%  of  the  amount  theoretically  possible,  calculated  on  the  quan- 
tity of  the  benzyl  chloride  employed. 

Benzyl  Salicylate. — This  ester,  patented  by  the  Aktien  Gesellschaft6 
for  use  as  a  fixateur  in  perfumery,  was  prepared  by  them  by  heating  dry 
sodium  salicylate  with  benzyl  chloride  at  1 30-1 40  °;  at  higher  tempera- 
tures, the  phenolic  hydroxyl  group  also  reacts.  We  obtained  the  same 
ester  by  the  use  of  aqueous  solutions.  Our  yields  varied  from  40  to 
45%,  the  ester  boiled  between  211  and  2140  under  22.5  mm.  The  use 
of  acetyl  salicylic  acid  instead  of  salicylic  acid  gave  no  better  yield.  In 
fact,  the  acetyl  group  was  removed  by  hydrolysis  during  the  process  of 
esterification. 

Dibenzyl  Succinate. — This  ester  received  considerable  attention  in 
1  Conrad  and  Hodgkinson,  Ann.,  193,  317  (1878). 

*  Slawick,  Ber.t  7,  1056  (1874). 

*  Hodgkinson,  /.  Mm.  Soc,  37,  485  (1880). 
4  Grimaux,  Z.  Chem.,  5,  157  (1869). 

•  Friedlaendtr,  6,  1234;  D.  R.  P.  127,649. 

•  Friedlaender,  6,  1108;  D.  R.  P.  119*463. 
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view  of  the  possible  existence  of  2  isomeric  esters  corresponding  to  the  2 
probable  tautomeric  modifications  of  the  chloride  of  succinic  anhydride. 
In  the  past  this  ester  has  been  prepared  by  a  variety  of  methods,  from 
benzyl  bromide  and  the  silver  salt  of  succinic  acid;1  from  benzyl  alcohol 
and  succinyl  chloride  at  high  temperatures,  or  from  benzyl  alcohol  and 
succinic  acid  at  i8o°.s  from  benzyl  iodide  and  silver  succinate.*  By 
all  these  methods  the  identical  ester,  m.  p.  49-50 °f  was  obtained.  By 
our  method,  in  aqueous  solution,  with  an  excess  of  sodium  succinate  and 
25  g.  of  benzyl  chloride,  boiled  for  7  hours,  we  obtained  13  g.  of  dibenzyl 
ester,  which  is  43%  of  the  theoretical  amount.  At  the  same  time  9  g. 
of  benzyl  alcohol  was  formed.  The  ester  was  distilled  under  highly  re* 
duced  pressure.    It  melted  without  further  purification  at  47-48  °. 

Several  other  acids,  with  which  only  one  or  two  runs  were  made,  gave 
the  following  results.  Oleic  acid,  about  a  45%  yield  of  ester,  distilled  under 
highly  reduced  pressure.    Formic,  oxalic  and  phihalic  acids  gave  no  ester 
Condensation  with  Phenols. 

The  condensation  of  benzyl  chloride  with  phenols  has  been  the  subject 
of  numerous  investigations.  Lauth  and  Grimaux,4  Sintenis,*  have  shown 
for  phenols,  and  Staedel,6  more  fully,  for  phenol,  a-  and  0-naphthols 
and  for  other  phenols,  that  benzyl  chloride  and  alkali  salts  of  phenols 
when  boiled  in  alcohol  react  and  give  the  corresponding  benzyl  ethers  of 
the  phenols  as  expected.  On  the  other  hand,  when  benzyl  chloride  acts 
upon  phenol,  or  upon  a-naphthol  or  0-naphthol  in  presence  of  small 
amounts  of  zinc  dust,7  or  in  presence  of  zinc  chloride,8  then  the  condensa- 
tion occurs  in  a  different  sense,  since  benzyl  phenols,  CeHsCHjCeH^OHfr), 
or  the  corresponding  benzyl  naphthols,  C«H*CHaCioHe(OH)  result. 

We  have  performed  some  experiments  in  aqueous  solution  which  bear 
upon  the  condensation  of  benzyl  chloride  with  phenols;  also  some  in 
the  absence  of  solvents,  and  some  with  and  without  catalysts.    As  re- 
gards the  experiments  with  alkaline  solutions  of  phenols,  one  would  have 
expected  scarcely  any  other  result  than  the  formation  of  benzyl  alcohol, 
if  the  weak  acid  character  of  the  phenols  and  the  consequent  hydrolysis 
of  their  salts  is  taken  into  consideration.    This,  however,  is  far  from  being 
the  case.    In  each  experiment,  the  32  g.  of  benzyl  chloride  used,  required, 
theoretically,  23  g.  of  phenol  or  38  g.  of  naphthol,  respectively,  while  the 
alkali  employed  was  exactly  equivalent  to  the  amount  of  phenol.    Other- 
1  Del  Zanna  and  Guareschi,  Gazz.  chim.  Ual.,  n,  256  (1881). 
1  C.  A.  Bischoff  and  A.  von  Hedenstr6m,  Ber.,  35,  4078  (190a). 
1 R.  Meyer  and  K.  Marx,  ibid.,  41,  2460  (1908). 

•  Lauth  and  Grimaux,  Ann.,  143,  81  (1867). 

•  Sintenis,  ibid.,  i6x,  337  (1872). 

•  Staedel,  ibid.,  2x7,  43  (1883). 

»  H.  Schiff,  Ber.,  5,  288,  435  (1872). 
8  Ad.  Liebmann,  ibid.,  15,  152  (1882). 


Digitized  by  VjOOQIC 


PREPARATION  OF  BENZYL  ESTERS.  2067 

wise,  the  procedure  was  similar  to  that  employed  in  the  esterification 
experiment.  The  phenol,  whenever  it  was  possible,  was  separated  by- 
means  of  water,  otherwise  a  mixture  of  the  phenol  and  benzyl  phenol  was 
separated  from  benzyl  ether  by  means  of  alkali,  in  which  the  benzyl  ethers 
are  insoluble.  The  final  separation  and  purification  was  accomplished  by, 
distillation  under  reduced  pressure  and  by  subsequent  crystallization  of 
solid  products.    The  results  are  summarized  in  Table  IV. 

Tabu*  IV. 

Yield  of. 

Temperature  Time  Catalyst         / * . 

Run  of  oil-bath,   of  run.  or  Ethers,     Bensyl- 

No.  Phenols.  G.  0°  C.  Hrs.  solvent.  %.    phenols,  %. 

i C«H»OH  25  100-105  3                 ...  . .  24 

2 C«HtOH  25  150-180  3                 ...  . .  30 

3 C«H|OH  25  115-120  3  Cu  ..40 

4 CeH»0H  25  140-145  3  Cu  ..35 

5 CeHjOH  35             105  1  H20  60 

6 C«H»OH  40            no  2  H20  61 

7 CsHjOH  26  120-125  8  Acetone 

8 CsHtOH  25            230  5  Toluene  13 

9 o-CioHtOH  40            105  2  HtO  8.5        20 

10 0-CioHrOH  54            no  2  HtO  5  50 

So  far  as  they  go,  these  results  indicate,  (i)  that  in  the  absence  of  solvents 
benzyl  chloride  acts  upon  phenol  at  1 50-1 80  °  and  gives  benzyl  phenol. 
In  presence  of  copper,  the  yields  are  much  better  and  the  reaction  tempera- 
ture need  not  exceed  1 15-1200;  with  zinc  as  a  catalyst,  even  room  tempera- 
ture suffices;1  (2)  that  in  aqueous  solution  quite  satisfactory  yields  of 
benzyl-phenyl  ether  are  obtained,  almost  as  good  as  those  with  alcohol 
as  a  solvent,  or  as  those  secured  by  the  electrolytic  reduction  of  phenyl 
benzoate;*  (3)  that  the  naphthols  in  aqueous  solution  also  give  some  of 
the  corresponding  ethers,  but  a  great  portion  is  converted  into  the  corre- 
sponding benzyl  naphthols — a  behavior  wholly  unanticipated.  If 
these  results  can  be  verified  by  further  experiments  it  would  seem  that 
0-naphthol  is  considerably  more  reactive  toward  benzyl  chloride  than 
a-naphthol  is.  This  unanticipated  behavior  of  the  naphthols  is  some- 
what akin  to  the  behavior  of  phenols  toward  carbon  tetrachloride  and 
chloroform  in  presence  of  concentrated  alkalies,  the  Reimer-Tiemann 
reaction. 

Benzyl  Chloride  and  Amines. 

Leaving  entirely  out  of  consideration  the  many  various  indirect  methods 
which  lead  to  the  formation  of  either  the  mono-,  the  di-,  or  the  tri-benzyl- 
amines  exclusively,  we  have  the  method,  usual  in  reactions  of  this  nature, 
which  consists  in  heating  alcoholic  ammonia  and  benzyl  chloride  in  a 

1  Marussia  and  Bakunin,  Gas*.  Mm.  ital.,  [2]  33,  454  (1903). 
1  C.  Mettler,  Bcr.,  38,  1752  (1905). 
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sealed  tube.1  Under  these  circumstances  a  mixture  of  the  3  amines  re- 
sults. The  tertiary  amine  constitutes  by  far  the  greatest  portion  of  the 
reaction  products.  Mason1  showed  that  benzyl  chloride  is  attacked 
by  a  cold  alcoholic  solution  of  ammonia.  He  employed  a  15%  alcoholic 
ammonia  solution.  When  he  allowed  a  large  excess  of  ammonia,  20  moL 
to  1  mol.  of  benzyl  chloride,  to  stand  for  5  days  and  subsequently  heated 
it  for  a  short  time,  he  obtained  a  combined  yield  of  the  3  amines  equal 
to  75%,  distributed  thus,  29%  to  the  mono-,  38%  to  the  di-,  and  8% 
to  the  tribenzylamine.  With  2  mol.  of  ammonia  to  1  mol.  benzyl  chloride, 
under  the  same  conditions,  practically  all  of  the  latter  was  converted 
into  tribenzylamine.  Trials  with  an  aqueous  solution  of  ammonium 
hydroxide  gave  us  indications  of  favorable  reaction,  and  the  substitution 
of  ammonium  carbonate  for  ammonia  gave  results  which  leave  no  doubt 
of  the  advantages  of  this  procedure.  When  only  5  mol.  of  ammonium 
carbonate  and  1  mol.  of  benzyl  chloride  were  heated  for  5  to  6  hours,  a 
combined  yield  of  80%  of  the  amines  was  obtained,  distributed  thus, 
16%  to  pure  mono-,  20%  to  di-,  and  44%  to  tribenzylamine.  The  separa- 
tion was  made  according  to  Mason's  method,  by  fractional  distillation 
under  reduced  pressure  and  by  crystallization  of  the  tribenzylamine  from 
alcohol.  It  seems  quite  probably,  that,  with  a  larger  excess  of  ammonium 
carbonate,  with  lower  temperature  and  longer  time,  the  relative  proportion 
of  the  primary  amine  may  become  larger. 

In  the  preparation  of  benzyl  derivatives  of  aniline  and  its  homologues 
in  aqueous  solution,  we  had  better  results  than  in  the  case  of  benzylamine, 
and,  by  varying  the  relative  proportion  of  aniline  and  benzyl  chloride, 
we  could  get  either  mono-  or  dibenzyl  aniline,  respectively,  as  the  principal 
product  of  the  reaction.  In  the  past  it  has  been  the  custom  to  use  the 
anhydrous  ingredients,  often  with  the  addition  of  solid  alkalies  and  to 
heat  these  under  pressure,  or  for  a  longer  period  in  open  flasks  at  lower 
temperatures. 

Except  for  the  patented  method  of  making  dibenzyl-m-toluidine,1 
we  are  not  aware  that,  prior  to  this,  aqueous  solutions  of  the  aromatic 
amines  have  been  employed  for  the  preparation  or  benzyl  anilines.  In 
Table  V  is  given  a  summary  of  the  results  we  obtained.  Theoretically, 
1  mol.  of  benzyl  chloride  requires  either  2  mols.  of  the  amine  or  1  mol.  of 
the  amine  plus  1/s  mol.  of  sodium  carbonate;  accordingly,  the  theoretical 
amounts  for  32  g.  of  benzyl  chloride  are  28  g.  of  the  hydrated  ammonium 
carbonate,  22  g.  of  aniline  and  28  g.  of  methyl  aniline  or  toluidine,  plus 
13  g.  of  sodium  carbonate. 

1  H.  Limpricht,  Ann.,  144,  305  (1867). 
1  Mason,  /.  Chem.  Soc,  63,  13 12  (1893). 
*  Friedlacnder,  6,  256;  D.  R.  P.  115,653. 


Digitized  by 


Google 


PREPARATION  Otf  BENZYL  ESTERS. 


2069 


Benzyl 

chloride. 

G. 

Temperature 

of  oil-bath. 

°C. 

Time 

of  run. 

Hrs. 

Yield  of  amine 

Monoben- 

zyl.  %. 

Diben- 
xyl,  %. 

Triben- 
xyl  %. 

32 

no 

55 

9 

9 

62 

32 

80-85 

5 

19 

18 

50 

96 

85-90 

6 

16 

20 

44 

32 

95-100 

4 

56 

21 

64 

95-100 

4 

13 

,60        " 

32 

95-100 

4 

90 

50 

95-100 

4 

76.6 

• 

50 

95-100 

4 

71.4 

Tablb  V. 

Benzyl      Ti 
(NH«),CO».HtO 

or  amine.  G. 

(NH«),CO>.H,0...  28 

(NH4)aCQ,.H20..  71 

(NH4)tC03.H20..  213 

CtHJtfH, 23 

C»H»NH2 23 

QHsNH.CHa....  27 

#>-CH,.C«H«NH,..  21.5 

m-CH,.CeH«NH,.  21.5 

Benzyl  Chloride  and  Sodium  Cyanide. 

From  the  time  of  Cannizzaro1  it  has  been  customary  to  use  alcohol 
in  carrying  out  the  reaction  between  benzyl  chloride  or  any  of  its  analogues 
and  sodium  or  potassium  cyanide,  for  fear  that  if  water  be  used,  hydrolyfcis  ' 
of  the  chloride  would  occur.    The  fear  is  not  ungrounded,  but,  we  think  ' 
it  is  exaggerated.     In  some  cases  it  has  been  observed2  that  the  addition  • 
to  the  alcohol  of  a  certain  amount  of  water  is  desirable,  not  merely  in : 
order  to  induce  greater  solubility  of  the  sodium  salt,  but  for  the  reason 
that,  otherwise,  the  reaction  is  likely  to  proceed  in  a  different  sense.     For 
the  preparation  of  benzyl  cyanide,  itself,  Meyer  and  Jacobson V  direct 
that  2  parts  of  alcohol  and  1  part  of  water  be  used.1    Unfortunately,  the: 
yield  of  the  cyanide  obtainable  under  such  conditions  has  not  been  indi- 
cated.    In  our  experiment  with  aqueous  solutions  of  sodium  cyanide  • 
we  obtained  yields  of  benzyl  cyanide  equal  to  50  and  60%.     In  the  ex-  - 
periments  given  in  Table  VI,  we  used  32  g.  of  benzyl  chloride  in  each 
case,  which  required,  theoretically,  12  g.  of  sodium  cyanide;  the  salt  was  ' 

Table  VI. 
32  G.  of  Benzyl  Chloride  Used  in  Each  Experiment. 

Yield  of  cyanide. 


Run 

No. 

I.. 
2.. 

3«. 

4- 
5-- 
6.. 
7-. 
8.. 

9-- 
10. . 
11.. 
12.. 


Sodium 

cyanide. 

G. 


24 
36 
36 
36 
24 
24- 
16 
16 
16 
16 
16 
16 


Temperature 

of  oil-bath. 

•C. 

70-75 
IIO-I15 

I05 
UO-115 

I05 

105 
IIO-II5 

105 

105 
102-105 

105 

I05 


Time 
of  run. 

Hrs. 

3 
4 

2 


G. 

5 
II 

15.5 
15 

10.5 
20 
155 
19  5 
17.5 
18 

13-5 
15 


17 
40 

53 

5i 

362 

70 

53 

67 

60 

63 

46.5 

51 


1  Cannizzaro,  Ann.,  96,  246  (1855). 

f  Br.  Radziszewski  and  P.  Wishek,  Ber.t  18,  1282  (1885). 

»  Meyer  and  Jacobson,  "Organischeri  Chemie/*  II,' 1,  597  (1902). 
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dissolved  in  ioo  cc.  of  water.  It  will  be  noticed  that  too  great  an  excess 
of  sodium  cyanide  seems  to  be  detrimental  rather  than  beneficial;  pre- 
sumably it  induces  hydrolysis  of  the  benzyl  cyanide  to  phenyl-acetic 
acid  as  well  as  some  benzyl  alcohol.  For  the  same  reasons,  prolonged 
boiling  should  be  avoided.  The  results  are  summarized  in  Table  VI. 
In  the  first  4  runs,  the  benzyl  chloride  was  added  all  at  one  time;  in  the 
remaining  runs,  it  was  added  from  a  dropping  funnel  during  the  course  of 
Vs  to  */a  hour.  The  reaction  seems  to  be  extremely  sensitive  to  the  in- 
fluence of  various  factors,  and  the  yields  of  the  cyanide  vary  in  different 
experiments,  notwithstanding  the  fact  that  these  experiments  have  been 
carried  out  under  as  nearly  identical  conditions  as  possible. 

Benzyl  Alcohol. 
Cannizzaro,1  in  1853,  showed  that  benzaldehyde  under  the  influence 
of  a  strong  solution  of  potash,  suffers  auto-oxidation  and  that  half  is 
converted  into  acid  and  half  into  alcohol.  This  reaction  still  continues 
to  serve  as  one  of  the  standard  methods  for  the  preparation  of  benzyl 
alcohol.  R.  Meyer2  substituted  water  for  alcohol  as  a  solvent  and  Missen- 
heimer*  improved  the  procedure  of  purification.  In  the  development  of 
the  methods  for  obtaining  the  alcohol  from  benzyl  chloride,  two  lines 
have  been  followed,  first,  the  direct  hydrolysis  of  the  chloride;  second, 
previous  conversion  of  the  chloride  into  an  ester,  usually  the  acetate, 
with  subsequent  hydrolysis  of  the  latter.  For  obtaining  it  by  the  indirect 
method,  Cannizzaro4  used  alcoholic  potash  for  saponification  of  the 
acetate.  Seelig*  used  the  same  substance  but  only  1  mol. ;  and,  recently, 
Klever*  patented  a  process  of  hydrolyzing  the  ester  by  means  of  water 
containing  sodium  acetate  or  sodium  carbonate.  In  this  connection, 
Mettler's7  indirect  method,  one  possibly  of  wide  application,  may  also  be 
mentioned.  It  consists  in  the  electrolytic  reduction  of  the  esters  of  benzoic 
acid  to  benzyl  alcohol. 

The  hydrolysis  of  benzyl  chloride  directly  to  the  alcohol  has  also  re- 
ceived considerable  attention.  Lauth  and  Grimaux8  boiled  the  chloride 
for  a  short  time  with  water  containing  freshly  precipitated  lead  oxide; 
Niederist9  boiled  it  with  water  alone  for  a  long  period;  Meunier10  used  one 

1  Cannizzaro,  Ann.,  88,  129  (1853). 

'  R.  Meyer,  Ber.,  14,  2390  (1881);  see  also  Kohn  and  Tranton,  /.  Chem.  Soc.,  75, 

"55  (1899). 

•  Missenheimer,  Ber.,  41,  1420  (1908). 
4  Cannizzaro,  Ann.,  96,  246  (1855). 

1  Seelig,  /.  prahl.  Chem.,  [2]  30,  166  (1889). 

•  C.  A.,  o,  694  (1915) ;  Brit.  Pat.  20,504.  ' 
T  Friedlaender,  8,  144;  D.  R.  P.  1 66, 181. 

•  Lauth  and  Grimaux,  Ann.,  143,  81  (1867). 
9  Niederist,  ibid.,  196,  353  (1879). 

19  Meunier,  Bull.  soc.  Mm.,  38,  159  (1882). 
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mol.  of  potassium  carbonate  in  10  parts  of  water;  and,  lately,  Klever1 
patented  a  procedure  wherein  benzyl  chloride  is  heated  in  the  presence  of 
an  excess  of  water,  intimately  mixed  with  magnesium  hydroxide,  or  hy- 
droxides of  alkaline  earths,  or  other  basic  hydroxides;  also,  by  heating  the 
chloride  with  water  and  alkaline  carbonates.1  Although  the  ground  ap- 
peared to  be  fairly  well  covered,  it  seemed  not  without  interest  to  make 
a  few  trials  to  obtain  benzyl  alcohol  directly  from  the  chloride  according 
to  our  procedure,  and  to  determine,  if  possible,  under  what  conditions  of 
hydrolysis  the  most  favorable  yields  of  the  alcohol  may  be  expected.  The 
results  are  summarized  in  Table  VII. 

Tabu*  VII. 

32  G.  of  Benzyl  Chloride  Used  in  Each  Experiment. 

Temperature      Time       Yield  of  alcohol. 

Run  of  oil-bath,      of  run.      * * » 

No.  Alkali.  G.  °  C.  Hrs.  G.  %. 

I NaiB^.ioHiO         144  1 10-1 138  4  15 

2 NatCOi  40  110-115  10  18  66 

3 NatCd  40  110-115  6  21  78 

4 NasCOt  26  110-115  4  20.5  76 

5 NatCOt  26  110-115  2.5  22  81.5 

6                            fNatCOi  13  110-115  2  22  81.5 

\NaOH  10 

7 NaOH  20  120-123  '     1  21.5  80 

Obviously,  the  data  at  hand  are  not  sufficient  to  warrant  drawing  very 
definite  conclusions.  Nevertheless  the  results  indicate  (a)  that  the  shorter 
the  period  of  boiling  during  hydrolysis,  the  better  the  yield  of  the  alcohol, 
presumably  because  there  is  likely  to  be  less  oxidation  of  the  alcohol  to 
aldehyde  and  acid;  (6)  that  it  is  preferable  to  employ  sodium  hydroxide 
rather  than  the  carbonate,  as  the  hydrolysis  will  thus  be  completed  in  a 
briefer  period. 

Summary. 

(i)  It  has  been  shown  that  benzyl  chloride,  heated  with  the  dry  salts 
of  various  organic  acids  in  the  presence  of  copper  as  a  catalyst,  gives  fair 
yields  of  the  corresponding  esters.  Some  benzyl  chloride  is  lost  through 
decomposition  under  the  influence  of  the  catalyst. 

(2)  The  same  benzyl  esters  may  be  obtained  in  purer  state  and  in 
better  yields,  up  to  85%,  when  benzyl  chloride  and  aqueous  solutions  of 
the  salts  of  the  corresponding  acids  are  heated  and  thoroughly  stirred  at 
the  same  time. 

(3)  Benzyl  chloride  condenses  with  sodium  phenolates  in  "aqueous 
solution  and  gives  fair  yields  of  mixtures  of  benzyl  ethers  'and  benzyl 
phenols;  the  formation  of  the  latter  under  these  circumstances  is  surprizing. 

(4)  Benzyl  chloride  gives  good  yields  of  mono-,  di-,  and  tribenzyl  amines 
1  Rlever,  C.  A.t  8,  2781  (1914) ;  Fr.  Pat.    462,438. 

•  C  A.,  g,  694  (1915).  Brit.  Pat.  20,504 
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when  heated  with  aqueous  solutions  of  ammonium  carbonate;  good  yields 
of  the  corresponding  benzyl  anilines  when  treated,  similarly,  with  aniline, 
methyl  aniline,  toluidine,  etc. 

(5)  Benzyl  cyanide  is  obtainable  in  50  to  60%  yields  from  benzyl 
chloride  and  sodium  cyanide  in  aqueous  instead  of  alcoholic  solution. 

(6)  It  has  been  shown  what  conditions  of  procedure  are  likely  to  prove 
most  serviceable  in  the  hydrolysis  of  benzyl  chloride  to  benzyl  alcohol. 

Ann  Arbob,  Michigan. 


[Contribution  from  thk  Department  of  Chemistry,  Yale  University.] 

THE  INTERACTION  OF  CARBON  DISULFIDE  WITH  AMMONIUM 

CARBONATE. 

By  Francois  A.  Gilpillan. 

Received  July  2,  1920. 

The  work  described  in  this  paper  represents  one  phase  of  an  extensive 
investigation  now  in  progress  in  the  Sheffield  Laboratory,  dealing  with  the 
chemistry  of  carbon  disulfide,  and  was  undertaken  by  the  writer  at  the 
suggestion  of  Professor  Treat  B.  Johnson.1 

In  the  development  of  the  researches  on  pyrimidines  and  hydantoins 
which  have  been  conducted  in  the  above  laboratory  for  several  years,  a 
wide  use  has  been  made  of  thio-urea  for  the  synthesis  of  a  great  number  of 
new  combinations  in  these  2  cyclic  series  of  organic  compounds.  The 
reagent  has  been  used  in  large  quantities  for  this  work,  and  the  largest 
proportion  of  it  has  been  prepared  by  co-workers  in  the  laboratory  by 
molecular  rearrangement  of  ammonium  thiocyanate.  The  yield  so  ob- 
tained is  not  satisfactory,  the  best  result  that  one  can  expect  to  obtain 
being  about  25%.2  Evidence  has  been  obtained,  however,  which  indi- 
cates that  the  velocity  constant  of  the  reversion  of  these  2  isomers  is  a 
varible  factor,  and  that  the  equilibrium  percentage  of  thio-urea  is  in- 
fluenced, not  only  by  the  presence  of  other  salts,  but  is  also  concerned 
with  other  important  experimental  factors  or  conditions  which  are  not 
well  understood.8 

Inghilleri4  has  recently  described  in  a  paper  entitled,  "A  New  Process 
for  the  Preparation  of  Ammonium  Sulphocyanate  and  Thio-urea,"  a 
method  for  synthesizing  thio-urea,  which  gives,  according  to  him,  prac- 

1  In  our  future  work,  we  will  take  up  the  study  of  high  temperature  reactions  with 
carbon  disulfide,  the  influence  of  catalysts  on  well  known  reactions  of  this  reagent  which 
proceed  with  slow  velocity,  and  also  an  investigation  of  photochemical  influences  at 
low  and  high  temperatures.     (T.  B.  J.) 

2  Reynolds  and  Werner,  /.  Chetn.  Soc,  83,  I  (1903). 

8  Atkins  and  Werner,  ibid.,  101,  1982  (1912);  Johnson,  Hill  and  Bailey, 
This  Journal,  37,  2406  (1915);  Claus,  Ann.,  179,  128  (1875);  Waddell,  /.  Phys.  Chem., 

2>  525  (1898). 

4  Inghilleri,  Gazz.  Mm.  ital.,  39,  634  (1909).  ... 
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tically  quantitative  yields  of  this  reagent.  The  method  is  based  on  the 
reactions  which  take  place  when  carbon  disulfide  is  heated  with  ,am- 
monhim  carbonate.  According  to  Inghilleri  the  complete  transformation 
proceeds  in  3  stages,  as  follows,  first,  carbon  disulfide  adds  ammonia 
with  formation  of  ammonium  dithiocarbamate  (I);  second,  this  salt 
then  loses  hydrogen  sulfide  with  formation  of  ammonium  thiocyanate 
(II) ;  and  third,  the  thiocyanate  undergoes  quantitative  conversion  into 
thio-urea  (III). 

NH2CS.S.NH4  — >  NH4SCN  — >  CS(NH2)a 
(I).  (II).  (HI). 

The  first  change  is  brought  about  by  heating  at  ioo°  to  no°,  the  second 
from  1200  to  1300,  and  the  third  by  heating  at  1600.  By  heating  at  1600, 
he  states  that  syw-diethyl-thio-urea  melting  at  77  °  is  formed  instead  of 
thio-urea,  if  alcohol  is  present  in  the  mixture. 

The  quantitative  formation  of  thio-urea  by  application  of  Inghilleri's 
method  of  synthesis  incited  an  interest  in  its  practical  application,  not 
only  because  it  offered  an  easy  method  of  obtaining  this  reagent  in  quantity, 
but  because  it  revealed  for  the  first  time  experimental  conditions  which 
not  only  are  productive  of  a  pronounced  increase  in  the  velocity  of  change, 
but  also  lead  to  the  maximum  equilibrium  percentage  of  thio-urea  thus 
far  obtained.1 

In  order  to  determine  whether  the  products  of  reaction  formed  by  heat- 
ing carbon  disulfide  with  ammonium  carbonate,  according  to  the  condi- 
tions of  Inghilleri's  experiments,  contribute  to  the  success  of  this  trans- 
formation into  thio-urea  by  increasing  the  stability  of  this  compound 
at  1600,  it  was  decided  to  repeat  his  work  and  determine  quantitatively 
the  amount  of  ammonium  thiocyanate  and  thio-urea  formed,  and  also 
study  the  influence  of  different  factors  concerned  in  the  production  of 
the  reaction-equilibrium.  This  study  necessitated  first  the  working  out 
of  reliable  methods  for  determining  quantitatively  ammonium  thiocyanate 
and  thio-urea  in  the  presence  of  each  other.  The  thio-urea  was  determined 
successfully  by  application  of  the  method  devised  by  Reynolds  and  Werner,2 
namely,  titration  of  aqueous  solution  with  a  standard  solution  of  iodine. 
For  the  determination  of  ammonium  thiocyanate  in  presence  of  thio- 
urea, we  tried  different  methods  which  have  been  recommended  for  this 
purpose,1  but  found  all  of  them  unsatisfactory.  A  suitable  method  was 
finally  developed  after  many  trials  on  standardized  solutions  of  the  2 
reagents,  which  enabled  us  to  determine  with  accuracy  the  amount  of 
thiocyanate  present.  It  is  efficient,  however,  only  when  less  than  40% 
of  thio-urea  is  present  in  the  mixture.  Larger  proportions  of  this  reagent 
1  See  Atkins  and  Werner,  /.  Chem.  Soc,  101,  11 71  (1912). 
1  Reynolds  and  Werner,  ibid.,  83,  1  (1903). 
•  See  Experimental  Part  of  this  paper. 
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mask  the  silver  by  formation  of  stable  double  combinations,  rendering 
accurate  titration  with  silver  nitrate  impossible.  Whether  a  method  of 
titrating  accurately  with  silver  salts  for  thiocyanate  in  the  presence  of 
large  proportions  of  thio-urea  can  be  developed,  must  be  decided  by  fur- 
ther study  of  various  factors  influencing  the  reactions  involved. 

We  now  find  that  carbon  disulfide  and  ammonium  carbonate  interact 
with  formation  of  ammonium  thiocyanate  and  finally  thio-urea,  but  the 
yield  of  thio-urea  is  much  lower  than  theory  demands.  In  fact,  the  best 
yield  that  we  were  able  to  obtain  was  about  11%,  which  is  14%  less  than 
that  which  can  be  obtained  by  direct  heating  of  ammonium  thiocyanate 
as  originally  recommended  by  Reynolds.1  In  some  experiments,  the  yield 
of  this  product  was  as  low  as  1.2%.  It  is  apparent  from  our  results  that 
reversion  to  ammonium  thiocyanate  is  favored  by  the  hydrogen  sulfide 
formed  during  the  reaction.  In  other  words,  the  results  obtained  in  a 
quantitative  study  of  this  reaction  do  not  recommend  the  method  as  a 
practical  one  for  the  synthesis  of  thio-urea.  A  description  of  the  analytical 
procedure  and  other  details  of  this  research  is  recorded  in  the  Experimental 
Part  of  this  paper. 

Experimental  Part 
.  The  thio-urea  used  in  the  analytical  work  discussed  below  was  a  very 
pure  imported  product,  which  gave  no  color  with  ferric  alum.  The  am- 
monium thiocyanate  employed  was  first  recrystallized  from  alcohol, 
carefully  dried,  and  its  purity  confirmed  by  titration  against  a  standard 
silver  nitrate  solution.  Seven  mixtures  of  thio-urea  and  ammonium 
thiocyanate  in  definite  ratios  were  prepared  for  experimental  work.  Each 
mixture,  weighing  6  g.,  was  dissolved  in  water,  the  solution  diluted  to  a 
volume  of  250  cc.  and  aliquot  parts  of  these  solutions  then  taken  for  the 
various  titrations. 

Determination  of  Ammonium  Thiocyanate. — The  method  first  em- 
ployed for  the  determination  of  thiocyanate  was  that  recommended  by 
Krall.*  This  method  of  analysis  did  not  give  satisfactory  results  (Curve 
A;  Fig.  1),  especially  with  mixtures  containing  more  than  15%  of  thio- 
urea, and  when  the  percentage  of  thio-urea  reached  60%  of  tie  mixture, 
the  40%  of  thiocyanate  titrated  as  60.4%  or  15 1  %  of  that  actually  present. 

The  second  method  employed  for  the  determination  of  the  thiocyanate 
was  direct  titration  with  silver  nitrate.  Analyses  were  made  on  the  same 
mixtures  as  used  above,  and  the  procedure  was  as  follows.  A  10  cc 
aliquot  part  of  the  solution  was  used,  to  which  were  added  20  cc.  of  water 
and  5  cc.  of  dil.  nitric  acid  of  the  same  concentration  as  stated  above. 
Two  drops  of  ferric  alum  indicator  were  added,  and  the  titration  made 
directly  with  standard  silver  nitrate  solution,  which  was  run  in  very  slowly 
1  Reynolds  and  Werner,  loc.  cit. 
•  Krall,  J.  Chem.  Soc.,  103,  1385  (1913). 
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and  with  constant  shaking  to  avoid  the  presence  of  an  excess  of  silver 
nitrate  in  the  solution  at  any  time.  The  point  at  which  the  pink  color  dis- 
appears is  best  determined  by  comparison  with  an  over-titrated  standar  . 
The  results  of  the  direct 
titration  of  the  7  mix-  1$Q  - 
tures  used  above,  sup- 
plemented by  results 
from  several  other  deter- 
minations made  by  the 
same  method,  are  shown 
in  Curve  B,  Fig.  1.  The 
values  obtained  show 
that  direct  titration 
against  silver  nitrate  ii0 
gives  concordant  results 
for  mixtures  containing  100 

not  more  than  40%  of  16       *6       30       *o 

thio-urea.    But  between  Fig.  1. 

40%  and  50%,  the  curve  turns  sharply  upward,  and  values  obtained  for 
thiocyanate  in  the  presence  of  larger  proportions  of  thio-urea  are  far  too 
great.  Results  of  analyses  made  by  each  of  the  2  methods  described 
above,  are  recorded  in  Table  I. 

Table  I. — Analyses. 


Actual 
thio-urea. 

Actual 

NH«CNS. 

Thiocyanate  found. 

NHtSCN  found  (in 
terms  of  true  value). 

Krall's  method. 
%. 

Direct  titration. 
%. 

Krall's  method. 
%. 

Direct  titratioo. 

O 

IOO 

I  OO.O 

I  OO.O 

100.0 

100.0 

5 

95 

94-6 

95- a 

99.6 

100.2 

10 

90 

91.7 

90.0 

101.9 

100.0 

15 

85 

86.4 

85.0 

101.6 

100.0 

20 

80 

850 

79  8 

106.3 

99.8 

25 

75 

845 

748 

112. 7 

99.7 

38 

62 

. 

62.2 

100.3 

40 

60 

751 

60.8 

125.2 

101.3 

50 

50 

61.5 

123.0 

60 

40 

60.4 

55  6 

151. 0 

139.0 

67 

33 

51.3 

155.5 

80 

20 

546 

273.0 

The  data  in  Table  I  were  used  in  constructing  the  2  Curves,  A  and  B, 
shown  in  Fig.  1.  The  per  cent,  of  thio-urea  in  the  mixture  is  plotted 
along  the  horizontal  axis,  and  the  value  found  (in  terms  of  true  value) 
on  the  vertical  axis.  From  these  2  curves  it  is  evident  that  Krall's  method1 
is  not  reliable  for  mixtures  containing  more  than  15%  of  thio-urea,  while 
direct  titration  will  give  accurate  results  for  those  containing  up  to  40% 
lLoc.cti. 
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of  thio-urea.     No  method  was  devised  for  the  correct  estimation  of  thio- 
cyanate  in  mixtures  where  more  than  40%  of  thio-urea  was  present. 

A  third  procedure  was  tried  for  determining  quantitatively  the  in- 
fluence of  thio-urea  on  the  reaction  of  thiocyanate  with  silver  nitrate. 
Aqueous  solutions  of  pure  thio-urea  and  ammonium  thiocyanate  were 
prepared  of  equal  strength  and  an  aliquot  part  of  the  standard  thiocyanate 
solution  titrated  with  silver  nitrate  to  a  colorless  end-point.  The  addi- 
tion of  thio-urea  solution  to  this  colorless  solution  was  found  to  restore 
at  once  the  pink  color,  which  could  again  be  discharged  by  further  titra- 
tion with  silver  nitrate.  Following  this  procedure,  successive  additions 
of  thio-urea  solution  were  made,  titrating  with  silver  nitrate  after  each 
addition.  The  results  of  these  titrations  are  given  in  Table  II. 
Tablb  II. — Indirect  Titrations  Method. 


Actual 
thio-urea. 

%. 

Actual 

NH«CNS. 

%• 

NHjCNS 
found. 

Value  found  (in 

terms  of  true  value) 

%■ 

O 

IOO.  O 

100.0 

100.0 

9.1 

90.9 

94  1 

103.5 

16.7 

833 

91 .6 

IIO.O 

231 

76.9 

88  4 

115  0 

28.6 

71.4 

843 

118.0 

333 

66.7 

82.3 

123.5 

37-5 

62.5. 

80.0 

128.0 

41.2 

588 

78.4 

133  3 

44-4 

55  6 

76.6 

137-8 

47-4 

52.6 

75  2 

142.9 

500 

500 

74  2 

148.4 

54-5 

45  5 

72.2 

1587 

60.0 

40.0 

694 

173  5 

66.7 

33  3 

65  5 

1964 

7i  4 

28.6 

63.0 

220.2 

75  0 

25  0 

60.8 

243   1 

77  7 

22.3 

60.7 

272.4 

80.0 

20.0 

59  4 

297.2 

The  above  results  are  plotted  as  Curve  C  in  Fig.  1,  in  which  they  are 
compared  with  results  of  the  direct  titration  method,  and  Krall's  excess 
silver  nitrate  methods,  respectively.  Curve  C  is  comparable  with  Curve 
A  (Krall's  method),  and  gives  incorrect  values  for  thiocyanate,  even  with 
very  low  concentrations  of  thio-urea. 

In  all  the  3  analytical  methods  outlined  above,  it  was  observed  that 
the  amount  of  precipitated  silver  thiocyanate  decreased  rapidly  with 
increasing  concentration  of  thio-urea,  and  finally  when  the  thio-urea  was 
increased  to  about  55%,  the  precipitate  did  not  appear,  but  oily  drops 
gathered  on  the  side  of  the  titration  flask.  These  could  be  made  to  solidify 
to  a  white  crystalline  solid  by  rubbing  with  a  stirring  rod.  Their  composi- 
tion was  not  determined,  but  they  undoubtedly  consist  of  silver  thiocyanate 
combined  with  thio-urea. 
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The  action  of  silver  nitrate  on  a  solution  of  pure  thio-urea  was  also 
investigated.  When  equal  molecular  proportions  of  thio-urea  and  silver 
nitrate  in  aqueous  solution  were  mixed,  and  the  silver  nitrate  titrated  for 
in  the  usual  way  with  standard  potassium  thiocyanate  solution,  it  was 
found  that  only  about  50%  of  the  original  silver  could  be  accounted  for. 
The  other  half  mole  was  masked  by  the  one  mole  of  thio-urea  present. 
When  2  moles  of  thio-urea  were  added  to  one  mole  of  silver  nitrate  solu- 
tion, the  silver  was  then  entirely  masked  by  the  thio-urea.  Direct  ti- 
tration gave  the  same  results  as  were  obtained  in  the  indirect  titration. 
In  each  case  one  mole  of  silver  was  masked  by  2  moles  of  thio-urea. 

Determination  of  Thio-urea. — The  method  of  Reynolds  and  Werner1 
was  employed  for  the  determination  of  thio-urea  by  titration  with  iodine. 
According  to  Werner,2  this  method  gives  low  results  if  the  concentration 
of  the  thio-urea  exceeds  0.02  g.  per  100  cc.  of  the  titration  mixture.  Several 
titrations  were  made  of  solutions  containing  mixtures  of  thio-urea  and 
ammonium  thiocyanate,  the  results  of  which  are  recorded  in  Table  III. 
Table  III. — Determination  op  Thio-urea. 

G.  of  thio-urea  per  1 00  cc.  Apparent  per  cent,  of 

of  titration  mixture.  actual  thio-urea  present. 

O.0450  84.7 

O.0290  88.6 

O.0190  90.7 

0.0120  94.3 

0.0096  94.8 

O . 0072  96 . 8 

0.0048  100.8 

0.0024  102.0 

From  these  results  it  is  apparent  that  concentrations  of  more  than  5 
mg.  of  thio-urea  per  100  cc.  of  titration  mixture  cannot  be  correctly  esti- 
mated. Ammonium  thiocyanate  did  not  interfere  in  the  determination 
of  thio-urea  by  this  method.  According  to  Reynolds  and  Werner*  the 
proportion  must  be  greater  than  16  parts  of  thiocyanate  to  one  of  thio- 
urea before  it  seriously  influences  the  titration. 

The  Action  of  Ammonia  on  Carbon  Disulfide. — Inghilleri  found  that 
carbon  disulfide  and  ammonium  carbonate  interact  when  heated  in  sealed 
tubes,  and  yield  thio-urea,  ammonium  thiocyanate,  bydrogen  sulfide, 
and  carbon  dioxide.  His  method  of  operating  was  to  heat  at  ioo°to  no° 
for  6  hours,  and  for  the  same  period  at  1250  to  1300  for  2  hours  at  1600, 
releasing  the  pressure  in  the  tube  after  each  operation.  At  the  end  of  the 
ioo°  period,  he  identified  carbon  dioxide  but  no  hydrogen  sulfide.  After 
the  1300  period,  hydrogen  sulfide  and  ammonium  thiocyanate  were  identi- 
fied, and  after  heating  at  1600,  thio-urea  was  obtained  as  a  final  product 
1  Reynolds  and  Werner,  /.  Chem.  Soc,  83,  6  (1903). 

*  Werner,  ibid.,  xoi,  2166  (1912). 

*  Loc.  cti. 
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melting  at  1690.    No  quantitative  analysis  was  made  for  the  determina- 
tion either  of  the  thio-urea  or  of  the  thiocyanate  produced  in  the  reaction. 

Inghilleri  used  6  g.  of  carbon  disulfide  and  8  g.  of  unanalyzed  ammon- 
ium carbonate,  and  reported  his  yield  of  1.1  g.  of  thio-urea  as  almost 
quantitative.  Basing  calculations  on  the  weight  of  the  carbon  disulfide 
a  quantitative  yield  of  thio-urea  would  be  6  g.,  thus  Inghilleri's  calcula- 
tions are  at  fault,  and  his  yields  much  lower  than  theory  demands. 

In  our  work  the  carbon  disulfide  was  purified  by  allowing  to  stand  for 
12  hours  over  anhydrous  copper  sulfate,  shaking  with  mercury,  drying 
over  anhydrous  sodium  sulfate,  and  finally  distilling.  A  product  distilling 
uniformly  at  46.3  °,  uncorr.,  was  obtained.  The  ammonium  carbonate 
used  was  analyzed  and  found  to  contain  25.08%  of  ammonia. 

Tabu*  IV. 

Heated.       f*  Composition      Yield  of  *u  „  . 

0  . ' ■    U         ♦;         cnrf  of  final        total   HN«-        |-?|g 

O  +1         C        5E         product.        CNSand  a5|-S 

.0  t        I         Q?       ' * '      thio-urea  S„gl 

1  J  S         *         {34  j  based.  •?&! 

4     8  ■    i  i     t    §    &  1  so  x&    &*  5*   **    JjIs 

85      0    &      3     t3     g      S       55       HO<g       h 

6       100 
1 505  9-50  2.38  71/*  135  4.26  0.281  4.54  93-8    6.2  90.0     ...       4hrs. 

2       160 

6       100 
2 5-109542-396      135  4-35  0.133  4.48  97.0    3087.8     ...     ishrs. 

2       160 

6       100 
3...:.  3.80  7.16  1.79  6      1352.960.03630098.8     1.278.9     ...       5  days* 

2       160 

6       100 
4 3.80  7.16  1.79  6       1352.900.0372.9498.7     1-3  77«4     •••       5  days* 

2       160 

6       100 
5 3.80  7.16  1.79  6       135  304  o.  no  3.15  965    3-5  82.9     

2       160 
6 6.00  8.00  2.00  ..       ..  4. n  0.355  4.47  92.1     7.9  100. o  .. 

6       100 
7 6.44  8.67  2.17  2x/i  130 932     6.8 

3V1  160 

6       100 
8 6.41  8.01  2.00  6       160  3,80  0.465  427  89.1   10.9     ..     95-5*     4nrs« 

6       100 

9 6.42  8.002.006       160  4.32  0.524  4.85  89.2  10.8  108.0    4hrs. 

The  tubes  in  Expts.  1,2.3,4  an(*  5  above  were  charged  with  ammonium  carbonate 
equivalent  to  an  excess  of  5%  of  ammonia,  while  those  in  Expts.  6,  7,  8  and  9  contained 
-  33%.  33 %»  43%  and  43%,  respectively,  of  an  excess  of  ammonia. 

0  This  value  is  too  low  on  account  of  loss  of  material  when  tube  was  opened. 
"~  ~*  There  was  Very  little  internal  pressure  m  these  t^bes  when  opened. 
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The  results  of  our  experiments  are  recorded  in  Table  IV.  The  method 
of  operating  was,  in  general,  that  used  by  Inghilleri,  but  contrary  to  his 
statement,  heating  at  ioo°  was  always  productive  of  large  quantities 
6f  hydrogen  sulfide,  which  was  determined  by  passing  the  mixed  gases 
into  a  solution  of  copper  sulfate  when  the  tube  was  opened,  and  pre- 
cipitating as  copper  sulfide.  The  precipitated  cupric  sulfide  was  filtered, 
dried,  ignited  in  hydrogen,  and  weighed  as  Cu2S.  According  to  this 
method  of  determination,  heating  at  ioo°  produced  in  Expt.  i  a  volume 
of  750  cc.  of  hydrogen  sulfide  and  1275  cc.  of  carbon  dioxide,  the  gases 
being  measured  at  20  °. 

The  yield  of  total  thiocyanate  and  thio-urea,  based  on  carbon  disulfide 
in  the  presence  of  a  5%  excess  of  ammonia,  varied  between  77.4%  and 
90.9%.  Based  on  ammonia  in  the  presence  of  33%  excess  disulfide, 
the  yield  was  about  quantitative.  The  difficulty  of  accurately  estimating 
yields  based  on  ammonia  content  is  apparent  from  Expt.  9  where  the  am- 
monia carbonate  used  was  obviously  richer  in  ammonia  than  that  used 
in  the  analysis  upon  which  yields  were  calculated. 

In  no  case  did  the  percentage  of  thio-urea  in  the  equilibrium  mixture 
approach  the  value  found  by  Reynolds  and  Werner  to  be  about  25%. 
The  highest  value  found  was  10.9%,  and  other  values  ranged  as  low  as 
1.2%.  The  lowest  percentages  of  thio-urea  were  found  in  those  tubes 
which  had  been  permitted  to  stand  for  some  time  at  room  temperature 
after  heating  at  1600,  in  the  presence  of  the  hydrogen  sulfide  and  carbon 
dioxide  generated  at  that  temperature.  In  these  tubes  also  the  yield  of 
total  thio-urea  and  thiocyanate  was  lower  than  in  those  which  were  opened 
immediately  after  cooling.  These  results  seem  to  indicate  that  hydrogen 
sulfide  influences  the  equilibrium,  reverting  thio-urea  to  ammonium  thio- 
cyanate. It  apparently  affects  also  the  formation  of  the  ammonium  salt. 
The  action  of  hydrogen  sulfide  on  these  2  isomeric  substances  will  receive 
further  attention  at  a  later  date. 

Summary. 

1.  Quantitative  determinations  of  ammonium  thiocyanate  in  the  pres- 
ence of  thio-urea  cannot  be  carried  out  accurately  by  indirect  titration 
with  excess  of  silver  nitrate  if  the  thio-urea  exceeds  15%  of  the  mixture. 

2.  Direct  titration  for  ammonium  thiocyanate  with  silver  nitrate  can 
be  applied  successfully  in  mixtures  containing  as  high  as  40%  thio-urea. 
This  interference  in  titration  is  apparently  due  to  the  solubility  of  silver 
thiocyanate  in  thio-urea  solutions  with  formation  of  a  complex  ion. 

3.  Thio-urea  can  be  determined  by  titration  with  iodine  if  the  concen- 
tration of  thio-urea  does  not  exceed  5  mg.  per  100  cc.  of  the  titration  mix- 
ture. 

4.  Carbon  disulfide  and  ammonium  carbonate  interact  at  160 °  giving 
a  mixture  of  ammonium  thiocyanate  and  thio-urea;  the  equilibrium  <te- 
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pending  upon  the  concentration  of  reagents  used,  temperature,  time  of 
heating  and  finally  upon  the  concentration  of  hydrogen  sulfide  formed  in 
the  reaction.  The  reaction  is  not  productive  of  a  quantitative  yield  of 
thio-urea. 

Nbw  Havbn,  Conn. 


[Contribution  from  the  Chbmical  Laboratory  of  Lbland  Stanford  Junior 

University.] 

THE  ALKYL  AMINES  AS  SOLVENTS. 

By  Howard  McKbb  Elsey. 

Received  July  6,  1920. 

That  primary  amines  are  ionizing  solvents  has  been  shown  by  the  work 
of  Gibbs1  and  others,  and  by  analogy  we  would  expect  that  a  salt  soluble 
in  ammonia  would  be  less  soluble  in  methylamine,  still  less  soluble  in 
ethylamine  and  dimethylamine,  and  perhaps  insoluble  in  propylamine 
and  trimethylamine.  Indeed  Shinn2  found  potassium  iodide,  a  salt  very 
soluble  in  liquid  ammonia  and  fairly  soluble  in  methylamine,  to  be  entirely 
insoluble  in  ethylamine,  the  next  higher  ammono  alcohol.  Prom  this, 
it  would  seem  that  the  higher  amines  would  be  very  poor  solvents  for  in- 
organic substances. 

The  salts  used  in  the  present  solubility  determinations  were  of  the  ordi- 
nary commercial  variety,  dried  as  thoroughly  as  was  possible  without 
danger  of  decomposition.  *  Excepting  in  a  very  few  cases  those  compounds 
only  were  taken  from  which  all  the  water  was  known  to  have  been  removed. 

The  ethyl-,  methyl-,  propyl-  and  isopropylamines  used  as  solvents 
were  water-free  imported  samples.  To  ensure  their  remaining  dry,  they 
were  stored  over  metallic  sodium.  The  dimethyl  and  trimethylamines 
were  purchased  as  the  water  solutions.  They  were  recovered  as  the  water- 
free  substances  by  distilling  from  a  flask  through  an  inverted  condenser 
and  then  a  soda-lime  tube  and  finally  condensing  in  a  glass  container 
cooled  by  a  liquid  ammonia  bath.  Several  pieces  of  freshly  cut  sodium 
were  added  to  the  container  to  remove  the  last  traces  of  moisture  present 
and  to  absorb  any  that  might  later  be  introduced.  Some  difficulty  was 
encountered  in  preventing  loss  of  the  amine  by  leakage  through  the. stop- 
cock of  the  container.  The  value  of  the  amines  as  organic  solvents  is 
shown  by  the  ease  with  which  they  dissolved  any  lubricant  which  wis 
placed  on  the  stopcock;  and  it  was  finally  found  necessary  to  keep  the 
tube,  holding  the  stock  of  amine,  in  an  ice-bath  while  working,  and  to 
seal  the  stopcock  off  at  night. 

Since  the  lower  amines  are  gases  under  operating  conditions  the  solu- 
bility determinations  were  made  in  hermetically  sealed  glass  tubes.     For 
1  Gibbs,  This  Journal,  28,  1395  (1906). 
*  Shinn,  J.  Phys.  Chern.,  n,  537  (1907). 
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this  purpose  a  glass  tube  was  closed  at  one  end,  a  small  amount  of  sub- 
stance introduced  and  the  tube  placed  in  an  ammonia  bath.  Solvent 
was  then  distilled  in  and  the  upper  end  of  the  tube  sealed  off.  If,  after 
the  temperature  rose  to  room  temperature  and  after  agitation,  no  marked 
solvent  action  could  be  observed,  the  tube  was  cooled  with  liquid  am- 
monia to  precipitate,  if  possible,  any  dissolved  material.  In  most  cases 
these  solutions  have  very  high  temperature  coefficients,  and  the  change 
from  room  temperature  to  — 33.5  °  is  often  sufficient  to  cause  crystalliza- 
tion at  once  from  a  solution  which  is  by  no  means  saturated  at  the  higher 
temperature. 

In  later  experiments,  these  straight  tubes  were  replaced  by  2-legged 
tubes  in  which  it  was  much  easier  to  judge  the  relative  solubilities  of  the 
different  salts.  These  tubes  were  filled  in  the  same  way,  but  after  the 
solvent  had  been  added  the  tube  was  constricted  at  the  neck,  evacuated 
and  sealed  off.  Unless  the  air  was  removed  in  this  way,  distillation  from 
one  arm  to  the  other  was  very  slow. 

After  filling  and  sealing,  the  tubes  were  allowed  to  stand  for  several 
days,  being  frequently  agitated  to  ensure  the  attainment  of  equilibrium. 
The  dear  solution  was  then  decanted  over  into  the  shorter  leg  and  the 
long  leg  was  placed  in  an  ice-bath.  Due  to  the  difference  in  temperature, 
the  solvent  was  distilled  out  of  the  second  leg  and  the  solubility  of  the 
compound  could  be  determined  roughly  by  the  amount  of  residue  remaining 

This  separation  of  the  solute  by  distilling  off  the  solvent  could  not 
be  accomplished  in  all  cases  on  account  of  the  exceedingly  high  viscosity 
of  concentrated  solutions  in  the  amines.  Ammonia  and  the  amines  as 
a  class  have  very  low  viscosities,  being  much  more  mobile  than  water. 
But  even  dilute  solutions  in  ammonia  and  the  amines  are  markedly  more 
viscous,  while  concentrated  solutions  in  them  are  apt  to  have  the  con- 
sistency of  the  thickest  of  molasses. 

One  of  the  most  striking  properties  of  the  amines  is  the  ease  with  which 
they  enter  the  molecular  structure  of  compounds  as  amine  of  crystalliza- 
tion. These  aminates  usually  form  immediately  on  contact  of  the  cold 
liquid  with  the  solute,  causing  the  salt  to  swell  up  into  a  bulky  mass. 
Often  this  aminate  is  very  soluble  at  room  temperatures  and  on  removing 
the  tube  from  the  bath  it  quickly  goes  into  solution.  In  other  cases,  the 
aminate  is  insoluble  or  only  slightly  soluble  at  room  temperature  and  it 
remains  as  a  solid  phase.  As  a  rule  the  addition  product  is  sufficiently 
soluble  to  go  over  slowly  to  a  crystalline  structure,  the  crystals  often 
attaining  considerable  size. 

Since  the  chemically  pure  amines  are  very  expensive  and  our  supply 
of  them  was  somewhat  limited,  the  solubility  tubes  were  of  necessity  too 
small  to  afford  quantitative  results.  However,  it  is  believed  that  our 
results  are  accurate  within  the  limits  of  error  of  the  method  used.    The 
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salts  are  classified  as  being  very  soluble,  moderately  soluble,  slightly  soluble, 
or  insoluble.  A  salt  is  classed  as  being  very  slightly  soluble  where  no 
appreciable  residue  is  left  in  the  second  leg  and  yet  where  there  is  some 
evidence  of  solubility  such  as  color  in  the  solution. 

The  solubilities  of  the  different  salts  in  the  several  amines  are  tabulated 
below.  For  comparison,  the  measurements  of  Franklin  and  Kraus1 
in  liquid  ammonia  and  of  Gibbs*  in  methylamine  are  included  in  the  table. 
The  determinations  taken  from  Gibbs'  paper  are  marked  thus,  *.  The 
following  abbreviations  are  used  in  the  table,  very  soluble,  v;  moderately 
soluble,  m;  slightly  soluble,  s;  and  insoluble,  i. 

A  indicates  the  formation  of  an  aminate  on  contact  of  the  solvent  and 
solute,  the  solubility  of  this  aminate  being  shown  by  one  of  the  letters 
above.    R  indicates  marked  reaction  between  solute  and  solvent. 

TABLB  I.— SOMJBIUTISS  OF  SALTS  IN  AMINES. 


Solvent.       d  §  3 

Solute.  .       fc  O  6 

AgBr m  v 

Agl v  v  v 

AgNOt v  v*  v 

AgtSO* s  s 

AgtS04 f  A*  As 

BaBrj v 

BaClj s  ..  5 

Ba(CiO,),a m 

Bali s  Av  Av 

Ba(NOi)t m  s  s 

Ba(SCN)* v  v  v 

BiBri v  m 

BiCIs m  Am 

Bill s  Av  v 

BitSj t  s  s 

Brs* v  Rp 

CaC, i  i 

Cals ..  Av 

Ca(NO)t v  m  v 

CdBr, ..  s 

Cd(CN), m 


z 


A  tn 


At 


Av 
s 
m 
v 


v 
i 

A  tn 
m 


As 

s 

i 


*  A  solution  of  Ba(C10i)2  in  C2H*NH,  is  unlike  most  of  the  solutions  in  these 
solvents  in  that  it  has  a  very  low  temperature  coefficient  of  solubility. 

1  Bromine  reacts  with  the  dimethylamine  with  the  evolution  of  heat  to  form  a 
very  soluble  crystalline  compound.  With  methylamine  and  ethylamine,  the  reaction 
is  much  more  violent  and  there  is  formed  in  addition  to  a  soluble  crystalline  product, 
a  black  residue. 

1  Am.  Chan.  J ,  20,  820  (1897). 

1  Loc.cit. 
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Tabus  I  (continued). 


Solvent. 


Z 


Solute. 

CdV S 

Cr.CSOOi 

CuCl s 

CuCl, * 

CuHAsO, * 

Cul* v 

CuS i 

CuSCN 

CuSO/ i 

Fe i 

Fed, 

Fel, 

Fe,(S04), • 

Hg(CN), v 

Hg(CON),' v 

Hgl v 

Hgl, v 

HgS i 

Hg(SCN), v 

V m 

KAg(CN), 

KCN 

K4Fe(CN)e * 

KI v 

KMnOi v 

KNO, v 

KjPtCU 

KJPtCU 

KSCN v 

LiCl s 


x 
R* 


A* 


I 

Am 
i 

Am 
A  m 
s 

v 
s 

V 

A* 

i 

As 

Ai 

i 

R 
m 


m 

At 


c3 


3 
P. 


*  A  saturated  solution  of  Cdlt  in  (CH»)jNH  is  a  fair  conductor  of  the  electric  cur- 
rent at  200. 

d  Cul  is  very  soluble,  forming  a  blue  solution  in  C,HtNH,.  If  metallic  copper 
is  placed  in  this  solution,  the  blue  color  is  discharged,  due  possibly  to  the  reduction  of 
Cu++  to  Cu+,  the  cupric  salt  being  present  as  an  impurity. 

*  The  blue  aminate  formed  is  the  only  one  observed  which  did  not,  on  standing, 
become  noticeably  crystalline  in  character. 

f  Hg(CON),  reacts  and  is  reduced  to  metallic  mercury  and  other  products  which  are 
soluble. 

*  Iodine  is  extremely  soluble  in  all  the  amines  tested,  with  the  exception  of  tri- 
methylamine.  On  standing,  the  deep  color  of  the  solution  fades  in  color.  One  solution 
of  iodine  in  dimethylamine  had  a  resistance  of  80  ohms  between  sealed-in  electrodes. 
The  resistance  increased  to  100  ohms  after  the  solution  had  become  colorless.  Iodine 
is  only  slightly  soluble  in  trimethylamine  but,  after  some  weeks,  colorless  crystals 
separate  from  this  solution. 
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Tabls  I  (continued). 


8< 
Z 


Solvent. 
Solute. 

LilO, 

Mgli v 

Mg(NO,), v 

NaBr v 

Na2C4H404 

NaCIO, v 

Nal v 

NaN» 

NaNOi v 

Na£eO« 

NiCU i 

Ni(CN), 

Ni(SCN), 

NiSO« i 

P(red) % 

P  (yellow)* m 

PbBr, m 

Pbl/ v 

Pb(SCN), 

PtCU s 

PtI. 

S m 

Sbl, R 

Se' m 

Snl« 

SrBr, 

SrCl, i 

Sri, 

Sr(NO,), V 

Te 

Til 

TINOi m 

TUSO* 

Ur^CHjO,)** 

UrO,(NO,)a 

ZnS 


x 
o 


t 

s 
m 


As 

Av 


•s 
8 

8 

6 
i 

Av 


Ai 
s 

V 

i 

s 

v 

Av 

A  m 

A  m 

m 

m 

v 

v 

s 

Av 

Av 

m 

v 

As 

i 

i 

tn 

i 

m 

i 

i 


8 


£ 

8 
O 


A 


m 


S3 

2 


m 


As 

m 


k  Yellow  phosphorus  is  soluble  in  ethylamine  and  methylamine,  forming  almost 
colorless  solutions;  but  on  standing  the  red  modification,  which  is  only  slightly  soluble, 
separates. 

*  Pblj  turns  white  on  contact  with  the  amines.  By  heating  the  tubes  very  gently, 
the  original  yellow  color  returns,  indicating  that  the  amine  of  crystallization  has  been 
removed.     On  cooling,  the  Pbl*  again  turns  white. 

'  Se  in  CsHftNH*  turns  from  red  to  black  in  color  but  without  visible  increase  in 
volume. 

*  A  solution  of  UrOj(dH»08)a  gelatinizes  on  standing  for  some  days. 
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'the  action  of  the  sulfides  of  the  alkali  and  alkaline  earth  metals  in 
these  amines  is  interesting.  Samples  of  the  commercial  variety  of  these 
salts  when  treated  with  the  amines  give  yellow  solutions  very  similar  to 
a  dilute  solution  of  sulfur.  The  residual  salts,  which  previously  were 
a  dirty  yellow  in  color,  are  reduced  to  a  pure  white  color  and  a  granular 
condition.  It  is  suggested  that  any  free  sulfur  present  in  the  sulfides  is 
dissolved  and  the  polysulfides  thus  reduced  to  the  normal  sulfides.  This 
explanation,  if  correct,  indicates  a  possible  method  of  purifying  these 
compounds. 

Summary. 

The  results  of  this  study  show  that  the  simpler  primary  and  secondary 
amines  at  room  temperatures  are  fair  solvents  for  many  salts.  However, 
the  solubilities  have  high  temperature  coefficients  and  at  the  boiling- 
point  of  liquid  ammonia  but  very  few  salts  are  perceptibly  soluble  in 
any  of  the  amines. 

The  work  outlined  in  this  paper  was  done  at  the  suggestion  and  under 
the  direction  of  Professor  E.  C.  Franklin,  and  I  wish  to  thank  him  for 
his  kind  advice  and  assistance. 

UNnrftxsmr  ov  Kansas, 
Lawbvnc*,  Kansas. 
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By  Jambs  F.  Norris  and  Dorothy  M.  Tibbbtts. 

Received  July  19.  1920. 

It  was  shown  some  time  ago1  that  tetraphenyl-ethylene  dichloride, 
(C*H6)iCCl.ClC(C*H5)2,  forms  well  characterized  molecular'  compounds 
with  chloroform  and  carbon  tetrachloride.  The  existence  of  these  addi- 
tion-products led  to  a  study  of  substances  of  similar  and  related  structures, 
and  it  was  discovered  that  organic  compounds  of  certain  types  possess 
to  a  high  degree  the  power  to  form  molecular  compounds.1  Among  the 
substances  studied  were  substitution-products  of  tetraphenyl-ethylene. 
Of  these  f-tetrabromo-tetraphenyl-ethylene,  (firCeH^C  =  C(C«H4Br)2, 
was  noteworthy  as  it  formed  well  crystallized  compounds  with  acetone, 
methylethyl  ketone,  ether,  carbon  tetrachloride,  ethyl  acetate,  and  benzene. 

As  a  result  of  an  attempt  to  interpret  the  facts  discovered  and  the  en- 
deavor to  guide  future  work  an  hypothesis  was  devised.  A  large  number 
of  molecular  compounds,  both  inorganic  and  organic,  have  been*  described, 
but  no  adequate  explanation  of  their  structure  based  on  our  present  views 
of  valence  has  been  proposed.  The  subject  is  an  important  one,  and  it 
1  Norris,  Thomas  and  Brown,  Ber.,  43,  2940  (1910). 
1  Norris,  This  Journal,  38,  702  (1916). 
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seemed  advisable  to  study  it  further,  especially  in  the  field  of  organic 
chemistry,  since  the  chemist  has  it  in  his  power  to  change  gradually  by  the 
use  of  the  proper  substituents  the  nature  of  the  molecule  and  thus  develop 
or  reduce  its  ability  to  form  addition-products  with  other  substances. 
In  this  way  by  knowing  the  effect  of  the  substituents  introduced  on  the 
general  properties  of  the  molecule  and  on  its  ability  to  form  molecular 
compounds,  relationships  might  be  traced  and  the  factors  underlying  the 
addition  discovered. 

The  hypothesis  which  has  served  as  a  guide  in  a  study  of  these  com- 
pounds is  as  follows. 

i.  The  molecular  compound  is  formed  as  a  result  of  the  coming  into 
play  of  latent  affinities  residing  on  an  atom  in  each  of  the  constituents 
of  the  compound.  For  example,  the  molecular  compound  of  triphenyl- 
chloromethane  and  acetone,  [(C«Hi)jC.Cl]i.(CHa)iCO,  is  produced  as 
a  result  of  the  fact  that  the  chlorine  atoms  of  the  methane  derivative 
and  the  oxygen  atoms  of  the  ketone  possess  latent  affinities  of  such  ac- 
tivity that  they  interact  and  a  molecular  compound  results. 

2.  All  atoms  possess  these  latent  affinities.  Whether  or  not  they  are 
of  such  a  nature  as  to  permit  the  union  of  a  molecule  with  a  second  mole- 
cule is  determined  by  the  extent  to  which  the  chemical  energy  of  the  atom 
in  question  has  been  expended  when  the  molecule  containing  it  was  formed. 
If  an  atom  in  a  compound  reacts  with  difficulty  when  the  latter  is  brought 
into  contact  with  other  substances  it  is  evident  that  a  large  part  of  its 
energy  has  been  expended  and  but  a  little  of  it  remains  to  take  part  in 
reaction.  On  the  other  hand,  if  the  atom  enters  into  reaction  readily 
with  other  substances  it  is  evident  that  it  still  possesses  available  energy. 
It  is  probable,  therefore,  that  such  active  atoms  might  be  able  to  unite 
with  atoms  of  a  similar  nature  and  form  molecular  compounds.  For 
example,  the  chlorine  in  methyl  chloride  is  firmly  bound  in  the  molecule; 
it  does  not  form  stable  molecular  compounds.  Triphenyl-methyl  chloride 
contains  a  chlorine  atom  that  is  very  active;  the  compound  is  readily 
hydrolyzed,  and  reacts  in  the  cold  with  sulfuric  acid,  and  with  silver. 
The  active  chlorine,  according  to  the  hypothesis  put  forward  here,  con- 
tains sufficient  energy  to  form  molecular  compounds  with  other  substances 
containing  active  elements.  A  study  of  the  literature  confirms  the  view 
that  compounds  containing  unusually  active  elements  or  groups  form 
well  characterized  molecular  compounds. 

3.  Substances  which  contain  inactive  double  bonds  form  molecular 
compounds.  In  most  cases  direct  addition  of  atoms  or  groups  at  the 
double  bond  leads  to  the  formation  of  ordinary  saturated  compounds. 
So-called  unsaturated  compounds,  however,  are  known  in  which  the  un- 
saturation  is  so  slight  that  they  will  not  unite  with  such  an  active  ele- 
ment as  bromine.    The  chemical  affinity  latent  in  the  double  bond  is 
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so  small  that  it  cannot  hold  in  combination  other  atoms  or  groups  linked 
to  it  by  primary  valence  bonds.  Many  such  compounds,  however, 
form  well-characterized  molecular  compounds.  The  available  energy  of 
the  double  bond  is  not  enough  to  neutralize  the  energy  of  atoms  and 
form  a  true  valence  bond,  but  is  sufficient  to  interact  with  a  similar  small 
amount  of  energy  residing  in  another  compound.  Many  cases  of  this 
type  have  been  discovered.  For  example,  p-tetrabromo-tetraphenyl- 
ethylene  contains  a  very  inactive  double  bond;  it  will  not  add  bromine; 
but  it  forms  a  large  number  of  molecular  compounds  with  a  great  variety 
of  substances. 

With  the  hypothesis  stated  above  as  a  guide  a  number  of  compounds 
have  been  investigated  and  a  variety  of  new  molecular  compounds  dis- 
covered. 

It  is  impossible  to  test  the  proposed  hypothesis  rigidly,  as  we  have 
at  present  no  quantitative  measure  of  the  relative  activities  of  halogen 
atoms  in  organic  compounds  or  of  the  unsaturation  of  a  double  bond. 
The  results  of  the  work  described  below  were  obtained  in  connection 
with  a  research  on  the  factors  which  influence  the  activity  of  halogen 
atoms  joined  to  carbon.1  When  a  quantitative  measure  of  this  activity 
has  been  arrived  at  by  the  methods  now  being  developed  it  is  hoped 
that  an  interpretation  of  the  facts  described  below  will  be  possible.  As 
the  authors  are  unable  to  collaborate  in  the  work  in  the  future,  it  seems 
advisable  to  publish  the  results  so  far  obtained. 

The  following  molecular  compounds  have  been  reported  in  papers 
already  published. 

1.  Prom  compounds  containing  active  atoms  or  groups:  (a)  compounds 
containing  tetraphenyl-ethylene  dichloride,  (<^H6)iCCl.ClC(C«H*)2,  (M), 
of  the  following  composition:  M.2CHCI*  M.2CCI4,  M.2CHBra,  M.2CBr4, 
M.2CHBrCli,  M.2SO2&2;  (6)  compounds  containing  p-chloro-tetra- 
phenyl-ethylene dichloride,  C1C«H4.C«H6CC1.C1C(C«H6)i,  (MO:  M'.CHCU, 
M'2CCU;  (c)  compounds  containing  triphenyl-chloromethane,  (C*H&)3C- ' 
CI,  (M*):  4M#.3CCU:4  2M#.(CH3)iCO;  (d)  compounds  "containing  tri- 
phenyl-carbinol,  (CJHOaCOH,  (M"):  4M"3CCU,  2M".(CH3)2CO. 

2.  Addition-products  from  compounds  containing  an  inactive  double 
bond,  f-tetrabromo-tetraphenyl-ethylene,  (BrC6Hi),C  =  CCCeHiBr)*,  (N): 
N.2(CH,),CO,  N.CHaCOCHft,  N.(C*H6)tCO,  N.CCU,  N.CHsCOOC^HU, 
N.CH* 

On  account  of  the  unusual  ability  of  tetrabromo-tetraphenyl-ethylene 
to  form  molecular  compounds  the  substance  has  been  investigated  fur- 
1  This  work  of  which  this  paper  is  a  minor  part  was  aided  by  a  grant  from  the 
Warren  Fund  of  the  American  Academy  of  Arts  and  Sciences. 

'  The  formula  for  this  compound  given  in  the  previous  paper  is  incorrect  The 
analytical  results  are  correctly  given,  but  these  correspond  more  closely  to  the  above 
formula  than  to  the  one  given. 
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ther  to  determine  whether  molecules  belonging  to  other  classes  of  com- 
pounds than  those  studied  would  enter  into  combination  with  it,  and 
to  discover  the  effect  of  the  molecular  weight  of  the  added  compound 
on  the  stability  of  the  addition-products.  Well-crystallized  molecular 
compounds  were  obtained  containing  in  each  case  one  molecule  of  the 
ethylene  derivative  and  one  molecule  of  one  of  the  following,  toluene,  p- 
xylene,  chlorobenzene,  ethyl  ether,  propyl  acetate,  ethyl  propionate,  and 
ethyl  acetate.  No  compounds  were  isolated  at  ordinary  temperatures 
with  chloroform,  ethyl  alcohol,  amyl  alcohol,  bromobenzene,  m-xylenef 
iodobenzene,  petroleum  ether,  methyl  acetate,  or  ethyl  formate.  It. 
was  found  that  the  fact  that  the  ethylene  derivative  formed  no  compound 
with  alcohol  and  with  m-xylene  could  be  used  to  separate  acetone  from 
alcohol  and  p -xylene  from  w-xylene. 

In  order  to  determine  the  effect  of  the  replacement  of  bromine  by 
chlorine,  tetrachloro-tetraphenyl-ethylene  was  next  studied.  In  this 
case  the  ability  to  form  molecular  compounds  was  much  reduced.  Of 
the  compounds  studied  addition-products  were  obtained  only  with  benzene, 
carbon  tetrachloride,  and  methylethyl  ketone. 

Monochloro-tetraphenyl-ethylene  was  next  studied.  In  this  case  a 
compound  with  carbon  tetrachloride .  only  was  formed.  Negative  re- 
sults were  obtained  with  the  substances  that  yielded  well-characterized 
addition-products  with  the  bromine  substitution  product.  Tetraphenyl- 
ethylene  yielded  no  molecular  compounds.  It  is  impossible  to  say  at 
present  whether  the  falling  off  in  the  ability  to  form  molecular  com- 
pounds is  associated  with  change  in  molecular  weight  or  the  change  in 
the  inactivity  of  the  double  bond  which  is  associated  with  the  change 
resulting  from  the  alteration  of  the  substituents.  It  is  improbable  that 
the  formation  of  the  molecular  compounds  can  be  attributed  directly 
to  the  halogen  atoms  in  the  tetraphenyl-ethylene  derivatives,  on  ac- 
count of  the  fact  that  in  the  compounds  studied  in  which  the  formation 
of  double  molecules  can  be  traced  to  the  halogen  atoms  present,  chlorine 
is  more  efficient  in  this  respect  than  bromine.  Triphenyl-chloromethane, 
for  example,  forms  molecular  compounds,  whereas  analogues  with  tri- 
phenyl-bromomethane  do  not  exist. 

Since  molecular  compounds  had  been  formed  from  triphenyl-chloro- 
methane and  triphenyl-carbinol  it  appeared  of  interest  to  investigate 
diphenyl-chloromethane  and  diphenyl-carbinol.  No  molecular  com- 
pounds were  isolated.  To  determine  whether  increase  in  molecular  weight 
produced  any  effect  f-phenyl-diphenyl  carbinol  was  studied;  it  yielded 
a  compound  with  carboy  tetrachloride  which  contained  one  molecule 
each  of  its  constituents.  f-Phenyl-diphenyl-chloromethane  formed  a 
molecular  compound  with  carbon  tetrachloride  containing  two  molecules 
of  the  former  to  one  of  the  latter.    No  molecular  compound  was  formed 
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from  f-bromo-diphenyl-carbinol  and  carbon  tetrachloride  nor  from  ptp'- 
cLichloro-diphenyl-carbinol. 

A  study  of  the  literature  is  being  made  with  the  hope  that  generaliza- 
tions of  value  may  be  arrived  at.  Up  to  the  present  a  large  number  of 
compounds  have  been  tabulated. 

Experimental  Part. 

Experiments  with  p-Tetrabromo-tetraphenyl-ethylene. — The  substance 
was  prepared  from  tetraphenyl-ethylene  as  follows.  Five  g.  of  the  finely 
ground  hydrocarbon  was  spread  in  a  thin  layer  on  the  bottom  of  a  beaker 
and  treated  with  7.5  cc.  of  bromine.  The  mixture  was  allowed  to  stand 
overnight  and  the  colorless  product  crystallized  from  hot  xylene  in  which 
it  is  readily  soluble.  On  cooling  the  bromine  derivative  separates  in 
large,  well-formed  crystals. 

Preparation  of  the  Compound  />-(BrC6H4)2C  =  C(C8H4Br)2.C«H5CH8. 
— The  bromine  derivative  was  dissolved  in  boiling  toluene,  free  from 
benzene.  On  cooling,  radiating,  shiny,  transparent  needles  separated, 
which  slowly  became  opaque  on  standing.  A  sample  was  dried  for  10 
minutes  on  a  porous  plate,  weighed,  and  heated  to  constant  weight  at 
no°.  The  loss  in  weight  calculated  for  the  above  formula  is  12.44% 
the  loss  found  was  12.29%. 

Preparation  of  the  Compound  p-(BrC6H6)2C  -  C(C6H4Br)2.C«H*Cl.— 
This  compound  was  formed  by  crystallizing  the  bromine  derivative  from 
boiling  chlorobenzene.  It  slowly  effloresced  in  the  air.  The  theoretical 
loss  in  weight  is  14.79%.  The  loss  found  depended  on  the  time  the  crys- 
tals stood  in  the  air  before  being  weighed.  The  percentages  obtained 
were  13.81  and  15.41. 

Preparation  of  the  Compound  ^(BrCaHOiC  -  C(C6H4Br)2.(C«H6)jO. 
— When  tetrabromo-tetraphenyl-ethylene  was  dissolved  in  boiling  ether, 
in  which  it  is  difficultly  soluble,  and  the  solution  evaporated  so  that  the 
product  separated  while  the  latter  was  hot,  well-defined  crystals  of  the 
ethylene  derivative  free  from  ether  were  formed.  When  a  cold  saturated 
solution  was  allowed  to  evaporate  spontaneously  at  room  tempera* 
ture  two  kinds  of  crystals  were  obtained,  transparent  and  opaque.  Neither 
kind  lost  weight  when  heated.  When  a  dilute  solution  at  about  — io° 
was  evaporated  slowly  in  a  stream  of  air,  shiny,  transparent  crystals 
were  obtained  which  became  opaque  on  standing  in  the  air.  Some  of 
these  crystals  after  standing  on  a  porous  plate  for  5  minutes  were  weighed 
and  heated  at  no°.  The  loss  in  weight  was  9.38%;  the  theoretical  loss 
for  a  compound  of  the  above  formula  is  10.25%. 

Preparation  of  the  Compound  ^-(BrCeH^G  =-C(C6H4Br);.p- 
C*H4(CH3)2.— The  xylene  used  boiled  at  136 °'  to  1380  and  solidified1  ill' 
ice-water.  The  compound  was  obtained  when  a  hot  saturated  solution 
cooled  to  room  temperature.-    It  effloresced  very  slowly  in  the  air.    The 
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crystals  were  weighed  15  minutes  after  removal  from  solution;  the  weight 
remained  constant  for  30  minutes,  and  then  the  crystals  were  heated  to 
no°.    The  weight  lost  was  14*85%,  while  the  theoretical  loss  is  14.06^. 

Attempts  were  made  to  prepare  a  molecular  compound  with  m  -xylene. 
Crystals  wej-e  obtained  by  rapid  and  slow  evaporation,  but  no  compound 
was  formed. 

Tetrabromo-tetraphenyl-ethylene  was  crystallized  from  commercial 
xylene.  The  crystals  obtained  from  a  hot  solution  did  not  lose  weight 
on  heating.  Those  obtained  by  spontaneous  evaporation  lost  11.93^ 
on  heating.  It  is  probable  that  the  xylene  present  in  the  molecular  com- 
pound which  united  with  the  bromine  derivative  was  p-xylene.  The 
ortho  compound  was  not  available  for  experimentation. 

Preparation  of  the  Compounds  (BrC«H4)*C  =  C(C6H4Br)s.CHaCOC*HT, 
(BrC*H4)*C  -  C(C«H4Br)j.CH*COOC,H6,  (BrCeHOtC  -  C(C«H4Br),.- 
CH1COOC3H7. — These  compounds  were  obtained  by  dissolving  the  ethyl- 
ene derivative  in  the  boiling  liquids.  In  the  3  cases  transparent  crystals 
which  effloresced  rapidly  in  the  air  separated  on  cooling.  The  actual 
and  theoretical  losses  were,  respectively,  11.93  ***<*  U-7i»  *3-54  *&<*  1360, 
and  12.15  and  13.60%. 

Attempts  to  Prepare  Molecular  Compounds  with  Other  Substances. 
— No  compounds  with  tetrabromo-tetraphenyl-ethylene  were  formed  at 
room  temperature  with  ethyl  alcohol,  i$0-amyl  alcohol,  bromobenzene, 
iodobenzene,  petroleum  ether.  Experiments  in  which  solutions  of  the 
ethylene  derivative  in  methyl  acetate,  ethyl  formate,  and  chloroform 
were  evaporated  at  — 25  °  yielded  no  molecular  compounds. 

Experiments  with  a  Mixture  Containing  Acetone  and  Ethyl  Alcohol.— 
Tetrabromo-tetraphenyl-ethylene  forms  a  compound  with  acetone  but 
not  with  ethyl  alcohol.  It  seemed  of  interest  to  determine  what  pro- 
portion of  acetone  must  be  present  in  the  mixture  of  the  ketone  and  the 
alcohol  to  permit  the  formation  of  a  compound  with  the  former.  A 
study  of  various  mixtures  led  to  the  conclusion  that  a  relatively  small 
amount  of  the  alcohol  prevented  the  molecular  compound  from  being 
formed.  When  6  volumes  of  the  ketone  and  one  of  the  alcohol  were  present 
the  molecular  compound  was  formed;  when  5  volumes  was  used  a  mixture 
of  crystals  was  obtained;  and  with  4  of  the  ketone  and  one  of  the  alcohol 
no  molecular  compound  separated. 

Experiments  with  a  Mixture  Containing  Acetone  and  Chloroform.— 
Tetrabromo-tetraphenyl-ethylene  does  not  form  a  compound  with  chloro- 
form. When  the  former  was  dissolved  in  a  mixture  of  9  volumes  of  ace- 
tone and  one  volume  of  chloroform,  crystals  of  the  molecular  compound 
with  acetone  were  obtained.  These  were  dried  in  the  air  and  then  gently 
heated  and  the  acetone  given  off  collected.  This  was  found  to  be  free 
from  b^ldgen  compounds.    This  and  the  experiment  described  above 
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indicate  that  these  molecular  compounds  could  be  used  to  prepare  pure 
solvents. 

Experiments  with  p-Tetrachloro-tetraphenyl-ethylene,  (ClC^HLOiC  -* 
CCC^HiCl)^.1  The  ethylene  derivative  was  prepared  by  a  new  method 
which  appears  to  be  more  satisfactory  than  the  one  described,  p-f '- 
Dichloro-diphenyl-carbinol  was  first  prepared  from  the  corresponding 
ketone.  Twenty  g.  of  the  latter,  20  g.  of  zinc  dust,  12  g.  of  sodium  hy- 
droxide, and  300  cc.  of  alcohol  were  boiled  for  3  hours  and  filtered  hot. 
To  the  solution  water  was  added,  when  the  carbinol  was  precipitated. 
This  was  crystallized  from  60  cc.  of  alcohol,  and  then  melted  at  91.50. 
The  yield  was  nearly  that  theoretically  possible. 

Eight  g.  of  p-p'-dichloro-phenyl-carbinol  was  heated  to  the  boiling-point 
with  10  cc.  of  the  constant-boiling  mixture  of  water  and  hydrobromic 
acid  for  3  hours.  The  product,  dichloro-diphenyl-bromomethane,  was 
extracted  with  carbon  disulfide.  On  evaporation  of  the  solvent  it  wa 
taken  up  in  ether,  from  which  it  was  obtained  in  crystals  which  melted  at 
70-7 1  °.  These  were  heated  in  a  flask  in  an  oil-bath  at  1500  for  3  hours, 
and  finally  cautiously  with  a  small  free  flame  as  long  as  hydrogen  bromide 
was  given  off .  The  contents  of  the  flask  were  then  dissolved  in  boiling 
carbon  tetrachloride  in  which  the  compound  is  difficultly,  soluble.  On 
cooling  a  molecular  compound  of  tetrachloro-tetraphenyl-ethylene  sep- 
arated which  lost  carbon  tetrachloride  on  standing. 

Preparation  of  the  Compound  (C1C6H4)*C  -  C(CeH4Cl)i.2CCl4.— 
This  compound  was  obtained  by  allowing  the  ethylene  derivative  to  crys- 
tallize from  carbon  tetrachloride  at  room  temperature.  It  loses  the  added 
chloride  very  slowly.  The  percentage  loss  found  was  39.66:  the  calculated 
loss  is  39-59%- 

Preparation  of  the  Compound  (ClCeH^eC  »  CCCtHtCOt^CHfCOCH* 
— At  room  temperature  a  molecular  compound  is  not  formed.  When 
the  solution  is  evaporated  at  the  temperature  of  a  bath  of  calcium  chloride 
and  ice  well-formed  crystals  of  the  molecular  compound  separated.  Cal- 
culated loss  for  the  above  formula,  19.80%;  that  found  was  21.6%.  The 
compound  effloresced  very  rapidly  at  room  temperature,  and  lost  2b% 
of  its  weight  in  40. minutes.   . 

Preparation  of  the  Compounds  (ClCeH^C  =  C(C6H4Cl)6.C«He  and 
(ClCaH^C  -  C(C»H4Cl)2.CH3COQiH6.— These  compounds  were  ob- 
tained when  hot  solutions  cooled  to  room  temperature.  The  calculated 
and  obtained  losses  on  heating  to  1  io°  were,  respectively,  14-23  and  15.35% 
and  13.28  and  13.58%.     No  compound  was  obtained  with  ethyl  acetate. 

Experiments  with  p-Chloro-tetraphenyl-ethylene,  OCfH^CtHiQ  .«• 
C(C*H&)j. — This  compound  was  prepared,  by  an  improved  method;  15 
£.  of  p-chloro-benzophenone  chloride  and  9  g.of  cttphenyl-methane.were 
1  The  work  on  this  compound  was  done  by  Paul  G.  Woodward. 
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heated  together  in  an  oil-bath  for  2  hours  at  1700.  The  temperature 
was  slowly  raised  during  3.5  hours  to  225 °  at  which  temperature  the  heat- 
ing was  continued  for  2  hours.  The  mixture  was  then  heated  with  a 
small  flame  for  2  hours  more.  On  standing  overnight  the  product  changed 
to  a  mass  of  crystals,  which,  after  washing  with  water,  were  recrystallized 
from  alcohol.    The  compound  melted  at  162  °;  the  yield  was  15  g. 

The  monochloro  derivative  of  tetraphenyl-ethylene  did  not  form  a 
compound  with  carbon  tetrachloride  at  room  temperature,  but  when  a 
solution  of  the  compound  in  carbon  tetrachloride  was  evaporated  at  — 15  ° 
small  crystals  were  obtained  which  effloresced  rapidly  at  room  tempera- 
ture. The  crystals  were  removed  from  the  solvent  and  placed  on  a  porous 
plate,  which  had  been  previously  cooled  in  a  desiccator.  After  standing 
for  3  minutes  the  crystals  were  weighed  and  heated.  The  loss  in  weight 
calculated  for  a  compound  of  the  formula  C1C*H4.C*H6C  =  C(C«H«)i.- 
2CCI4  is  45.69% ;  that  found  was  47. 10%.  When  the  molecular  compound 
was  kept  at  room  temperature  for  15  minutes  before  the  determination 
in  loss  of  weight  was  made  the  value  found  was  38.90%.  There  was 
evident  decomposition  of  the  compound.  No  molecular  compounds  could 
be  isolated  with  benzene,  methylpropyl  ketone,  or  acetone. 

Preparation  of  the  Compound  CeH8C6H4.CeH6CHOH.CCl4.— No  com- 
pound was  formed  at  room  temperature  but  at  — io°  crystals  separated 
from  the  solvent  that  corresponded  in  composition  to  the  above  formula. 
The  loss  in  weight  obtained  was  37.47%;  that  calculated  was  37.19%. 
It  is  of  interest  to  note  in  this  connection  that  no  molecular  compound 
of  diphenyl-carbinol  and  carbon  tetrachloride  could  be  isolated  at  — 20  °. 
This  fact  is  in  accord  with  the  general  conclusion  that  increase  in  molecular 
weight  favors  the  formation  of  such  compounds. 

No  addition-product  with  acetone  could  be  isolated.  In  general, 
carbon  tetrachloride  has  been  found  to  have  a  greater  tendency  to  form 
molecular  compounds  than  have  ketones  or  esters.  Neither  p-monobromo- 
diphenyl-carbinol  nor  ^'-diddoro-diphenyl-carbinol  formed  molecular 
compounds  with  carbon  tetrachloride  or  acetone  at  — 15  °. 

Preparation  of  the  Compound  [CeH^Hi^H^CHClk-CCU.— When 
the  diphenylmethane  derivative  was  crystallized  from  carbon  tetrachloride 
at  — 15  °  a  very  unstable  addition  product  was  formed.  It  lost  weight 
rapidly  in  the  air.  When  kept  20  minutes  in  an  ice-chest  the  loss  on  heat- 
ing was  17.84%.  When  it  was  dried  rapidly  in  the  air  for  2  minutes  the 
loss  on  heating  was  18.66%.  The  theoretical  loss  for  a  compound  of  the 
above  formula  is  21.66%.  No  molecular  compound  with  acetone  could 
be  isolated.  Diphenyl-chloromethane  gave  no  compound  with  carbon 
tetrachloride. 

Caicmxoo*  39,  Mass. 
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[Contribution  from  the  Chemical  Laboratory  of  the  Massachusetts  Institute 

op  Technology.] 

THE  REACTION  BETWEEN  ALCOHOLS  AND  AQUEOUS  SOLU- 
TIONS OF  HYDROCHLORIC  AND  HYDROBROMIC  ACIDS.    IL 
By  Jambs  F.  Norris  and  Robert  S.  Muluken. 

Received  July  19,    1920. 

In  previous  papers1  the  action  of  aqueous  solutions  of  hydrochloric, 
hydrobromic,  and  hydriodic  acids  on  a  variety  of  alcohols  was  described. 
It  was  shown  that  the  reaction  furnished  the  most  convenient  method  of 
preparing  alkyl  bromides  and  iodides,  and  that  in  certain  cases  chlorides 
could  be  made  advantageously  in  this  way.  Recently  Kahn  has  found 
that  the  addition  of  sulfuric  acid  to  the  solution  of  hydrobromic  acid 
increases  the  yield  of  alkyl  bromides  obtained,  especially  in  the  case  of 
alcohols  of  higher  molecular  weight. 

The  previous  work  was  limited  to  monatomic  alcohols  and  had  to  do 
primarily  with  the  effect  of  the  structure  of  the  alcohols  on  the  ease  with 
which  the  reaction  took  place,  and  with  the  yields  obtained.  The  action  of 
hydrochloric  add  was  quite  different  from  that  of  hydrobromic  and  hy- 
driodic acids.  While  the  latter  formed  alkyl  halides  with  all  alcohols 
studied,  hydrochloric  acid  reacted  in  certain  cases  only.  Chlorides  were 
formed  from  all  tertiary  and  some  secondary  alcohols.  The  acid  did  not 
react  with  any  primary  saturated  aliphatic  alcohols;  it  formed,  however, 
chlorides  with  benzyl  alcohol  and  allyl  alcohol.  It  was  shown  that  the 
presence  of  unsaturated  radicals  and  aryl  radicals  rendered  the  hydroxyl 
group  active,  and  that  this  influence  decreased  as  the  position  of  these 
radicals  was  farther  from  the  hydroxyl  group.  Phenyl  and  unsaturated 
radicals  are  so-called  negative  groups;  it  seemed  advisable,  therefore, 
to  study  more  fully  the  reaction  between  alcohols  containing  such  groups 
to  determine  if  they  in  general  possessed  this  activating  influence.  It 
was  found  in  certain  cases  that  when  the  negativity  was  markedly  in- 
creased the  alcohol  containing  such  a  group  failed  to  react  with  aqueous 
hydrochloric  acid.  This  was  shown  to  be  the  case  with  the  nitrobenzyl 
alcohols. 

It  seems  probable  from  work  which  will  be  reported  later  that  the  re- 
action between  an  alcohol  and  a  halogen  acid  consists  in  the  addition  of 
the  two  compounds  and  the  subsequent  elimination  of  water.  The  ease 
with  which  these  two  separate  steps  occur  determines  whether  reaction 
takes  place  or  not  under  the  conditions  used.  If  this  view  is  correct  the 
'  difference  in  the  behavior  of  hydrochloric  acid  and  that  of  hydrobromic 
acid  can  be  explained. 

The  work  described  below  was  a  study  of  the  behavior  of  certain  poly- 
atomic alcohols  with  aqueous  solutions  of  hydrochloric  acid  and  hydro- 
1  Am.  Chetn.  /.,  38,  £27  (1907).;  Xhjs  Journal,  38, 1071  (1916). 
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bromic  acid ;  a  few  monatomic  alcohols  which  contained  either  negative 
substituents  or  belonged  to  classes  not  previously  investigated  were  also 
studied.  All  the  compounds  investigated  reacted  with  hydrobromic  acid; 
the  results  serve,  therefore,  to  strengthen  the  conclusion  previously  reached, 
that  the  acid  may  be  used  as  test  for  the  alcoholic  hydroxyl  group.  Aqueous 
hydrochloric  acid  replaced  hydroxyl  groups  in  certain  compounds 
containing  negative  substituents,  although  its  failure  to  act  in  other 
cases  brought  out  clearly  the  fact  that  other  influences  than  those  of 
negativity  serve  to  activate  the  hydroxyl  group. 

Ethylene  glycol  when  heated  with  aqueous  hydrobromic  acid  (sp.  gr. 
1.49)  yielded  a  mixture  of  the  bromohydrin  and  ethylene  bromide,  the 
proportions  of  which  varied  with  the  conditions  used.  When  propylene 
glycol  was  heated  with  the  acid,  profound  changes  occurred  which  led  to 
the  formation  of  highly  colored  oils.  From  trimethylene  glycol  a  yield 
of  62%  of  the  bromide  along  with  some  bromohydrin  was  obtained. 
Glycerol  gave  46%  of  the  dibromohydrin  and  13%  of  the  monobromo- 
hydrin.  A  detailed  study  of  the  conditions  under  which  the  reactions 
are  carried  out  would  probably  result  in  larger  yields.  In  a  number  of 
cases  only  very  small  amounts  of  the  alcohols  (3  to  5  g.)  were  employed 
so  that  large  yields  could  not  be  expected. 

The  chief  interest  in  the  work  lay  in  the  behavior  of  the  alcohols  with 
aqueous  hydrochloric  acid,  since  it  was  hoped  the  results  would  throw 
light  on  the  factors  which  activate  the  hydroxyl  group.  When  ethylene 
glycol  was  heated  with  a  large  excess  of  hydrochloric  acid  (sp.  gr.  1.17) 
12%  of  the  alcohol  was  converted  into  the  chlorohydrin.  Since  ethyl 
alcohol  does  not  react  with  aqueous  hydrochloric  acid  in  an  open  vessel 
the  activation  in  this  case  may  be  due  to  the  added  negative  hydroxyl 
group.  Ethylene  bromohydrin  did  not,  however,  react  with  the  acid. 
In  this  case  if  negativity  is  the  cause  of  the  activation,  the  substituting 
atom  is  too  negative  in  character,  and  the  effect  is  lost.  The  results  re- 
call the  fact  that  while  benzyl  alcohol  reacts  readily  with  hydrochloric 
acid,  the  nitrobenzyl  alcohols  do  not. 

When  propylene  glycol  was  heated  with  hydrochloric  acid,  deep-seated 
changes  took  place,  as  might  be  expected;  but  5%  of  chlorohydrin  was 
obtained.  Trimethylene  glycol  gave  a  trace  of  the  chloride  and  about 
28%  of  the  chlorohydrin.  Trimethylene  chlorohydrin  was  converted  to 
a  small  extent  into  the  chloride  when  boiled  with  hydrochloric  acid;  the 
bromohydrin  behaved  in  a  similar  manner.  In  these  cases  the  halogen 
was  in  the  0-position  to  the  hydroxyl  group,  whereas  in  ethylene  bromo- 
hydrin which  yielded  no  chloride  the  strongly  negative  halogen  atom  was 
in  the  a-position. 

Glycerol  reacted  to  a  slight  extent  only  with  the  acid  to  form  chloro- 
hydrins;  a  trace  of  dkhlorohydrin  and  about  9%  of  monochlorohydrin 


Digitized  by 


Google 


REACTION  BETWEEN  ALCOHOLS  AND  HALOGEN  ACIDS.      U.        2095 

were  formed.    Pinacone  hydrate  reacted  slowly  at  room  temperature 
with  hydrochloric  acid  (sp.  gr.  1.17)  and  gave  the  chloride. 

A  few  cyclic  alcohols  were  studied  to  learn  the  effect  of  ring  structure  on 
the  activity  of  the  hydroxyl  group.  Cyclohexanol  gave  a  yield  of  93%  of 
the  corresponding  chloride.  In  its  activity  the  alcohol  resembles  secondary 
and  tertiary  alcohols.  Menthol  reacted  much  more  sluggishly  and  gave  a 
yield  of  41%  of  the  chloride.  The  increase  in  the  molecular  weight  or 
the  radical  in  the  oriho  position  may  be  the  cause  of  the  difference  between 
the  activity  of  cyclohexanol  and  its  derivative.  Borneol  gave  but  30% 
of  chloride.  Cumin  alcohol  resembled  in  activity  benzyl  alcohol  and  gave 
practically  a  theoretical  yield  of  the  chloride. 

Unfortunately  so  many  factors  are  involved  in  the  reaction  between 
alcohols  and  aqueous  solutions  of  the  halogen  acid  used  that  no  definite 
general  conclusion  can  be  drawn  with  the  facts  at  present  available.  It 
is  planned  to  continue  the  work  with  special  attention  to  the  physical 
conditions  which  come  into  play.  The  fact  that  the  alcohols  and  their 
halides  vary  in  solubility  and  volatility  no  doubt  is  an  important  factor 
which  has  not  been  investigated.  Quantitative  measurements  will  be 
made  under  conditions  which  can  be  used  in  all  cases  so  that  the  results 
obtained  are  comparable.  The  qualitative  work  which  has  been  done 
was  necessary  in  order  to  survey  the  field  to  determine  which  compounds 
would  serve  best  in  a  detailed  quantitative  study  of  the  reaction. 

The  results  already  obtained  have  led  to  practical  methods  of  prepara- 
tion of  halides  which  have  proved  of  great  value.  The  main  problem — 
the  interpretation  of  the  mechanism  of  the  reaction — will  be  actively 
investigated,  since  it  is  of  the  greatest  importance  in  organic  chemistry 
to  know  more  about  the  manner  in  which  molecules  interact. 

Experimental  Part. 

Ethylene  Glycol. — A  mixture  of  20.3  g.  of  the  glycol  and  271  cc. 
of  cone,  hydrochloric  acid  (one  molecule  of  the  glycol  to  9  of  the  acid) 
was  heated  at  its  boiling-point  for  4.5  hours.  The  product  was  then 
fractionated  with  a  Le  Bel-Henninger  tube.  The  fractions  containing 
the  chlorohydrin  and  the  glycol  were  neutralized  and  extracted  with 
ether.  The  ethereal  solutions  were  dried  over  anhydrous  potassium 
carbonate  and  distilled.  Yield  of  chlorohydrin  was  12%;  b.  p.  127.6- 
128.60;  d*°  1. 194.    The  glycol  recovered  weighed  10.5  g. 

Ethylene  Bromohydrin. — A  mixture  of  5.7  g.  of  the  hydrin  and  22.7 
cc.  of  cone,  hydrochloric  acid  was  kept  near  its  boiling-point  for  6.5  hours. 
Some  decomposition  occurred  but  there  was  no  evidence  of  the  formation 
of  an  insoluble  halide. 

Trimethylene  Glycol. — A  mixture  of  5  g.  of  the  glycol  and  53  cc. 
of  cone,  hydrochloric  acid  was  slowly  distilled.  .The  distillate  was 
neutralized  and  extracted  with  ether.    After  drying  with  sodium  sulfate 
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the  ethereal  solution  yielded  1.8  g.  of  the  chlorohydrin,  which  boiled  at 
160.5  °  and  contained  36.55%  of  chlorine,  the  calculated  value  for  the 
compound  being  37.55%.    The  yield  of  chlorohydrin  was  thus  28%. 

A  mixture  of  3  g.  of  the  glycol  and  13.4  cc.  of  constant-boiling  hydro- 
bromic  acid  (molecular  ratio  one  of  glycol  to  3  of  acid)  was  heated  near  its 
boiling-point  for  several  hours  and  then  distilled.  The  oil  which  separated 
was  distilled  and  shown  to  be  trimethylene  bromide.  From  the  aqueous 
distillate  was  isolated  0.5  g.  of  a  liquid  which  had  the  specific  gravity  of  the 
bromohydrin.  The  yields  of  the  bromide  and  bromohydrin  were  62  and 
8%  respectively. 

In  another  experiment  conditions  were  used  which  favored  the  forma- 
tion of  the  bromohydrin.  Four  g.  of  trimethylene  glycol  was  heated  with 
7.14  g.  of  constant-boiling  hydrobromic  acid  (mol.  ratio  1  to  1.2)  at  700 
for  an  hour.  The  mixture  was  then  raised  to  the  boiling-point  for  a  few 
minutes  until  an  insoluble  oil  began  to  form ;  it  was  then  cooled,  neutralized, 
and  extracted.  The  ethereal  solution  left  on  evaporation  3.3  g.  of  a  liquid 
which  possesses  the  properties  and  solubility  in  water  of  ethylene  bromo- 
hydrin. Since  it  contained  54%  of  bromine  and  the  pure  compound  con- 
tains 57*5%  the  sample  was  not  quite  pure.    The  yield  was  43%. 

A  small  sample  of  trimethylene  bromohydrin  was  distilled  with  cone, 
hydrochloric  acid.  A  small  amount  of  an  insoluble  oil  was  obtained  which 
was  no  doubt  formed  as  the  result  of  the  displacement  of  the  hydroxyl 
group  by  chlorine. 

Glycerol. — A  mixture  of  105.4  g.  of  95%  glycerol  and  898  cc.  of  hydro- 
chloric acid  of  sp.  gr.  1.178  (molecular  ratio  1  to  9.4)  was  kept  at  the 
boiling-point  (about  85  °)  for  4  hours  and  then  slowly  distilled  through  a 
Le  Bel-Henninger  column.  After  the  excess  of  acid  had  distilled  over,  the 
temperature  rose  to  above  1 10  °,  the  residue  in  the  flask  darkened  rapidly, 
and  drops  of  oil  appeared  in  the  distillate.  The  distillation  was  con- 
tinued under  diminished  pressure.  At  the  end  of  the  distillation  the  flask 
contained  a  thick,  very  viscous  residue  which  weighed  58  g.  and  contained 
no  chlorine.  The  distillate  was  fractionated  and  yielded  10.8  g.  mono- 
chlorohydrin,  which  is  a  9%  yield. 

A  number  of  experiments  were  carried  out  to  determine  the  behavior 
of  glycerol  with  aqueous  hydrobromic  acid  (sp.  gr.  1 .49) .  Three  molecular 
weight  equivalents  of  the  acid  to  one  of  the  alcohol  were  used.  The 
mixtures  were  distilled  slowly  until  the  temperature  rose  to  above  1260 
when  the  distillation  was  continued  under  diminished  pressure.  As  the 
temperature  increased  the  material  in  the  flask  darkened  and  finally  a 
tarry  residue  was  left.  By  fractionating  the  volatile  material  obtained 
when  50  g.  of  glycerol  was  used  66  g.  of  a  mixture  was  obtained  which 
yielded  approximately  ifg.  of  monobromohydrin  and  .55  g.  of  dibrotpo- 
hydrin.    This  corresponds  to  a  yield  of  13%  of,  the  former  and  46%  of  the 
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latter.  The  dibromohydrin  had  d|!  2.1348;  b.  p.,  870  (corr.)  8.5  mm. 
pressure  and  214.80  (corr.).  at  760  mm.  The  percentage  of  bromine 
found  was  72.66,  that  calculated  being  73.35%.  The  constants  reported 
for  the  symmetrical  dibromohydrin  are  as  follows,  b.  p.  105  °  at  16  mm., 
1240  at  38  mm.,  and  2190  at  760  mm.,  d18  2. 11.  The  constants  for  the 
unsymmetrical  compound  are,  b.  p.  1180  at  17  mm.  and  212-2140  at  760 
mm.,  d°  2.1682.  It  is  impossible  from  these  constants  to  determine  which 
dibromohydrin  was  formed  as  the  results  of  the  experiment  described 
above.  It  is  possible  that  the  product  was  a  mixture.  The  solubility 
of  the  compound  in  water  makes  it  appear  probable  that  it  was  the  sym- 
metrical dibromohydrin.  It  was  soluble  in  about  30  parts  of  cold  water 
and  in  a  slightly  less  volume  of  hot  water.  The  solubility  of  the  unsym- 
metrical dibromohydrin  is  reported  as  one  part  in  9  parts  of  water  at  19  ° 
and  6  parts  of  water  at  72  °. 

The  monobromohydrin  was  probably  the  one  of  the  structure  CH2OH.- 
CHOH.CH2Br.  It  boiled  at  1 20-1 23 °  at  10  mm.  pressure.  It  dissolved 
1.5  volumes  of  cold  water,  and  was  soluble  in  about  50  parts  of  cold  water. 
It  was  miscible  in  all  proportions  with  boiling  water.  The  symmetrical 
compound  CH2OH.CHBr.CH2OH  has  not  been  described.  The  boiling- 
points  recorded  for  the  known  bromohydrin  are  as  follows,  1340  at  16 
mm.,  1380  at  17  mm.,  1450  at  30  mm.  and  1600  at  60  mm. 

The  fractionation  of  the  product  was  difficult  as  in  the  presence  of  the 
acid  changes  took  place  slowly.  It  is  probable  that  some  of  the  mono- 
bromohydrin was  being  converted  into  the  dibromohydrin  or  that  molec- 
ular rearrangements  were  taking  place.  The  reaction  deserves  further 
study. 

Pinacone. — It  has  been  shown  by  previous  workers1  that  pinacone 
is  concerted  into  the  corresponding  dibromides  and  dichlorides  when 
treated  with  aqueous  solutions  of  the  halogen  acid  saturated  at  o°.  After 
standing  at  room  temperature  for  some  time  yields  of  about  75%  of  the 
halides  were  obtained.  When  pinacone  is  distilled  with  the  acids  pina- 
coline  and  other  ill-defined  products,  some  of  which  contained  halogen, 
were  formed. 

Cyclohexanol. — When  3  g.  of  the  alcohol  was  treated  with  25  cc. 
of  cone,  hydrochloric  acid  at  room  temperature  it  dissolved.  The  solution 
soon  clouded.  On  heating,  an  oil  continued  to  separate  and  in  one  hour 
the  reaction  appeared  to  be  complete.  The  oil  was  separated,  washed  with 
a  solution  of  sodium  carbonate  and  dried  over  calcium  chloride.  The 
yield  was  3.3  g.  or  93%.  The  oil  boiled  at  142. 7-145 °  (corr.)  at  760 
mm.     The  recorded  boiling-point  is  143  °  at  758  mm. 

Menthol. — A  mixture  of  5  g.  of  menthol  and  28  cc.  of  cone,  hydro- 
1  Thiele,  Bet.,  27,  455  (1894);  Kondakow,  /.  prakt.  Chetn.,  54,  429  (1896);  62, 
169  (1901). 
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chloric  acid  (mol.  ratio  i  :  9)  was  gently  boiled  for  several  hours.  The 
layer  of  insoluble  oil  was  separated,  dried  and  analyzed.  It  was  found 
to  be  a  mixture  of  chloride  and  unchanged  alcohol.  The  yield  of  chlo- 
ride in  the  mixture  was  41.3%. 

Borneol. — When  7.5  g.  of  borneol  was  heated  with  40  cc.  of  constant- 
boiling  hydrochloric  acid  the  solution  soon  clouded.  After  boiling  for  4 
hours  the  solid  product  was  separated  and  dried  over  sulfuric  add.  It 
melted  at  163.5-1700.  Borneol  melts  at  2040  and  its  chloride  at  1570. 
The  product  was  evidently  a  mixture.  A  halogen  determination  showed 
that  it  contained  about  33%  of  the  chloride.  A  fractional  crystallization 
of  the  product  from  petroleum  removed  most  of  the  unchanged  borneol. 

Cumin  Alcohol. — When  the  alcohol  was  mixed  with  constant-boiling 
hydrochloric  acid,  the  acid  layer  soon  clouded  showing  that  reaction  was 
taking  place  at  room  temperature.  After  boiling  the  mixture  for  2  hours 
it  was  neutralized  and  extracted  with  ether.  The  product  boiled  at  227- 
228 °;  the  recorded  temperature  is  225-229°.  The  yield  was  practically 
that  theoretically  possible. 

Cambkzdob  39,  Mass. 
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CHEMICAL  PUBLICATIONS.1 

By  William  A.  Noybs. 

In  an  address  which  has  been  given  before  the  members  of  a  number  of 
the  Local  Sections  of  our  Society  I  have  emphasized  the  training  of  our 
young  men  in  methods  of  research  and  the  discovery  of  new  facts  and  new 
principles,  as  the  indispensable  foundation  upon  which  the  development 
of  chemistry  must  rest.  But  research  work  and  discoveries  are  barren  so 
long  as  they  remain  the  exclusive  possession  of  an  individual.  The  very 
rapid  development  of  our  science  during  the  last  half  century  depends 
in  no  small  degree  upon  the  improved  facilities  for  publication  which  have 
made  new  discoveries  very  quickly  available  for  all  who  wish  to  use  them. 

Through  the  middle  ages  and  at  their  close  the  alchemists  and  iatro- 
chemists  had  no  journals  or  organized  methods  of  publication.  Their 
researches,  if  we  can  dignify  their  random  experiments  by  such  a  name, 
were  published  in  books,  usually  in  the  Latin  language.  Many  of  the 
alchemists  used  mystical  symbols  and  expressions  and  some  of  their 
writings  were  designed  rather  to  conceal  than  to  reveal  their  knowledge — 
an  art  which  has  not  been  altogether  lost  in  the  writing  of  German  and 
sometimes  of  other  patents. 

It  is  very  significant  and  interesting  for  us  as  a  Society  to  recall  that  the 
beginning  of  a  different  and  better  form  of  publication  had  its  origin  in 
the  organization  of  national  societies,  about  the  middle  of  the  seventeenth 
1  President's  Address  delivered  at  Chicago,  September  8,  1920. 
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century.  Between  1650  and  1670  such  societies  were  begun  in  London, 
Vienna,  Florence  and  Paris.  The  Royal  Society,  which  grew  from  the 
union  of  small  scientific  societies  in  Oxford  and  London  has  been,  perhaps, 
the  most  effective  of  the  group  in  its  influence  upon  the  growth  of  science. 
The  meeting  of  small  groups  of  kindred  spirits  in  these  societies  gave  an 
opportunity  for  the  announcement  of  new  results  and  for  the  exchange 
of  ideas  upon  scientific  topics  which  was  most  useful,  not  only  in  the 
dissemination  of  new  knowledge,  but  perhaps  still  more  in  that  growth  of 
ideas  which  comes  from  the  action  of  keen  minds  upon  each  other.  We 
miss  something  of  this  very  valuable  side  of  society  life  im  the  large  meet- 
ings of  the  present  time.  It  is  better  represented,  now,  by  the  discussions 
among  small  groups  in  our  laboratories. 

The  publication  of  the  Philosophical  Transactions  of  the  Royal  Society, 
begun  in  1665,  represents  a  new  function  of  the  Society  which  became  of 
vastly  greater  importance  than  the  scientific  meetings.  It  would  be 
difficult  to  overestimate  the  value  of  those  Transactions  in  their  effect  on 
the  growth  of  science.  In  their  pages  are  to  be  found  the  first  notice  of  the 
microscopic  organisms  which  we  now  call  bacteria.  There,  too,  we  find 
an  account  of  the  epoch-making  discoveries  of  Davy  and  of  Faraday  and 
of  others  who  did  some  of  the  fundamental  work  of  the  nineteenth  century. 

The  publication  of  the  Comptes  rendus  in  France  was  begun  in  1776, 
the  year  of  our  American  Independence.  Like  the  Transactions  of  the 
Royal  Society  it  publishes  articles  in  many  different  lines  of  science.  In 
other  respects  the  policies  of  the  two  Journals  are  very  radically  different. 
The  Royal  Society  aims  to  publish  papers  which  are  the  finished  product, 
frequently  .of  years  of  work,  and  publication  has  often  been  long  delayed. 
Publication  in  the  Comptes  rendus  is  prompt  but  the  papers  are  very 
brief  and  frequently  lack  details  which  are  essential  to  make  them  useful. 
Both  kinds  of  publication  are  desirable  but  for  the  permanent  growth  of 
our  science  and  for  the  future,  publication  of  the  form  used  in  the  Transac- 
tions is  much  more  valuable. 

As  far  as  I  can  learn,  the  first  journal  devoted  to  chemistry  apart  from 
other  sciences  was  CrelTs  Chemische  Annalen,  which  began  as  the 
Chemisches  Journal  in  1778.  The  oldest  chemical  journal  which  has  had 
a  continuous  existence  is  the  Annates  de  chimie,  which  was  begun  in 
1789,  the  year  of  the  French  Revolution,  by  de  Morveau,  Lavoisier, 
Berthollet,  de  Fourcroy  and  four  others,  less  well  known.  The  subtitle 
of  the  journal  was  "ou  Recuiel  de  Memoires  conceraant  de  Chimie  et  les 
Arts  qui  en  Dependent."  In  the  introduction  the  value  of  chemistry  for 
the  arts  is  emphasized,  also  the  purpose  of  making  new  work  in  chemistry, 
wherever  undertaken,  available  to  all.  Another  object  was,  undoubtedly, 
to  give  untrammelled  expression  to  the  new  ideas  advocated  by  Lavoisier 
at  a  time  when  the  Journal  de  Physique  was  still  controlled  by  adherents 
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of  the  phlogiston  theory.  This  journal  must  have  been  one  of  the  factors 
which  made  Paris*  a  chief  center  for  the  development  of  chemistry  for 
fifty  years  following.  Four  volumes  were  published  the  first  year,  at 
12  francs  each.  Volume  18  was  published  in  July,  1793,  and  we  find  in 
it  some  signatures  of  blue  paper,  a  reflection,  doubtless,  of  the  troublous 
times  when  it  was  printed,  for  that  was  the  beginning  of  The  Terror. 
After  that  there  is  a  hiatus  for  four  years  and  Volume  19  appeared  in 
1797  "Par  les  Citoyens  Guyton,  Monge,  Berthollet,  etc."  We  miss  the 
name  of  Lavoisier,  who  was  executed  in  1794.  In  resuming  publication 
the  editors  explain  the  interruption  by  saying  that  it  was  because  of  the 
necessity  of  busying  themselves  with  the  defense  of  the  Republic,  the 
events  of  the  Revolution  and  the  public  occupations  and  functions  of  the 
authors.  In  1816  the  second  series  of  the  journal  was  commenced  under 
the  name  Annates  de  chimie  et  de  physique.  The  ninth  series  began  in 
1914,  once  more  under  the  original  name  Annates  de  chimie.  The  other 
part  of  the  ninth  series  is  published  as  Annates  de  physique. 

A  second  journal  of  very  great  importance  was  founded  in  1832  under 
the  name  Annaten  der  Pharmgcie.  The  editors  were  Brandes,  Lorenz, 
Geiger  and  Liebig.  Volume  25,  published  in  1838,  bears  the  names  of 
Dumas  of  Paris,  Graham  of  London  and  Liebig,  evidently  an  attempt  to 
make  the  journal  international.  Apparently  this  did  not  prove  success- 
ful, for  with  Volume  41,  four  years  later,  we  find  only  the  names  of  Wohler 
and  Liebig.  In  1840  the  name  was  changed  from  Annalen  der  Pharmacie 
to  Annalen  der  Chemie  und  Pharmacie  and  this  name  continued  till  the 
death  of  Liebig  in  1873.  *n  ^74  we  fiad  *he  name  which  is  still  retained, 
Justus  Liebig's  Annaten  der  Chemie.  Through  the  middle  of  the 
nineteenth  century  the  Annaten  was  doubtless  more  valuable  than  any 
other  journal  for  the  development  of  chemistry.  It  remains  one  of  our 
most  valuable  journals  but  its  relative  value  has  decreased  for  three 
reasons — the  growth  of  the  journals  of  national  societies,  the  establish- 
ment of  special  journals  for  various  fields  and  the  fact  that  it  has  become 
exclusively  a  journal  of  organic  chemistry. 

Silliman's  Journal,  which  later  became  the  American  Journal  of  Science \ 
was  organized  in  1 8 1 8.  This  has  published  some  chemical  articles  through- 
out its  history  but  when  Professor  Remsen  and  others  began  the  in- 
tensive study  of  organic  chemistry  in  the  seventies  they  did  not  find  that 
journal  a  very  suitable  medium  of  publication.  This  led  to  the  establish- 
ment of  the  American  Chemical  Journal  in  1879.  F°r  the  following 
thirty  years  that  journal  contributed  much  toward  the  development  of 
chemistry  in  America  and  to  the  recognition  of  the  work  of  American 
chemists  abroad.  During  that  period  it  was  more  often  quoted  than  any 
other  American  journal.  In  19 13  we  had  the  good  fortune  to  incorporate 
it  in  our  own  Journal, 
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Just  as  it  was  in  England  that  the  first  scientific  journal,  the  Philosophical 
Transactions,  appeared,  so  it  was  in  England,  again,  that  the  first  repre- 
sentative of  the  group  of  journals  which  has  become  the  most  important 
of  all,  was  published.  The  Quarterly  Journal  of  the  Chemical  Society  of 
London  began  in  1847.1  It  was  followed  by  the  Bulletin  de  la  societe 
chimique  de  Paris  in  1864,  the  Berichie  der  deutschen  chemischen  Gesettschaft 
in  1868,  the  Gazzetta  chimica  italiana  in  1871,  and  our  own  Journal  of  ike 
American  Chemical  Society  in  1876.  These  journals  fulfil,  more  nearly  than 
any  others  the  function  of  the  older  volumes  of  the  Annalen  in  furnishing 
their  readers  with  an  account  of  researches  from  all  fields  of  chemistry.  I 
believe  we  are  justified  in  thinking  our  own  Journal  performs  this  function 
more  fully  than  any  other  journal  published  at  the  present  time.  In 
these  days  of  intense  specialization  it  is  very  important  for  us  to  retain 
some  knowledge  of  fields  remote  from  our  own.  President  Remsen  once 
told  me  that  in  his  student  days  he  read  the  older  volumes  of  the  Annalen 
till  he  was  familiar,  in  a  general  way,  with  all  of  the  important  researches 
recorded  in  them.  Even  as  late  as  the  8o's  we  heard  of  chemists  who  read 
the  Berichte  from  cover  to  cover  and  I  an*  sure  that  some  of  those  who 
did  so  gained  a  breadth  of  view  that  is  too  rare  today.  I  should  consider 
it  a  very  great  misfortune,  especially  for  our  younger  men,  if  there  were 
any  important  branch  of  chemistry  which  was  not  occasionally  represented 
by  papers  in  our  Journal. 

In  spite  of  this,  the  special  journals,  which  we  now  have  in  such  pro- 
fusion serve  a  very  important  function.  In  talking  with  young  men  and 
women  who  are  trying  to  acquire  a  working  knowledge  of  French  and 
German  I  often  point  out  that  there  should  be  two  rather  distinct  elements 
in  their  study.  There  must  be  an  intensive  study  of  grammar  and  of  a 
few  articles  or  books  till  these  are  thoroughly  mastered  and  then  there  must 
be  a  large  amount  of  more  superficial  reading,  best  in  elementary 
chemistries  dealing  with  subjects  with  which  they  are  familiar.  In 
studying  a  foreign  language  we  sometimes  forget  that  we  have  not  looked 
up  in  a  dictionary  one  word  in  a  thousand  of  those  we  understand  in  our 
mother  tongue.  We  have  acquired  a  knowledge  of  the  meaning  of  these 
words  by  meeting  them  over  and  over  again  in  a  great  variety  of  connec- 
tions and  each  time  we  see  the  word  we  add  something  to  our  knowledge 
of  its  meaning.  It  is  for  this  reason  that  the  words  of  our  mother  tongue 
have  for  us  a  wealth  of  meaning  that  the  words  of  a  foreign  language  can 
never  acquire  until  we  have  lived  with  them  intimately  for  many  years. 
But  a  knowledge  of  the  meaning  of  words  in  a  foreign  language  may  be 
acquired  by  extensive  reading  and  use,  without  a  dictionary,  exactly  as  we 

1  The  Chemical  Society  had  published  previously,  however,  the  "Memoirs  and 
Proceedings,**  Vols.  I  to  III,  1841-43,  1843-5,  1845-47,  containing  original  papers 
and  some  abstracts. 
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acquire  our  own  language.  There  may  even  be  some  question  whether 
our  teachers  of  language  do  not  overdo  the  study  of  grammar.  Young 
children  do  not  study  grammar. 

A  truly  professional  knowledge  of  chemistry  must  be  acquired  in  some- 
what the  same  manner  as  a  language.  We  must  have  an  intensive  study 
of  the  fundamental  principles  and  some  knowledge  of  the  more  common 
facts.  But  Ostwald  is  right  when  he  says  that  we  have  not  done  as  well 
as  the  physicists  in  organizing  our  instruction.  They  have  directed  their 
teaching  more  toward  general  principles.  We  have  allowed  ourselves  to 
be  burdened  with  too  great  a  mass  of  details.  We  should  direct  our 
elementary  teaching  more  toward  the  great  underlying  principles  of  the 
science,  using  the  details  rather  as  the  necessary  setting  by  means  of  which 
the  principles  can  be  understood  in  their  various  relationships.  But  it  is 
a  great  mistake  to  think  that  one  of  these  principles  can  be  acquired  by 
learning  a  definition  and  understanding  one  or  two  illustrations  of  its 
application.  We  must  live  with  it,  just  as  we  live  day  after  day  with  the 
words  of  our  mother  tongue.  It  is  here  that  the  extensive,  general  read- 
ing that  I  have  referred  to  is  so  useful.  It  is  here,  too,  that  teaching  of 
general  chemistry  is  such  a  valuable  experience.  The  older  professors  in 
the  German  universities  have  been  accustomed  to  give  elementary  courses 
both  in  general  chemistry  and  in  organic  chemistry.  I  suspect  that  the 
compelling  motive  was  the  fees  from  courses  attended  by  large  numbers 
of  students  but,  nevertheless,  they  gained  in  that  way  an  intimate  knowl- 
edge of  those  things  which  are  most  fundamental  in  our  science.  In  this 
manner  their  attention  was  often  directed  to  gaps  in  our  knowledge  and 
problems  for  research  were  suggested. 

To  some  extent,  therefore,  the  journals  of  our  national  societies  may 
well  furnish  articles  covering  a  wide  range,  and  every  chemist  should  read 
them,  while  the  special  journals  may  well  publish  articles  suitable  for  in- 
tensive study  in  a  narrow  field.     I  will  come  back  to  this  point  again. 

In  some  sense  the  special  journals  in  chemistry  bear  the  same  relation 
to  the  national  and  other  journals  which  publish  articles  from  all  fields, 
that  the  chemical  journals,  when  they  were  first  established,  bore  to  the 
Philosophical  Transactions,  Comptes  rendus,  Silliman's  Journal,  and  other 
journals  covering  many  lines  of  science. 

The  first  of  these  special  journals  was,  I  think,  Fresenius's  Zeitschrift  fur 
analytischen  Chemie,  started  in  1862.  Hoppe-Seyler's  Zeitschrift  fur 
physiologischen  Chemie  was  begun  in  1877,  Dr.  Hart's  Journal  of  Analytical 
Chemistry  in  1887,  Ostwald's  Zeitschrift  fur  physikalischen  Chemie  in  the 
same  year,  the  Zeitschrift  fur  anorganischen  Chemie  in  1892,  the  Journal 
of  Physical  Chemistry  in  1896,  and  the  Journal  of  Biological  Chemistry  in 
1905.  As  with  other  journals  spoken  of  in  this  address,  the  list  is  not 
intended  to  be  exhaustive,  and  any  one  else  who  prepared  similar  lists 
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would  almost  surely  make,  in  part,  a  different  selection.  Each  of  these 
journals  has  been  useful  and  some  of  them  have  played  a  very  important 
part  in  the  growth  of  our  science. 

Of  a  somewhat  related  character,  in  that  they  may  be  considered  partly 
special,  are  the  industrial  journals.  Wagner's  Jahresberichte  fiber 
chemische  Technologie  was  founded  in  1855,  Die  chemische  Industrie,  pub- 
lished by  the  Verein  zur  Wahrung  der  Interessen  der  chemischen  Industrie 
Deutschlands,  in  1878.  This  journal  is  published  by  a  society  of  Manu- 
facturers and  Manufacturing  Companies.  The  Society  for  Chemical 
Industry  was  organized  in  188 1  and  the  first  volume  of  its  Journal  was 
published  in  1882.  Dr.  Hart's  Journal  of  Analytical  Chemistry  became  the 
Journal  of  Analytical  and  Applied  Chemistry  in  1 890.  In  1 893,  that  Journal 
was  combined  with  our  Journal  under  the  editorship  of  Dr.  Hart,  beginning 
a  new  era  in  the  publications  of  our  Society.  Our  Journal  of  Industrial  and 
Engineering  Chemistry  began  in  1909  under  the  editorship  of  W.  D.  Rich- 
ardson. The  new  French  journal,  Chimie  et  industrie,  published  by  La 
Soci&i  de  la  Chimie  Industrielle,  began  in  19 18  in  the  midst  of  the  Great 
War,  and  is  a  reflection  of  the  extraordinary  part  played  by  chemistry  in 
the  war.  These  journals  and  the  meetings  of  the  societies  which  they 
represent  have  done  something  toward  transferring  to  chemical  industry 
that  habit  of  freely  publishing  new  discoveries  which  has  long  been  second 
nature  to  scientific  men.  The  spirit  of  the  older  industry  was  to  guard 
trade  secrets  most  carefully  and  every  competitor  was  looked  upon  as  a 
rival  whose  advancement  was  considered  as  an  injury  to  others  who 
manufactured  the  same  or  similar  articles.  To  that  older  time  trade  and 
industry  were  war,  the  battle  was  to  the  strong  and  the  weak  must  be 
ruthlessly  crushed.  It  was  natural  under  such  a  regime  that  the  manu- 
facturer should  consider  almost  exclusively  his  own  interest  and  should 
care  little  for  the  interests  of  his  workmen,  to  say  nothing  of  the  interests 
of  the  public.  Where  such  an  attitude  was  at  its  worst  we  can  not  wonder 
that  workmen  became  indifferent  to  the  interests  of  their  employers. 

I  am  optimist  enough  to  believe  that  a  better  day  is  dawning  when 
cooperation  among  manufacturers  is  replacing  destructive  competition, 
when  there  will  be  a  fairer  division  of  profits  and  losses  between  employees 
and  employers  and,  fully  as  important  as  either,  when  the  public  interest 
will  be  considered  and  treated  equitably  by  both.  The  command  of 
nature's  resources  given  us  by  the  scientific  advances  of  the  last  century 
is  certainly  such  as  to  make  possible  a  fair  livelihood  for  every  one  who  is 
willing  to  give  a  proper  return  in  productive  labor.  As  scientific  men  we 
must  certainly  put  ourselves  on  the  side  of  those  forces  which  aim  to 
reduce  war  and  ruinous  competition  between  individuals,  or  manufacturers, 
or  nations.  A  useful  direction  for  us  to  work  as  chemists  is  to  promote 
the  spread  of  useful  information  gained  in  our  industrial  life.    These  are 
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questions  in  which  I  am  intensely  interested,  but  over  which  we  must  not 
linger. 

The  growing  volume  of  chemical  literature  led  to  the  desire  for  some 
authoritative  medium  which  should  furnish  a  brief  record  of  the  advances 
each  year  and  which  should,  at  the  same  time,  serve  as  an  index  for  the 
literature  of  the  year.  For  this  purpose  Liebig  and  Kopp  published  in 
1849  the  Jahresberichte  uber  die  Fortschritte  der  reinen,  pharmaceutischen 
und  teehnischen  Chemie.  During  the  last  half  of  the  nineteenth  century 
this  was  the  indispensable  guide  for  any  careful  search  of  the  literature. 
Gradually  the  task  of  compilation  became  so  great  and  the  publication 
was  so  delayed  that  the  volumes  have  lost  much  of  their  usefulness. 

To  furnish  more  prompt  reports  of  current  work  the  London  Chemical 
Society,  the  Deutsche  chemische  Gesellschaft  and  other  societies  began 
the  publication  of  abstracts.  The  Chemisettes  Centralblatt  was  begun  for 
the  same  purpose  in  1856.  In  fact,  it  began  as  the  Pharmaceutisches 
Centralblatt  in  1830  and  continued  as  such  until  1850,  when  it  became 
known  as  the  Chemisch-Pharmaceutisches  Centralblatt,  then  was  changed 
to  Chemisches  Centralblatt  in  1856.  In  1897  it  was  taken  over  by  the 
Deutsche  chemische  Gesellschaft  and  took  the  place  of  the  abstracts 
which  that  Society  had  been  publishing  in  the  Berichte.  The  Centralblatt, 
however,  was  sent  only  to  members  who  subscribed  and  paid  for  it  in 
addition  to  their  dues  for  the  Society.  This  plan  of  publication  cannot 
be  considered  a  success,  as  nearly  one-half  of  the  members  failed  to  sub- 
scribe, with  the  result  that  they  were  deprived  of  the  use  of  the  abstracts 
and  the  latter  became  unduly  expensive.  The  membership  of  the  Society 
fell  off  and  the  circulation  of  the  Zentralblatt1  has  never  exceeded  about 
2000  copies.  Twenty  years  ago  the  question  of  publishing  an  abstract 
journal  was  often  discussed  in  our  Council.  An  abstract  journal  for 
American  research  which  had  been  started  by  Professor  A.  A.  Noyes  was 
taken  over  and  continued  by  our  Society  for  a  few  years.  At  that  time 
we  felt  that  a  general  abstract  journal  was  financially  impossible.  In 
1905,  however,  an  attempt  was  made  to  unite  the  London  Chemical 
Society,  with  a  membership  of  about  3000,  the  Society  for  Chemical 
Industry,  then  with  a  membership  of  about  4500,  and  our  own  Society, 
with  a  membership  of  nearly  3000,  in  the  publication  of  a  common  journal. 
The  three  societies  comprised  about  8000  individuals  and  it  was  thought 
that  this  would  give  the  necessary  financial  support  at  a  very  moderate 
rate  for  each.  The  English  Societies  were  unwilling  to  enter  into  such  a 
combination  and  a  year  later  we  decided  to  establish  the  journal  alone, 
beginning  in  1907.  Profiting  by  the  experience  of  the  German  Society 
we  increased  our  dues  by  $3.00  and  furnished  Chemical  Abstracts  to  all 
of  our  members.  This  policy,  and  the  same  policy  applied  to  our  In- 
1  The  spelling  was  changed  to  "Zentralblatt"  in  1907. 
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dustrial  Journal,  has  been  phenomenally  successful.  The  attraction  of 
our  Journals  together  with  the  loyalty  of  our  members  in  the  local  sec- 
tions, and  the  very  efficient  work  of  our  Secretary,  have  caused  the  member- 
ship of  our  Society  to  grow  far  beyond  that  of  any  other  in  the  world. 

The  mass  of  details  which  have  been  accumulated  by  chemical  research 
has  made  necessary  the  publication  of  compendia  of  various  kinds.  The 
earliest  of  these  were  the  chemical  dictionaries,  Watt's  "Chemical 
Dictionary"  in  England  and  somewhat  similar  dictionaries  in  France  and 
Germany.  Dr.  Andrew  Ure,  Professor  of  the  Andersonian  Institution, 
compiled  a  "Dictionary  of  Chemistry,"  "on  the  basis  of  Mr.  Nicholson's," 
and  the  first  American  edition  of  this  dictionary,  edited  by  Dr.  Robert 
Hare  and  Dr.  Franklin  Bache,  was  published  in  Philadelphia  in  182 1.1 

Later,  in  1881-83,  we  have  Beilstein's  "Handbuch  der  organischen 
Chemie."  The  second  edition  was  published  in  1886-90  and  the  third  in 
1 893-99  and  five  volumes  of  supplements  from  1 90 1  to  1 906.  The  prepara- 
tion of  the  f  ourth  edition  was  begun  by  the  German  Chemical  Society  in 
1907  and  the  publication  of  this  edition,  which  will  cover  the  literature 
of  organic  chemistry  only  to  1910  was  begun  in  1919.  It  will  be  several 
years  before  the  publication  is  completed.  More  than  150,000  compounds 
will  be  described  briefly  in  this  monumental  work.  Before  printing  be- 
gan, 250,000  marks  (over  $60,000)  had  been  spent  under  the  direction  of 
the  Editors  Bernhard  and  Prager  Paul  Jacobson.  There  are  to  be  15 
volumes  of  about  1000  pages  each.  Dr.  Jacobson  writes  me  that  a  large 
amount  of  material  has  been  accumulated  for  supplements,  which  are 
planned  to  cover  the  period  1910-1925.*  In  the  spirit  of  nationalism 
which  is  often  evil  and  full  of  danger,  and  not  of  patriotism,  which  is 
good,  but  which  should  always  be  compatible  with  hearty  codperation 
between  nations — in  a  spirit  of  nationalism,  I  repeat,  some  Englishmen 
and  Americans  have  wished  to  replace  Beilstein's  "Handbuch"  by  a  book 
of  the  same  scope  in  English.  A  sober  second  thought  must,  I  think,  lead 
us  to  question  seriously  the  wisdom  of  this,  for  two  reasons,  first,  is  it 
wise  for  us  to  duplicate  the  colossal  amount  of  work  which  has  gone  into 
the  preparation  of  this  book;  I  think  it  is  a  very  moderate  estimate  to  say 
that  it  would  take  a  staff  of  twenty  chemists  five  years  to  collect  the 
materials  for  the  book  before  printing  could  be  commenced  and  that  the 
cost  of  the  complete  work  would  be  at  least  $250,000.  It  might  easily 
be  two  or  three  times  that.  Second,  we  should  consider  carefully  whether 
a  quite  different  type  of  book  would  not  meet  our  future  needs  better. 
1  There  is  a  copy  of  this  work  in  the  library  of  the  Department  of  Chemistry  at 
the  University  of  Illinois,  and  according  to  an  inscription  which  was  made  on  the  fly 
leaf  on  March  19,  1833,  it  was  the  property,  at  that  time,  of  the  old  Dominican  Mon- 
astery at  Kaskaskia,  Illinois.     (Kaskaskia  was  the  oldest  settlement  in  Illinois.) 

*  An  interesting  article  by  Dr.  Jacobson  on  Beilstein's  Handbuch  is  to  be  found 
in  Die  Naturudssenschaften  for  April  4,  1919,  p.  222. 
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Do  we  not  need,  most,  a  book  which  shall  give  all  the  classes  of  organic 
compounds  with  their  methods  oi  preparation  and  properties,  followed, 
in  each  case,  by  a  table  giving  a  carefully  selected  list  of  the  more  im- 
portant compounds  of  the  given  class  with  their  physical  constants  and 
references  to  the  literature  for  each  constant  selected?  When  I  was 
abroad  in  1912  I  expressed  to  some  of  my  friends  the  wish  that  there 
might  be  found  some  way  to  annihilate  those  portions  of  our  literature 
which  are  worthless.  The  thought  met  with  a  very  hearty  response. 
German  scholars  have  been  past-masters  in  accumulating  all  of  the  data 
to  be  found  in  the  literature  about  a  given  topic.  They  have  not  always 
been  as  successful  in  selecting  that  which  is  important  and  rejecting 
things  which  are  worthless  or  obsolete.  A  critical  selection  of  compounds, 
given  by  classes  in  a  series  of  tables,  would  be  more  useful  for  many  pur- 
poses than  the  more  complete  account  of  all  compounds  given  in  Beil- 
stein's  "Handbuch."  We  must  still  have,  of  course,  a  complete  catalog 
of  all  known  compounds.  For  the  future  such  a  catalog  is  probably 
better  given  in  a  formula  lexicon. 

Gmelin-Kraut's  "Handbuch  der  anorganischen  Chemie"  has  very 
much  the  same  function  for  inorganic  chemistry  as  that  of  Beilstein  for 
organic.  Abegg's  "Handbuch"  is  more  of  the  nature  of  a  critical  com- 
pendium and  for  most  purposes  it  is  more  useful.  Meyer  and  Jacobson's 
"Lehrbuch  der  organischen  Chemie"  serves  somewhat  the  same  purpose. 

The  first  of  the  formula  lexicons  was  published  by  Richter  in  1884. 
It  registered  20,000  organic  compounds.  The  second  edition,  published 
in  1900  gave  74,000  compounds,  and  the  third,  in  1910-12,  150,000.  The 
formula  indexes  of  the  Berichte  and  Annalen  have  always  seemed  to  me  of 
very  little  value.  We  scarcely  look  for  any  given  compound  in  a  journal 
of  that  type  unless  we  remember  that  there  has  been  an  article  upon  it  in 
that  particular  journal.  Even  if  we  do  know  that,  we  often  use  the  index 
of  Chemical  Abstracts  rather  than  that  of  the  special  journal  to  locate  the 
article  we  wish.  I  am  sure  that  the  formula  index  which  is  to  be  pub- 
lished for  the  first  time  this  year  in  Chemical  Abstracts  will  very  soon  prove 
itself  so  useful  that  we  shall  wonder  how  we  ever  got  on  without  it.  That 
index  will  not  copy  the  Richter  system  exactly  but  will  follow  a  more 
logical  and  consistent  system  devised  by  Mr.  E.  A.  Hill  of  our  Patent 
office.1  Mr.  Hill's  system  differs  from  that  of  Richter  primarily  in  that  it 
includes  inorganic  as  well  as  organic  compounds.* 
1  This  Journal,  aa,  478-94  (1900). 

*  Mr.  Crane,  editor  of  Chemical  Abstracts,  has  prepared  the  following  statement: 
"Since  the  Hill  system  is  less  familiar  than  the  Richter  system,  it  may  be  explained  that 
according  to  the  former  the  symbols  in  formulas  are  arranged  in  a  purely  alphabetical 
order  except  that  in  carbon  compounds  C  always  comes  first,  followed  immediately 
by  H,  if  hydrogen  also  is  present.  The  number  of  atoms  of  any  specific  kind  influence 
the  order  of  compounds  (e.  g.,  all  compounds  with  C,  come  before  those  with  Ci),  but 
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Hill 

system. 

Richter  system. 

With 

a  few  inorganic  com 

pounds  added. 

i. 

CH4 

18. 

CeH4Br, 

AgBr 

15. 

C,H,CUO, 

2. 

CO 

19. 

C*HJ, 

AgNO, 

13. 

CH,HgO, 

3- 

cs, 

20. 

CJI*N, 

Ag^i04P 

H- 

OH«N|04 

4- 

CBe. 

21. 

CeHtCl 

BrQ 

18. 

C^Br, 

5. 

CMn, 

22. 

C^H*Br    - 

4. 

CBe, 

19. 

COM, 

6. 

CHN 

23. 

C7H8O4N1S 

12. 

CC1,0 

22. 

C,H3r 

7- 

CHCU 

24. 

CtHsOsNAs 

7- 

CHC1, 

21. 

c^ci 

8. 

CHiO 

25. 

CtHsOiN^ 

6. 

CHN 

20. 

CJI*N, 

9. 

CH^4 

26. 

CrHsOeNAs 

11. 

CHjBrj 

17. 

C«H« 

10. 

CH«Cli 

10. 

CH1CI1 

24- 

CtHsAsNO, 

11. 

CH,Br, 

9. 

CH«N4 

26. 

C7HtAsNO, 

12. 

COCls 

8. 

CH»0 

23. 

CrHiNjO^S 

13. 

CHtOHg 

1. 

CH4 

25. 

cmws 

14- 

CAO4N, 

5- 

CMn, 

C1KO, 

15. 

CtHfOfCls 

2. 

CO 

CIO, 

16. 

CHUClBr 

3. 

CS, 

Cl,Cu 

17. 

CA 

16. 

CJHfBrCl 

0«SZn 

I  have  a  hope  that  when  the  time  comes  for  another  Decennial  Index 
we  may  have  a  complete  American  formula  index,  including  all  known 
chemical  compounds.  It  will  be  a  very  large  task  to  prepare  such  an 
index  but  such  indexes  will,  most  likely,  furnish  chemists  of  the  future 
the  best  means  available  of  finding  their  way  to  the  practical  use  of  that 
vast,  and  ever  increasing,  mass  of  detailed  information  which  the  in- 
dustrious chemists  of  the  world  have  accumulated. 

no  attention  is  paid  to  the  number  of  kinds  of  atoms  in  the  molecule.  Examples  of 
both  systems  are  given  below.  It  has  been  my  experience  that  the  Hill  system  does 
not  seem  as  good  as  the  Richter  system  at  first,  particularly  if  one  is  accustomed  to  the 
latter  system,  but  its  appeal  grows.  The  object  is  not  to  classify  but  to  index.  Former 
editor  Patterson,  who  is  always  ready  generously  to  help  us  with  our  problems,  has 
written  as  follows  regarding  the  two  systems:  The  Richter  system  has  usage  in  its 
favor;  however,  this  may  not  be  a  sufficient  reason  for  retaining  a  system  of  German 
origin  if  there  is  a  better  and  simpler  one,  and  if  not,  this  is  the  best  time  to  change. 
I  submit  the  following  arguments  that  occur  to  me:  1.  Richter:  (a)  Usage:  (b) 
Partial  classification  in  each  series,  the  hydrocarbons  being  brought  together  at  the 
beginning,  and  compounds  of  many  elements  being  relegated  to  the  end.  2.  Hill: 
(a)  Simplicity;  a  purely  alphabetical  order  of  symbols  is  used  except  that  by  putting 
C  and  H  first  the  organic  compounds  are  thrown  together.  Neither  must  the  number 
of  kinds  of  elements  be  taken  into  account  (we  do  not  have  to  determine  the  number  of 
kinds  of  different  letters  in  a  word  in  order  to  look  it  up  in  a  dictionary).  (6)  Applica- 
bility without  change  to  inorganic  as  well  as  organic  compounds,  (c)  Usage:  This 
system  is  already  in  use  in  a  Government  card  index  of  several  hundred  thousand  cards 
which  has  cost  about  $60,000  to  date.  At  present  this  index  is  of  limited  use,  due  to 
neglect  but  I  believe  could  and  should  be  made  very  valuable  to  the  chemists  of  the 
country.  It  might  eventually  form  the  basis  of  subscription  cards  like  the  Library 
of  Congress  cards,  (d)  I  have  found  by  experimenting  that,  in  spite  of  my  familiarity 
with  the  Richter  system,  cards  can  be  more  rapidly  and  certainly  arranged  and  looked 
up  by  the  Hill  system.  The  question  does  not  touch  the  arrangement  of  isomers; 
under  either  system  these  could  be  arranged  by  any  scheme  desired.'  " 


Digitized  by 


Google 


PRESIDENTIAL  ADDRESS.  2109 

Another  type  of  publication  which  has  become  very  important  is  repre- 
sented by  the  Landolt-Bdrnstein  "Tables  of  Physical  Constants."  Ameri- 
can chemists  have  undertaken  to  prepare  a  book  of  this  character.  Here, 
again,  the  superabundance  of  material  and  the  fact  that  many  constants 
to  be  found  in  the  literature  are  now  entirely  worthless  because  they  have 
been  superseded  by  better,  recent  determinations,  constitute  the  most 
difficult  part  of  the  task.  When  only  one  value  can  be  true,  it  is  im- 
portant to  select  among  many  values  the  one  for  which  we  have  the  best 
evidence  that  it  approaches  closely  to  the  truth.  This  demands  an  im- 
partial, critical  judgment  and  a  breadth  of  knowledge  that  very  few 
possess.  Let  us  hope  that  the  right  man  may  be  found  to  supervise  this 
difficult  task. 

Detailed  knowledge  of  scientific  facts  accumulates  very  rapidly.  Our 
most  fundamental  theories  have  been  subject,  recently,  to  many  changes 
and  new  points  of  view  are  frequently  proposed.  Such  words  and  phrases 
as  radioactivity,  half-life  of  an  element,  atomic  numbers,  isotopes, 
vitamines,  polypetides,  metabolism  of  amino  acids  and  many  others  that 
might  be  given  suggest  topics  about  which  our  knowledge  had  scarcely 
begun  twenty  years  ago.  The  knowledge  of  many,  older  topics  is  also 
developing  and  changing  in  such  a  manner  that  only  those  intimately 
acquainted  with  them  can  keep  abreast  with  the  times.  It  is  of  very 
great  service  to  other  chemists  when  an  expert  in  such  a  field  is  willing  to 
digest  and  coordinate  the  knowledge  that  is  available  and  present  it  in  a 
reliable,  interesting  form.  The  form  of  publication  most  recently  under- 
taken by  our  Society  is  to  serve  this  purpose.  In  conjunction  with  the 
Chemical  Catalog  Company  we  are  to  issue  two  series  of  monographs,  one 
scientific  and  one  technical.  In  the  Technical  Series,  Dr.  H.  S.  Taylor 
is  preparing  a  monograph  on  "Industrial  Hydrogen"  and  Dr.  H.  C.  Porter 
one  on  the  "Carbonization  of  Coal."  In  the  Scientific  Series  a  mono- 
graph on  "Enzymes"  by  Dr.  K.  G.  Falk  will  appear  shortly.  One  on  the 
"Chemical  Effects  of  Alpha  Particles  and  Electrons"  by  S.  C.  Lind  is 
nearly  completed.  Others  in  process  of  preparation  are  on  "Conductance" 
by  Dr.  C.  A.  Kraus,  "Organic  Mercurials"  by  Dr.  Whitmore,  "The 
Animal  as  a  Converter"  by  Professor  H.  P.  Armsby,  "Silicates"  by  Dr. 
R.  B.  Sosman.  We  also  hope  for  a  monograph  on  "Thyroxin"  by  Dr. 
E.  C.  Kendall  and  one  on  "Vitamines"  by  Professor  H.  C.  Sherman. 
I  wish  to  ask  your  hearty  support  for  this  new  undertaking. 

This  has  been  called  the  Reconstruction  Meeting  of  our  Society.  It  is  a 
period  of  rapid,  far-reaching  changes  in  a  time  when  we  should  take  stock 
of  what  has  been  accomplished  and  forecast  carefully  the  directions  for 
further  development  and  change.  Our  three  Journals  form,  undoubtedly, 
the  most  important  activity  of  our  Society  and  through  these  journals  we 
contribute  more  to  the  advance  of  our  science  in  America  and,  each  year, 
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in  a  very  rapidly  increasing  degree,  throughout  the  world,  than  by  means 
of  all  our  other  activities  combined. 

The  Journal  of  the  American  Chemical  Society  contributes  chiefly  to 
the  development  of  a  better  theoretical  foundation  for  our  knowledge 
and  to  the  accumulation  of  an  accurate  knowledge  of  facts  upon  which 
the  chemists  of  the  future  must  build.  An  author  who  publishes  an 
account  of  his  researches  in  this  Journal  or  in  our  Industrial  Journal 
reaches  a  larger  circle  of  readers  than  it  is  possible  to  reach  by  means  of 
any  other  journal  of  the  same  type  published  in  the  world.  Motives  of 
economy  have  led  the  Editors  of  both  of  our  Journals  to  insist  on  careful 
restrictions  in  the  methods  of  presentation.  As  Professor  Lamb  has  put 
the  matter,  "Authors  should  write  their  papers  for  an  audience  of  experts 
familiar  with  the  particular  field  under  discussion,  and  should  not  attempt 
to  prepare  essays  or  monographs  addressed  to  the  general  chemical  public." 
There  should  be  a  clear,  brief  statement  at  the  beginning  of  the  paper 
giving  the  purpose  for  which  the  investigation  was  undertaken.  References 
to  previous  work  should  be  confined,  as  closely  as  possible  to  a  critically 
selected  set  of  references  to  the  literature.  Experimental  results  should  be 
given  in  as  concise  a  form  as  is  compatible  with  a  clear  presentation  and 
only  those  results  which  are  of  permanent  value  should  be  included.  When 
one  has  worked  for  many  months,  or  sometimes  for  years  over  a  topic 
there  is  often  a  great  temptation  to  present  the  results  in  a  chronological 
order  and  to  include  material  which  may  have  been  very  useful  in  ex- 
ploring the  field  and  in  finding  the  way  toward  the  final  conclusion,  but 
which,  nevertheless,  is  of  no  real  value  to  others.  Many  chemists  find 
the  writing  of  papers  irksome  and  many  others  fail  to  understand  the 
amount  of  time  and  the  painstaking  care  required  before  matters  which 
seem  clear  to  themselves  can  be  made  clear  and  useful  to  others. 

While  our  Editors  must  insist  on  brief  papers,  where  brevity  is  con- 
sistent with  adequate  presentation  of  valuable  material,  Professor  Lamb 
writes,  very  justly,  "I  do  not  think  we  should  insist  invariably  on  brief 
papers,  at  least  not  in  the  absolute  sense.  If  a  man  really  has  done  a  lot 
of  work  of  permanent  value,  it  should  be  published  and  rendered  access- 
ible." 

Professor  Lamb  also  writes,  "The  Journal  should  safeguard  zealously 
the  freedom  of  its  pages;  that  is,  nonconformity  with  current  opinions 
should  in  no  sense  hinder  the  publication  of  a  paper.  On  the  other  hand, 
this  nonconformity  should  not  relieve  the  author  at  all  from  compliance 
with  the  regular  standards  of  the  Journal,  both  as  to  form  and  as  to 
matter."  Articles  should  almost  always  close  with  a  clear,  concise  sum- 
mary of  the  results  obtained  in  the  investigation. 

It  is  the  aim  of  Chemical  Abstracts  to  give  an  abstract  of  every  chemical 
article  published  in  the  world,  if  the  article  contains  new  results.     It 
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reaches  this  aim  more  nearly  than  any  other  abstract  journal  now  pub- 
lished. With  our  present  financial  resources  the  length  of  the  abstracts 
is  necessarily  restricted  and  the  abstracts  frequently  contain  less  informa- 
tion than  our  Editor  would  be  glad  to  include.  Dr.  Crane  writes,  "For 
example,  if  funds  were  available,  we  could  rather  frequently  publish  tables 
of  new  data  which  would  be  very  useful,  rather  than  merely  refer  to  the 
tables  as  existing  in  the  original  papers.  The  indexes  of  Chemical  Ab- 
stracts ought  to  be,  along  with  the  abstracts,  complete  records  of  new 
information  of  chemical  interest  published  in  the  periods  covered.  Our 
present  policy  of  indexing  subjects  from  the  body  of  abstracts  thoroughly 
has  taught  us  some  things  regarding  the  preparation  of  abstracts.  If  we 
felt  free  to  do  so,  we  could  expand  many  abstracts  in  such  a  way  as  to 
improve  their  value  from  the  indexing  standpoint,  and  therefore,  from  the 
standpoint  of  their  use  as  a  record. 

"Indexes. — The  indexes  to  chemical  publications  destined  to  be  used 
for  reference  work  are  very  important  parts  of  these  publications.  This  is 
particularly  true  of  an  abstract  journal.  A  great  deal  of  our  study  and 
special  effort  here  has  been  in  connection  with  indexing,  and  in  attempting 
to  improve  abstracts  the  subject  index  is  kept  prominently  in  mind.  I 
believe  that  the  indexes  to  many  chemical  publications  are  weak  and  that 
the  fundamental  faults  have  been  the  failure  on  the  part  of  the  one  in 
authority  to  realize  that  a  trained  indexer  only  should  undertake  to  pre- 
pare an  important  index  and  the  failure  on  the  part  of  the  compiler  to 
bear  in  mind  that  a  so-called  subject  index  should  be  an  index  of  sub- 
jects and  not  one  of  words.  There  are  many  word  indexes.  Indexing  is  a 
science  and  profession.  While  I  do  not  want  to  make  any  claim  that 
perfection  has  been  approached  in  our  recent  indexes  to  C.  A.  (they  can 
be  improved  I  am  sure),  I  might  point  out  that  the  weakest  points  with 
reference  to  the  early  volumes  of  C.  A.  were  the  tendency  to  word-index 
and  the  lack  of  uniformity  in  nature  and  quality  of  the  indexes  from  year 
to  year.  The  Decennial  Index  has  perhaps  served  to  remedy  this  fault 
somewhat.  The  formula  indexes  to  be  published  annually  and  perhaps 
later  in  collective  form  will  round  out  our  indexes  and  strengthen  them 
more  than  any  other  additional  effort  could.  For  the  future  it  will  be  a 
wise  policy  for  the  indexes  of  C.  A.  to  continue  to  receive  special  attention 
and  in  the  interest  of  quality  and  uniformity  in  them  the  Society  would,  I 
believe,  do  well  to  recognize  that,  to  use  the  words  of  Dr.  J.  C.  Cain, 
Editor  of  the  Journal  of  the  Chemical  Society,  indexing  is  'a  very  specialized 
and  difficult  job/  one  requiring  special  training  and  experience  to  accom- 
plish well,  and  help  me  to  hold  in  this  rather  exacting  work  the  experienced 
helpers  who  have  been  through  the  Decennial  Index  mill  with  me  and  who 
are  dropping  away  into  things  which  pay  better.  Better  financial  recogni- 
tion of  the  professional  chemical  indexer,  who  must  be  chemist  and  indexer 
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both  and  who  is  in  somewhat  the  position  of  the  teacher  nowadays,  is  the 
burden  of  my  thought;  the  field  is  a  narrow  but  a  very  important  one." 

"Titles.— I  believe  that  it  would  be  an  improvement  in  our  chemical 
literature  if  greater  care  were  to  be  used  by  authors  of  papers  in  selecting 
their  titles.  Too  often  titles  do  not  adequately  tell  what  the  papers  are 
about.  Occasionally  titles  are  too  long.  A  good  index  does  not  depend 
on  titles  for  its  subjects  but  good  titles  will  usually  suggest  the  main 
subjects  of  the  work  being  described.  In  recent  years  there  has  been  an 
unfortunate  tendency  in  engineering  and  trade  journals  to  use  titles  which 
resemble  newspaper  headlines.  I  can  perhaps  illustrate  the  form,  at 
least,  by  quoting  a  recent  headline  in  one  of  our  local  newspapers:  'Com- 
bustion Causes  Costly  Conflagration.'  Conservative  titles,  which  are  not 
too  long  nor  detailed,  but  which  avoid  leaving  the  reader  with  a  vague 
notion  only  as  to  the  contents  of  the  paper  are  needed  in  some  cases  to 
replace  unsatisfactory  ones." 

What  has  been  said  with  regard  to  articles  to  be  published  in  the  Journal 
of  the  American  Chemical  Society  applies  equally  to  the  original  articles 
which  are  to  appear  in  our  Journal  of  Industrial  and  Engineering  Chemistry. 
Professor  Herty  has  asked  me  to  emphasize,  especially,  what  has  been 
said  with  regard  to  the  concise  presentation  of  the  results  of  an  investiga- 
tion. Both  of  our  Editors  frequently  find  it  necessary  to  return  papers 
to  authors  for  abbreviation.  In  almost  all  cases  such  shortening  of  papers 
is  an  advantage  both  to  the  author  and  to  readers  of  our  Journals  as  well 
as  a  saving  in  expense  to  the  Society. 

About  one-third  of  the  pages  of  our  Industrial  Journal  is  used  for  other 
purposes  than  the  publication  of  research.  Of  these  other  features  Pro- 
fessor Herty  writes: 

"The  Society  should  have  one  journal  which  can  be  a  news  publication. 
In  adopting  Dr.  Whitaker's  plan  and  principle  it  was  decided  that  there 
should  be  a  definite  editorial  policy.  There  should  be  personals,  in- 
dustrial notes,  space  for  correspondence,  such  letters  as  we  are  now  print- 
ing from  Washington,  London,  and  Paris,  accounts  of  various  scientific 
societies,  book  reviews,  market  reports  (why  not  in  a  journal  of  this 
character?),  and  such  addresses  as  it  is  believed  will  be  of  help  to  the 
average  member  of  the  Society. 

"For  instance,  we  printed  Dr.  Whitney's  Chandler  Memorial  lecture. 
Dr.  Whitney  is  an  authority  in  this  field.  He  spent  a  great  deal  of  his 
valuable  time  and  intelligent  effort  on  the  preparation  of  this  survey 
of  the  field  which  he  discussed.  It  was  a  splendid  piece  of  work  and  one 
which  the  great  majority  of  the  members  of  the  Society  could  read  and 
be  largely  benefited  thereby.  It  is  true  that  the  authorities  of  Columbia 
University  could  have  published  that  lecture,  but  not  one  member  in  a 
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bundled  of  the  A.  C.  S.  would  have  seen  it.    By  printing  it  we  put  it  in 
the  hands  of  every  member. 

"In  other  words,  This  Journal  must  be  made  attractive  and  readable 
by  inclusion  of  various  types  of  matter  which  will  keep  the  average  mem- 
ber of  the  Society  in  close  touch  with  developments  of  all  kinds.  My 
position  in  this  matter  is  that  rather  than  curtail  this  many-sidedness 
of  the  Journal,  we  should  further  extend  it,  as  for  instance  by  the  inclusion 
of  important  articles  on  chemical  engineering  by  high  authorities  in  that 
field.  An  especial  appropriation  was  made  for  this  purpose  by  the  Direc- 
tors when  I  first  became  Editor,  but  the  tax  of  war  service  on  the  men  best 
qualified  to  write  such  articles  was  so  great  that  it  was  impossible  to  carry 
out  the  plan.  Consequently  I  did  not  ask  for  a  renewal  of  the  appropria- 
tion on  the  scale  on  which  it  has  been  originally  given.  But  it  is  my  in- 
tention to  urge  the  Directors,  now  that  I  think  such  articles  can  be  secured, 
to  renew  that  policy. 

"But  apart  from  all  these  considerations,  it  must  be  remembered  that 
the  Society  looks  upon  This  Journal  as  the  agency  to  secure  additional 
income  through  advertising.  You  may  rest  assured  that  if  through  a 
policy  of  retrenchment  we  restrict  the  Journal  chiefly  to  publication  of 
research  in  the  industrial  field,  the  goose  that  lays  the  golden  eggs  will 
surely  be  killed,  and  advertising  will  drop  at  a  rate  which  will  amaze 
you.  The  hard  part  of  the  work  for  me  is  to  resist  the  constant  pressure 
to  modify  the  Journal  from  its  present  standard  of  being  a  scientific 
publication  by  adopting  some  of  the  practices  of  trade  journals.  This  I 
will  not  agree  to  so  long  as  I  am  Editor.  I  do  not  think  it  necessary  to 
adopt  such  practices  in  order  to  get  advertising  business,  but  in  order  to 
do  so  and  at  the  same  time  to  maintain  that  standard,  the  Journal  must 
certainly  be  made  attractive  and  readable  not  only  to  scientific  men  but 
to  men  in  the  plants,  business  offices,  etc.,  by  the  inclusion  of  a  wide 
variety  of  matter." 

During  the  present  year  we  have  greatly  enlarged  our  News  Service. 
Of  this,  Mr.  John  W.  Harrington,  its  technical  manager,  writes: 

"The  purpose  of  the  A.  C.  S.  News  Service  is  to  give  to  the  newspaper 
and  magazine  press  accurate  reports  concerning  chemical  developments 
in  the  United  States.  The  Service  was  founded  in  191 6,  when  it  was 
noted  that  the  press  of  the  country  was  flooded  with  inaccurate  and  often 
exaggerated  statements  concerning  chemistry.  At  the  suggestion  of  a 
group  of  New  York  newspaper  men,  a  publicity  committee  was  established 
and  bulletins  were  issued  from  time  to  time  to  a  limited  number  of  news- 
papers. 

"It  was  found,  however,  that  there  were  many  technical  reasons,  such 
as  the  gauging  of  news  values,  which  made  it  more  practical  to  have  this 
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work  in  charge  of  a  man  of  newspaper  training.  The  misunderstanding 
between  science  and  the  newspapers  has  been  due  largely  to  differences  of 
nomenclature.  The  public  and  the  scientist  often  speak  different 
languages.  The  gulf  has  been  bridged  by  the  A.  C.  S.  News  Service, 
providing  statements  and  bulletins  concerning  discoveries  in  chemistry, 
which  are  expressed  in  as  nontechnical  diction  as  is  consistent  with  pre- 
cision. 

"The  News  Service  seeks  to  interpret  chemical  activities  in  relation  to 
the  news  of  the  hour  and  the  thought  of  the  day.  It  takes  nothing  for 
granted  and  endeavors  to  reach  what  the  newspaper  and  magazine  editors 
call  'the  standard  average  reader/  the  intelligent  laymen.  Its  function 
is  to  translate  chemistry  into  terms  of  everyday  life. 

"The  News  Service  performs  for  chemistry  what  every  other  interest 
and  industry  in  the  United  States  has  found  it  necessary  to  do,  in  order 
that  its  work  and  its  motive  should  not  only  be  understood — but  not 
misunderstood.  Undoubtedly,  the  remarkable  services  which  chemistry 
performed  in  the  war,  would  have  been  ignored  or  submerged  had  not  the 
American  Chemical  Society  seen  to  it  through  this  channel  that  due  credit 
was  given  to  the  Chemical  Warfare  Service,  of  which  it  was  the  sponsor 
before  the  nation.  The  attempt  to  destroy  the  identity  of  the  Chemical 
Warfare  Service,  in  fact,  was  frustrated  largely  because  the  Society  was 
able  to  explain  to  the  public  through  the  newspapers  what  the  result  of 
such  an  action  would  have  been. 

"It  is  partly  because  the  bulletins  of  the  A.  C.  S.  News  Service  are 
prepared  in  accordance  with  the  usage  of  the  'newspaper  shop'  and  partly 
because  they  contain  nothing  commercial  and  make  no  attempt  to  gain 
any  notice  for  statements  which  are  properly  matter  for  the  advertising 
columns,  that  the  A.  C.  S.  News  Service  is  appreciated  and  recognized 
by  newspaper  editors.  They  have  confidence  in  it  because  they  know  that 
it  exploits  the  wares  of  no  man  and  that  it  is  guided  by  a  desire  to  truth- 
fully and  accurately  express  the  ideals  and  aims  of  the  American  chemist. 
Were  this  Service  conducted  with  any  commercial  intent,  which,  of  course, 
is  foreign  to  the  purposes  of  the  American  Chemical  Society,  it  would  cost 
far  more  than  the  modest  and  inadequate  appropriation  which  at  present 
is  assigned  to  it. 

"An  association  of  industrial  companies  had,  until  recently,  a  budget 
of  $125,000  a  year,  and  still  maintains  a  staff  of  experts  and  an  extensive 
publicity  service,  in  addition  to  what  expenditures  are  made  in  this  direc- 
tion by  individual  companies.  The  A.  C.  S.  News  Service,  far-reaching 
as  are  its  results,  has  given  little  or  no  individual  attention  to  newspapers 
and  magazines  and  has,  in  fact,  only  been  able  to  scratch  the  surface. 
Its  technical  manager  is  retained  on  a  part  time  basis  only  and  the  bulk 
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of  the  appropriation  is  spent  for  secretarial  and  office  expenses  and  for 
postage  and  supplies. 

"As  far  as  its  relations  with  the  American  press  are  concerned,  the 
A.  C.  S.  News  Service  is  conducted  on  a  policy  of  give  and  take.  It 
endeavors,  with  its  limited  facilities,  to  provide  material,  free  of  charge, 
as  acceptable  as  paid  contributions  would  be  and  devoid  of  propaganda. 
It  therefore,  has  the  good-will  of  the  American  press  to  such  an  extent  that 
when  crises  have  arisen  in  which  the  interests  of  the  chemical  profession 
were  affected,  it  has,  as  the  editorial  and  news  columns  of  every  leading 
American  newspaper  testify,  a  friend  at  court  in  the  Fourth  Estate." 

Members  often  ask  the  question  whether  it  might  not  be  possible  to 
furnish  our  members  a  choice  among  our  Journals  at  a  reduced  rate  for 
dues.  As  our  Council  has  decided  that  it  is  necessary  to  increase  our  dues, 
this  question  is  likely  to  be  raised  again.  The  question  has  been  partially 
answered  in  the  reference  to  the  experience  of  the  German  Chemical 
Society  in  connection  with  theChemischesCentralblatt.  The  fact  that  we  have 
furnished  our  members  with  an  abstract  journal  larger  than  the  Central- 
blatt  and  also  with  the  Journal  of  the  American  Chemical  Society  and  Journal 
of  Industrial  and  Engineering  Chemistry  for  $10  dues  to  American  members 
and  $12.50,  including  postage,  to  foreign  members,  while  the  Berichte  and 
Centralblatt  cost  foreign  members  about  $19.00  before  the  war,  and  the 
Journal  of  the  Chemical  Society  (London)  and  the  Journal  of  the  Society  of 
Chemical  Industry  cost,  together,  $16.25,  is  a  further  demonstration  of 
the  economy  to  our  members  of  the  policy  which  we  have  followed.  Those 
who  wish  to  receive  and  pay  for  only  one  or  two  of  our  three  journals 
forget  that  the  cost  of  collecting  the  material  for  the  Journals,  editing  and 
type-setting  is  the  same  whether  a  small  or  large  number  of  copies  are 
printed.  After  this  initial  work  is  done  it  costs  only  about  $2.00  a  year 
to  print  and  send  an  additional  copy  of  the  Journal  of  the  American  Chemi- 
cal Society  to  a  member  or  subscriber  and  about  $3.50  each  to  send  copies 
of  Chemical  Abstracts  or  of  our  Industrial  Journal.  It  is  evident  that  these 
are  the  maximum  rebates  which  we  could  possibly  offer  to  members  who 
do  not  care  for  one  of  the  journals  we  publish.  And  the  question  is  not 
as  simple  as  even  these  statements  of  cost  would  indicate.  Any  decrease 
in  the  circulation  of  our  Industrial  Journal  would  be  immediately  re- 
flected in  our  income  from  advertising.  We  must  certainly  continue  that 
splendid  spirit  of  cooperation  in  supporting  all  of  the  varied  interests  of 
our  Society  and  our  profession  which  has  made  our  present  commanding 
position  possible.  The  following  table  shows  clearly  the  phenomenal 
success  of  the  policies  adopted  by  the  Society.  At  a  time  when  all  other 
costs  have  increased  so  much  we  feel  sure  that  the  chemists  of  the  country 
will  stand  united  behind  the  Society  in  the  work  it  is  doing. 
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Tear.  Income.  Expense. 

1880 

1890 I,9I5-2I  I#9I5-2I 

1900 10,190.87  9,94395 

1905 16,532.37  15.353-76 

1906 23,106.67  20,494.44 

1907 33.275-25  27,248.89 

1908° 29,785.94  4i»302.86 

1909 55.985.65  51,175.20 

1910 61,760.91  52,483.64 

19x5 109,377.71  101,286.41 

1916 136,55765  123.375-77 

1917 196,210.57  i73,i95.io 

1918 203,483.32  165,158.92 

1919 232,935.53  227,73194 

19206 272,160.66  290,498.96 


Surplus.        Deficit. 


246.92 
1,178.61 
2,612.23 
6,026.36 


4,810.45 

9,277.27 

8,091.30 

13,181.88 

23,01547 
38,324.40 

5,203.59 


None 
None 
None 
None 

11,516.92 
None 
None 
None 
None 
None 
None 
None 

18,338.30 


Excess  of  assets  Mem- 
aver,  liabilities,    ben. 

288 

......  256 

1715 
2888 

3047 

336l 

3978 

4460 

501 1 

7332 

8265 

10504 

12099 

13568 

15577 


5,i558i 

7.0275I 

13,87574 

17,490.06 

5,17153 
14,316.09 

1 9.659- 1 7 

34,820.06 

51,038.25 

87,407-37 

126,601.27 

150,068.24 

131,729.94 


1908. 


Part  of  1906  dues  were  credited  to  1907  and  there  was  no  decrease  in  receipts  in 
6  Estimate  September  1,  1920. 
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The  present  investigation  was  undertaken  for  the  purpose  of  develop- 
ing a  method  of  measuring  the  hydrogen-ion  concentration  of  pure  water  as 
directly  as  possible.  It  was  desired  to  carry  out  this  work  in  such  manner 
as  to  avoid,  as  much  as  possible,  the  use  of  data  obtained  from  the  in- 
vestigation of  various  solutions  of  salts,  acids  or  bases.  The  object  was 
to  make  the  primary  measurements  on  pure  water  in  such  a  way  as  to  be 
translated  into  hydrogen-ion  concentration  through  the  use  of  only  such 
data  as  are  substantiated  by  such  proof,  both  experimental  and  theoretical, 
as  to  make  it  readily  acceptable  to  everyone. 

The  only  investigation  of  this  question  so  far  carried  out  in  which  meas- 
urements were  made  on  pure  water  was  that  of  Kohlrausch  and  Heyd- 
weiller  who  measured  the  conductivity  of  pure  water,  but  in  order  to  calcu- 
late hydrogen-ion  concentration  use  was  made  of  the  ionic  mobilities  as 
determined  in  solutions  of  acids,  bases  and  salts.  These  mobilities  may 
or  may  not  hold  true  for  pure  water.  A  more  complete  discussion  of  the 
possible  objections  to  be  raised  against  this  method  as  well  as  the  addi- 
tional objections  to  the  various  other  methods  will  be  given  later. 


Digitized  by 


Google 


DETERMINATION  OF   HYDKOGBN-ION  CONCENTRATION.  21 1 7 

Since  it  was  desired  to  make  the  measurements  on  pure  water  the  only 
other  method  that  presented  itself  was  that  of  determining  the  electro- 
motive force  of  a  cell  such  as  Hg  |  HgCl  KC1  (saturated)  |  pure  H3O  |  Hi. 
Heretofore  the  main  difficulty  encountered  in  this  measurement  was  that 
due  to  the  extremely  high  resistance  of  pure  water,  making  the  use  of  the 
potentiometer,  or  any  other  instrument  previously  employed  for  such 
measurements,  out  of  the  question.  The  problem  then  became  one  of 
developing  and  applying  a  method  of  measuring  potential  differences  in 
which  the  resistance  of  the  circuit  would  not  affect  the  accuracy  of  the  re- 
sults  and  which  at  the  same  time  would  not  require  an  excessive  amount 
of  current  for  operation.  This  latter  requirement  is  necessary  in  order 
not  to  change  materially  the  concentrations  in  the  cells  during  the  process 
of  measurement.  In  other  wtwrds,  the  new  method  must  have  all  the  ad- 
vantages of  the  potentiometer  method  with  the  additional  advantage  of 
being  independent  of  the  internal  resistance  of  the  cell.  Such  a  method 
as  this  being  accomplished,  the  measurement  of  the  voltage  of  the  cell 
Hg  I  HgCl  KC1  (saturated)  |  H20  |  H2  becomes  a  comparatively  sim- 
ple operation.  From  these  results  the  hydrogen-ion  concentration  of 
pure  water  may  be  readily  calculated  by  making  use  of  Nernst's  formula 
(E  =  0.00027  log  C/K),  and  the  established  value  for  the  saturated 
calomel  electrode. 

It  is  also  to  be  noted  that  the  application  of  such  a  method  would  not  be 
limited  to  the  cell  mentioned  above.  The  same  method  could  be  applied 
to  all  concentration  cells,  finding  its  greatest  use,  however,  in  connection 
with  the  measurement  of  the  electromotive  force  of  cells  having  such  a 
high  internal  resistance  as  to  render  them  impossible  of  measurement  so 
long  as  the  potentiometer  method  is  the  only  one  available.  The  new 
method  would  also  open  up  a  procedure  for  the  investigation  of  very  dilute 
solutions.  By  this  means  experimental  evidence  could  be  brought  to  bear 
on  many  of  the  numerous  assumptions  regarding  the  applicability  of  the 
laws  of  moderately  dilute  solutions  to  those  that  are  extremely  dilute. 
In  addition,  as  will  be  shown  later,  the  method  as  developed  makes  an 
ideal  arrangement  for  electrometric  titrations. 

Up  to  the  present  time  there  has  been  no  measurement  of  the  hydrogen- 
ion  concentration  of  water  based  solely  upon  the  results  of  an  investigation 
of  pure  water.  So  far  results  have  been  based  on  (1)  measurement  of 
the  electromotive  force  of  concentration  cells;  (2)  conductivity  measure- 
ments; (3)  hydrolytic  dissociation  of  salts;  (4)  velocity  of  reaction;  (5) 
by  use  of  colored  indicators. 

In  only  one  of  these  methods  (2)  have  any  measurements  actually  been 
made  on  pure  water.  Even  in  that  method  the  ionic  concentrations  could 
be  calculated  only  by  means  of  data  resulting  from  a  number  of  other  in- 
vestigations in  which  not  pure  water  but  various  solutions  were  employed. 
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The  following  table,  giving  the  results  of  previous  investigations,  is  a 
summary  of  what  has  been  accomplished  thus  far. 


1893     Arrhenius1 


Date.      Investigator.  Method  used. 

1893     Arrhenius"  Hydrolytic    dissociation    of    0.1    M 

sodium  acetate  solution.  Taking 
Shields'  values  of  0.008%  hydro- 
lyzed  at  25  ° 

Calculated  the  e.  m.  f .  of  Hi  |  M  HC1 1 
M  NaCl  J  M  NaOH  |  H,  to  be  0.806 
volts  neglecting  contact-potential 
difference  and  assuming  a  HC1  = 
0.854  «  NaOH  =  0.776 

Conductivity  of  aqueous  solutions 
containing  aniline 

E.  m.  f .  Hi  |  M  acid  |  M  base  |  H,  Neg- 
lecting contact  difference  potential 
and  assuming  100%  ionization  of 
both  acid  and  base 

Velocity  of  saponification  of  methyl 
acetate  in  water 
Kohlrausch  and  Specific  conductivity  of  pure  water. 


1893 
1893 

1893 
1894 


Bredig* 
Ostwald4* 

Wijs* 


1896     Lowenherz' 


Heydweiller/  Mobilities  of  ions  at  26 °  taken  as: 

H  ion  «  325,  OH  ion  =  189;  or  at 
18  °  H  ion  «  289,  OH  ion  =-  165. 

1894     Nernst9  Recalculated    hydrogen-ion    concen- 

tration from  the  average  e.  m.  f. 
obtained  by  Ostwald  and  LeBlanc* 
correcting  for  contact  potential 
difference,  using  mobilities  as  found 
by  LeBlanc.  Na  ion  »  32,  CI  ion 
=*  54,  H  ion  —  272,  OH  ion  =-  143. 
£.  m.  f.  Hi|o.iAf  HCl|o.iAfLia| 
0.1  M  NaOH  I  Htf  also  0.1  M  KOH 
correcting  for  contact  potential  dif- 
ferences using  ionic  mobilities.  H  ion 
=  325,  OH  ion  —  167,  CI  ion  —  70.2, 
Na  ion  =  49.2,  Li  ion  ■»  39.8. 

1907     Lunden'  Measured  dissociation  constant  and 

degree  of  hydrolysis  of  £-nitro- 
phenol  and  trimethylpyridine 

0  Arrhenius,  Z.  physik.  Chem.,  n,  805  (1893). 

*  Arrhenius,  ibid.,  n,  808  (1893). 

*  Bredig,  ibid.,  u,  830  (1893). 
4  Ostwald,  ibid.,  xi,  521  (1893). 

*  Wijs,  ibid.,  12,  514  (1893). 

f  Kohlrausch  and  Heydweiller,  ibid.,  14,  330  (1894). 
9  Nernst,  ibid.,  14,  155  (1894). 

*  LeBlanc,  ibid.,  8,  299  (1891). 

*  Lowenherz,  Z.  physik.  Chem.,  20,  283  (1896). 
'  Luden,  J.  chim.  phys.,  5,  574  (i9°7)« 


Hydrogen-tan         Tcsp. 
concentration.  *  C 


1. 125  X  io_T         25 

1. 125  X  io~T         25 
6.2  X  io~T  25 

9  X  10  ~*  Room  temp. 
1 .4  X  io"T  25 

1 .10  X  io"*         26 


0.8  X  io-*  18 


NaOHceU 
1. 19  X  10-1 
KOH  cell 
1. 13  X  io-» 


1 .05  X  io~T 


26 


25 
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Hydrogen-ion  Temp. 

Date.      Investigator,  Method  used.  concentration.  °  C. 

1907     Kanolt*  Hydrolytic  dissociation  of  ammonium 

salt   of   diketo-tetrahydro-thiazole      0.91  X  io"7 

1907     Noyes1  Conductivity  measurements  of  vari- 

ous aqueous  solutions  0.91  X  io"7 

1909     Lorenz*  E.  m.  f.  Hi|o.i  M HCl|o.i  M KC1 1 

BOhi  o.  1  M  KOH  |  H»,  correcting  for  con- 

tact potential  differences,  using 
ionic  mobilities  of  Kohlrausch.  K 
ion  —  74.5,  H  ion  —  352.1,  CI  ion  = 
75.3,  OH  ion  -»  195.9,  at  25  °  1.1  X  io~7  25 

1 9 1 5     Pales4  Indicator  method  similar  to  Sorenson* 

Nelson  Using  £-nitrophenol  as  an  indica- 

tor and  comparing  to  mixtures  of 
citrate  solutions  and  0.1  M  sodium 
hydroxide  15.8  X  io~7  25 

1 9 1 5     Sherman7  Confirmed  Pales  and  Nelson  results  by 

Thomas  the  same  method  15 .8  X  io*"7         25 

*  Kanolt,  This  Journal,  39,  1492  (1907). 

*  Noyes,  Carnegie  Inst.  Pub.,  1907. 

*  Lorenz  and  Bohi,  Z.  physik.  Chem.,  66,  733  (1909). 
d  Pales  and  Nelson,  This  Journal,  37,  2769  (1915). 

*  Sorensen,  Biochem.  Z.,  21,  131  (1909). 

f  Sherman  and  Thomas.  This  Journal,  37,  623  (19 15). 

No  attempt  will  be  made  to  give  the  complete  theory  of  each  of  the 
above  methods,  since  they  are  readily  accessible  in  the  original  works 
and  in  all  standard  texts  on  physical  chemistry.  The  mere  mention  of 
the  method  employed  serves  to  recall  the  numerous  assumptions  sur- 
rounding the  calculation  of  the  results  from  the  experimental  data.  The 
most  interesting  and  remarkable  feature  of  these  results  is  that  data  from 
such  entirely  different  sources  furnishes  values  for  the  hydrogen-ion  con- 
centration of  water  so  comparable  to  each  other.  However,  upon  ex- 
amination of  the  original  data  represented  above  we  find  that  without  ex- 
ception the  accuracy  of  each  of  the  individual  results  is  seriously  affected 
either  by  the  method  employed  or  its  execution  or  both,  and  each  makes 
use  of  a  multiplicity  of  assumptions  which  may  or  may  not  be  justified. 

Considering  first  only  the  determinations  from  electromotive-force 
measurements,  it  is  to  be  noted  that  while  all  these  electromotive-force 
measurements  give  values  for  the  concentration  of  the  hydrogen  ion  in 
water  between  9  X  io~7  and  1 . 2  X  io~7  none  of  the  measurements 
was  made  on  pure  water  and  in  the  computations  data  were  selected  from 
a  wide  range,  no  two  investigators  selecting  the  same  data  for  the  same 
purpose.  Furthermore,  the  conditions  which  were  accepted  for  compara- 
tively concentrated  solutions  were  assumed  to  hold  for  pure  water  itself. 

With  the  exception  of  the  conductivity  determinations  by  Kohlrausch 
and  Heydweiller,  the  other  methods  outlined  can  at  best  serve  only  as 
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corroborative  evidence  of  the  validity  of  values  obtained. by  the  electro- 
motive-force method,  for  these  contain  so  many  more  assumptions.  It  is 
interesting  to  note  that  Kanolt,  who  claims  no  additional  accuracy  for 
his  own  work,  in  1907,  after  discussing  the  previous  attempts,  concludes 
thus,  "Although  these  entirely  different  measurements  have  all  given 
for  the  ionization  of  water  values  of  the  same  order  of  magnitude  and 
have  thereby  furnished  one  of  the  most  striking  evidences  of  the  ionic 
theory,  yet  for  none  of  these  values  can  any  considerable  percentage  of 
accuracy  be  claimed." 

Considering  now  the  conductivity  measurements  of  Kohlrausch  and 
Heydweiller,  a  number  of  questions  might  properly  be  raised:  (a)  Do 
the  hydrogen  and  hydroxyl  ions  have  the  same  mobilities  in  pure  water 
as  in  solutions,  and  what  is  the  ionizing  effect  of  the  electric  field  of  force 
from  the  current?  (6)  Is  the  surface  effect  on  the  electrode  negligible? 
(c)  Do  the  ions  carry  the  entire  current?  (d)  Is  the  secondary  ioniza- 
tion of  hydroxyl  into  oxygen  and  hydrogen  ions  negligible  in  pure  water? 
(e)  Is  it  not  possible  that  this  secondary  ionization  takes  place  to  a  rather 
great  extent  at  the  surface  of  the  electrode? 

According  to  theory,  in  order  that  the  alternating  current  be  carried, 
a  minute  quantity  of  ion  must  be  discharged  and  then  recharged.  In 
the  case  of  the  hydroxyl  ion  this  would  have  to  ionize  further  into  oxygen 
and  hydrogen  ions  before  the  oxygen  could  be  discharged.  The  resultant 
of  these  effects  depends  upon  their  relative  magnitude. 

These  factors,  while  supposedly  negligible,  may  or  may  not  be  without 
considerable  effect  and  are  especially  alluded  to  because  they  apply  to 
the  only  work  so  far  accomplished  on  this  subject  in  which  the  measure- 
ments were  carried  out  on  pure  water.  In  the  works  of  Taylor  and  Acree,1 
in  1916,  and  of  Newbery,2  in  1918,  this  question  has  been  attacked  from 
2  different  angles.  These  investigators  have  shown  that  the  above  fac- 
tors are  not  without  effect  on  the  results. 

The  main  difficulty  connected  with  the  use  of  the  potentiometer  for 
measuring  the  electromotive  force  developed  by  cells  of  the  type  Hg  | 
HgCl  KC1  I  X  I  H2,  where  X  is  a  poor  conductor,  results  from  the  lack 
of  sufficient  amperage  to  allow  of  accurate  galvanometer  readings.  The 
problem  then  developed  into  devising  a  method  whereby  such  a  quantity 
of  electricity  as  would  accurately  actuate  the  galvanometer,  could  be 
withdrawn  from  the  cell,  stored  up,  and  instantaneously  discharged  through 
a  ballistic  galvanometer. 

From  a  consideration  of  the  relations  of  quantities  of  electricity  and 
current  strength  and  of  current  strength,  voltage  and  resistance  the  solu- 
tion to  the  above  problem  becomes  apparent.    Where  the  resistance  is 

1  Taylor  and  Acree,  This  Journal,  38,  2396  (19 16). 
*  Newbery,  /.  Chem.  Soc.  (London),  113,  701  (1918). 
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very  great  it  fe  only  necessary  to  connect  the  cell  to  a  condenser  of  suffi- 
cient capacity  and  allow  it  to  run  until  the  required  number  of  coulombs 
is  delivered,  and  then  to  discharge  the  condenser  through  the  galvano- 
meter in  one  pulse.  Accordingly,  the  arrangement  represented  by  the 
figure  was  tried.  (In  the  actual  work  a  charge  and  discharge  key  was 
used.)  With  the  switches  B  and  D,  as  indicated,  the  concentration 
cell  E  is  charging  the  condenser  C  with  a  quantity  of  electricity  equal  to 
the  product  of  the  voltage  of  the  cell  times  the  capacity  of  the  condenser, 
or  Q  =  E  C.  By  reversing  Switch  D  this  quantity  of  electricity  is  dis- 
charged through  the 
ballistic  galvanometer  G 
and  the  deflection  noted 
as  d\.  By  reversing 
Switch  B  with  D  in  its 
original  position  the 
standard  cell  charges  the 
condenser  with  a  known 
quantity  of  electricity 
which  may  then  be  dis- 
charged through  the  gal- 
vanometer and  the  de- 
flection noted  as  d*. 
Since  these  deflections 
are  proportional  to  the 
quantities  of  electricity 
passing  through  the  in- 
strument which  in  turn 
equals  the  product  of  the 
capacity  of  the  condenser 
and  the  voltage  of  the 
cell  we  have  E\  C/E2  C  = 
di/d*  or  Ei/Ez  =  di/ckt 
where  £1  and  E%  are  the 
voltages  of  the  concentration  cell  and  the  standard  cell,  respectively,  and  d\ 
and  do,  are  the  galvanometer  deflections  resulting  from  the  discharge  of  the 
quantities  of  electricity  Ei  C  and  E*  C.  Substituting  the  known  value  of  £2 
and  the  observed  values  of  d\  and  d*  we  can  readily  solve  for  E\.  In  practise 
it  is  much  easier  to  calibrate  the  galvanometer  over  the  particular  range  of 
deflections  to  be  observed,  calculating  the  electromotive  force  of  the  un- 
known cell  from  the  micro-coulomb  sensitivity  so  determined  or  reading 
it  from  a  chart  constructed  from  these  values.  The  former  method  was 
the  one  employed  in  this  work,  and  the  results  were  checked  at  frequent 
ntervals  by  using  condensers  of  different  capacities  so  as  to  get  the  same 
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deflection  of  the  galvanometer  with  the  standard  cell  and  the  unknown 
cell.  This,  of  course,  eliminated  any  slight  variations  due  to  imperfec- 
tions of  the  scale  divisions  or  to  errors  in  estimating  fractions  of  divisions. 
The  re  ults  were  then  calculated  directly  from  the  formula  E\d  =  JEjCt, 
where  Ex  and  E%  are  the  voltages  of  the  unknown  and  standard  cells,  re- 
spectively,  and  C\  and  C%  are  the  capacities  of  the  condensers  used  in 
connection  with  the  cells.  Throughout  this  work  no  differences  were  ob- 
tained by  using  the  two  methods  so  that  the  second  method,  which  is 
slightly  longer,  need  be  resorted  to  only  when  there  are  special  reasons 
for  checking  the  results  obtained  by  the  first  method. 

From  a  consideration  of  the  equation  Ei/Et  =  d\/d%  it  is  seen  that  the 
capacity  of  the  condenser  need  not  appear  as  a  factor  in  the  calculations. 
This  makes  it  possible  to  use  a  single  unit  condenser  of  unknown  capacity, 
calibrating  the  galvanometer  for  various  voltages  by  means  of  a  standard 
cell  and  such  a  condenser,  using  the  necessary  shunts  in  parallel  with  the 
galvanometer  in  order  to  secure  deflections  throughout  the  scale  range. 
Such  an  arrangement  would  naturally  result  in  a  very  material  reduction 
in  the  cost  of  the  apparatus.  The  very  moderate  cost  of  the  apparatus 
thus  modified  as  compared  to  that  of  the  potentiometer  equipment  fur- 
nishes an  additional  argument  for  its  use. 

A  Leeds  and  Northrup  low  sensitivity  galvanometer  was  used  for  this 
work.  The  same  standard  cell  and  condensers  were  used  in  its  calibra- 
tion as  were  used  in  the  investigation.  A  much  more  sensitive  galvano- 
meter is  to  be  preferred.  Although,  as  will  be  shown  later,  the  galvano- 
meter used  gave  results  accurate  to  one  millivolt,  it  required  an  undue 
amount  of  effort  not  needed  if  a  more  sensitive  instrument  were  em- 
ployed or  if  greater  magnification  of  deflections  of  the  scale  were  secured. 
With  the  scale  at  0.5  meter  from  the  galvanometer  the  following  calibra- 
tion was  effected  by  discharging  a  standard  Leeds  and  Northrup  Weston 
cell  through  various  capacities.  This  cell  was  checked  against  2  other 
standard  cells  of  the  same  make  and  found  to  develop  an  electromotive 
force  of  1. 01 823  volt. 

The  condenser  was  manufactured  by  Jas.  G.  Biddle.  The  calibration 
certificate  furnished  with  the  instrument  was  checked  in  the  Ernest 
Kempton  Adams  physical  laboratory  of  Columbia  University  and  found 
to  be  correct.  The  condenser  was  made  up  of  units  from  0.001  micro- 
farad to  0.5  microfarad,  the  sum  totaling  1.000  microfarad,  so  that  capaci- 
ties from  o  001  to  1. 000  microfarad  could  be  obtained. 

All  glassware  was  of  the  Non-sol  brand  and  all  bottles,  flasks,  beakers, 
etc.,  were  subjected  to  the  action  of  live  steam  for  3  hours  before  using, 
and  twice  thoroughly  rinsed  with  the  solution  to  be  contained  in  them 
before  introducing  the  main  portion  of  the  solution. 
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Deflection,  millimeter* 
Condenser  capacity.  *-■■  ■        ■••■■  ■   ■> 

Microfarads.  Left.  Right. 

I  .OO 50.O  50.0 

50.O  

,  498  500 

50.O  

O.50 25.O  25.O 

25.O  25.O 

25.O  25.O 

O.40 20.0  20.O 

20.0  20.0 

20.O  20.0 

0.30 15.O  15.0 

15  O  150 

150  15.O 

0.20     10.  o  10. o 

10. o  10. o 

10. o  10. o 

0.10 5.0  5.0 

5.0  5.0 

5.0  5.0 

The  water  used  in  this  work  for  making  up  the  calomel  cell  and  for  one 
series  of  hydrogen  electrodes  was  obtained  by  twice  distilling  ordinary  dis- 
tilled water  from  an  alkaline  permanganate  solution  through  a  block-tin 
condenser  which  condensed  only  about  Vs  of  the  steam.  For  another 
series  the  ordinary  distilled  water  was  distilled  once  from  an  alkaline 
permanganate  solution  and  then  from  a  solution  containing  a  small  amount 
of  phosphoric  acid. 

The  mercury  used  in  the  preparation  of  the  calomel  cells  and  for  con- 
tacts in  the  electrodes  was  purified  by  first  dropping  through  a  1 . 5  meter 
tower  of  nitric  acid  according  to  the  method  of  Hildebrand,1  filtering 
through  a  dry  cloth  and  then  distilling  under  reduced  pressure  in  a  cur- 
rent of  air  as  described  by  Hulett.2 

The  hydrochloric  acid  was  prepared  by  distilling  from  a  resistance 
glass  flask  through  a  quartz  condenser  and  collecting  the  middle  fraction 
in  a  quartz  receiver,  transferring  it  to  a  Non-sol  bottle  after  it  had  cooled. 
This  was  then  used  in  the  preparation  of  the  calomel  and  the  standard 
o.  1  M  hydrochloric  acid  solution.  This  latter  was  standardized  by  titra- 
tion against  sodium  carbonate  solution,  using  methyl  orange  as  the  indi- 
cator and  was  found  to  be  0.09996  M. 

The  calomel  was  prepared  by  the  electrolytic  method  of  Ellis.8 
After  thoroughly  washing  it  with  pure  water  and  then  with  saturated 

1  Hildebrand,  This  Journal,  31,  933  (1907);  35i  847  (1913). 

*  Hulett,  Z.  physik.  Chem.,  33,  611  (1900). 

*  Ellis,  This  Journal,  38,  737  (1916). 
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potassium  chloride  solution  it  was  stored  in  a  500-cc.  Non-sol  bottle  con- 
taining 400  cc.  of  the  saturated  potassium  chloride  solution.  From  these 
bottles  it  could  then  be  transferred  directly  to  the  electrode. 

The  potassium  chloride  was  purified  by  twice  recrystallizing  from 
distilled  water  Baker's  analyzed  potassium  chloride  and  then  fusing  m 
platinum. 

Compressed  hydrogen  was  used,  after  it  was  passed  through  a  solution 
of  sodium  hydroxide  to  insure  the  absence  of  carbon  dioxide.  The  fact 
that  the  voltage  of  the  cell  did  not  change  during  long  periods  of  use 
indicates  that  the  hydrogen  contained  nothing  to  affect  the  cell. 

The  hydrogen  electrodes  were  of  platinum,  platinized  with  platinum 
black.    They  were  of  plate  form  2  X  1  X  0.025  cm. 

All  measurements  were  made  at  a  temperature  of  25 °  =*=  0.01  °. 

In  order  to  compare  the  accuracy  of  the  condenser  method  with  that 
of  the  potentiometer  a  cell  was  arranged  as  follows  and  the  electromotive 
force  measured  by  both  methods, 

Hg  I  HgCl  KC1  (saturated)  |  KC1  (saturated)  |  o.  1  M  HC1  |  H*. 
The  electromotive  force  of  this  cell  was  measured  after  the  hydrogen  had 
been  bubbling  through  the  hydrogen  electrode  for  5  hours  and  gave  a 
voltage  on  the  potentiometer  of  0.3203  volt. 

When  measured  by  the  condenser  method,  the  cell  o.  1  M  HC1  |  calomel 
and  the  standard  cell  gave  at  1.000  and  0.315  m.  f.,  respectively,  the 
galvanometer  deflection  15.5,  and  at  0.500  and  0.157  m.  f.  the  deflec- 
tion 7 .8,  by  3  or  more  successive  readings. 

These  results  give  a  value  of  0.3207  volt  for  the  electromotive  force 
of  the  above  combination.  Potentiometer  measurements  gave  0.3203 
volt  after  5  hours.  Condenser  measurements  gave  0.3207  volt  after  5 
hours,  10  minutes.  Potentiometer  measurement  gave  0.3200  volt  after 
5  hours,  20  minutes.  Hence  the  condenser  method  with  the  set-up  em- 
ployed gives  the  voltage  correct  to  =fc 0.0005  v°ft- 

Since  the  voltage  of  the  cell  at  the  time  these  measurements  were  taken 
was  undergoing  a  slow  change  the  values  recorded  above  are  not  to  be 
taken  as  the  true  values  for  this  cell,  but  were  made  for  the  sole  purpose 
of  indicating  the  accuracy  of  the  condenser  method.1 

1  Using  a  galvanometer  of  very  much  greater  sensitivity  the  electromotive  force 
of  the  cell  Hg  |  HgCl  1.0  M  KC1 1  Sat.  KC1 1  0.1  M  HCl|H2  where  a  capacity  of  1.5  m.  f. 
gave  a  deflection  of  88.8  mm.  as  against  a  deflection  of  87.2  mm.  for  a  standard  cell 
of  1. 01 844  volts  through  0.5  m.  f.,  a  voltage  of  0.3457  to  0.3461  was  obtained  where  a 
potentiometer  gave  0.3460  to  0.3462  volt.  While  this  voltage  is  not  the  true-  one  for 
this  cell  it  serves  to  show  the  order  of  accuracy  of  the  method.  A  reading  of  this  same 
cell  after  it  had  come  to  equilibrium  gave  a  voltage  of  0.3471  on  the  potentiometer, 
thus  checking  the  value  0.3470  =*=  0.0002  volt  obtained  by  Fales  and  Vosburgh  (This 
Journal,  40,  1293,  (1918)),  and  published  in  191 8.  This  preliminary  work  was  done 
in  November,  1916. 
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Having  fully  demonstrated  the  applicability  of  the  method  for  measur- 
ing the  electromotive  force  of  cells  of  this  type  where  the  internal  re- 
sistance is  not  great,  it  remained  to  be  determined  whether  the  same 
method  would  apply  to  cells  of  high  internal  resistance  such  as  Hg  |  HgCL- 
KC1  I  KC1  J  H20  (pure)  |  H2.  Accordingly  a  quantity  of  ordinary  dis- 
tilled water  was  twice  distilled  from  alkaline  permanganate  solutions  and 
the  cell  Hg  I  HgCl.KCl  (satd.)  |  KC1  (satd.)  |  H,0  |  H*  prepared.  The 
hydrogen  was  admitted  into  the  electrode  chamber  and  allowed  to  flow 
over  the  electrode  half  immersed  in  the  water.  The  actual  progress  of 
the  determination  of  the  electromotive  force  of  a  single  cell  is  given  in 
Table  I.  In  this  table  the  third  column  gives  the  time  in  minutes 
required  by  the  cell  to  reach  equilibrium.  The  second  column  indi- 
cates the  length  of  time  required  by  the  cell  to  charge  £he  condenser  fully. 
Both  of  these  factors  must  be  determined  by  repeated  tests,  as  it  is  obvious 
that  constant  readings  cannot  be  secured  until  both  of  these  conditions  are 
satisfied.  The  low  reading  recorded  after  the  cell  had  reached  equilibrium 
when  only  one  minute  was  allowed  for  charging  the  condenser  indicates 
that  this  time  was  not  sufficient  to  completely  charge  the  condenser. 
Table  I. — Electromotive  Force  op  a  Single  Cell. 


Time  for  charging 
Condenser  capacity.         condenser. 
~  -     rfarads. 


Microfa 
I  .OOO 


O.802 


O.800 
O.600 

O.600 


Mia. 

2 

5 
5 
6 

5 
6 

5 

2 

2 
1 
9 
5 
2 

2 
3 


Time  of 

hydrogen  flow. 

Min. 

14 
19 
25 
38 
45 
59 
64 
66 
Reversed  cell. 
70 

7i 
80 
86 
88 
Reversed  cell. 
92 
95 


Galvanometer  deflections. 
Mm. 


Right. 
24.8 
24.8 
24.8 
20.0 
20.0 
24.9 
25.O 
25.O 


Left. 


25.O 
24.O 
25.O 
20.0 
150 


15.O 
150 


Maximum  voltage  reached  in  64  minutes  =  0.5091  volt. 
Hydrogen-ion  concentration    =    io-44-4. 

The  average  deflection  for  this  cell  after  reaching  maximum  voltage 
is  25.0  mm.  for  one  microfarad  capacity.  Since  the  standard  cell  of 
1 .01823  volts  gives  a  deflection  of  50.0  mm.  when  used  with  a  capacity 
of  one  microfarad,  the  voltage  of  this  cell  is  25.0/50.0  of  1 .01823  volts  or 
0.5091  volt. 
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This  cell,  using  pure  water  in  the  hydrogen  electrode  element,  reached 
a  maximum  voltage  of  0.5091  volt  in  one  hour,  and  this  voltage  had  not 
changed  in  another  half-hour.  However,  the  same  hydrogen  electrode 
was  used  in  this  cell  as  was  used  in  the  o.  1  M  hydrochloric  acid  cell  and 
it  was  thought  that  some  slight  amount  of  acid  might  have  been  retained 
in  the  electrode  even  though  it  had  been  carefully  washed  several  times  with 
pure  water.  Accordingly  the  electrode  was  thoroughly  washed  again,  this 
time  in  3  lots  of  boiling  water  and  a  cell  made  up  of  pure  water  from  the 
same  lot  as  was  used  in  the  previous  cell.  This  time  the  following  results 
were  obtained. 

Tablb  I!. — Cell  with  Washed  Eujctrodb. 

Time  for  charging  Time  of  Galvanometer 

Condenser  capacity.  condenser.  hydrogen  flow.  deflections. 

Microfarads.  Min.  Min.  Mm. 

O.600                                         3  16  16.0 

4  20  173 

4  25  17.4 

7  32  176 

8  40  18.0 

4  5i  18.0 

1 .000                                      2  66  28.0 

7  73  30.0 

37  no  300 

0.800                                      4  126  24.0 

7  142  24.0 

Maximum  voltage  reached  in  40  minutes. 

Average  deflection  for  one  m.  f.  after  reaching  maximum  voltage  30.0  mm. 

Electromotive  force   =  0.6109  volt. 

Hydrogen-ion  concentration  =  io""***4. 

Following  this  a  large  jiumber  of  cells  were  made  up  from  water  re- 
distilled from  alkaline  permanganate  solutions  and  from  alkaline  per- 
manganate solutions  followed  by  distillation  from  dilute  solutions  of  phos- 
phoric acid.  The  following  table  gives  the  results  of  a  number  of  these 
experiments  and  indicates  the  futility  of  trying  to  secure  water  free  from 
acid  fumes  under  ordinary  laboratory  conditions  even  though  a  constant 
flow  of  uncondensed  steam  surrounds  the  mouth  of  the  receiving  vessel 
dining  the  entire  distillation.1 

1  In  order  to  check  up  again  on  the  apparatus  and  calomel  electrode  the  following 
combination  was  made  up: 

Hg  I  HgCl.KCi  (satd.)  |  KC1  (satd.)  |  0.1  M  HC1 1  H,. 
After  6  hours  this  cell  was  measured  by  both  the  potentiometer  and  the  condenser 
methods  with  the  following  results: 

Potentiometer,  0.31 15  volt.  Condenser,  0.31 16  volt. 

After  7  hours  this  cell  developed  an  electromotive  force  of  0.31 13  volt  and  after 
15.5  hours  0.31 1 1  volt.  This  value  (0.31 11  volt)  was  then  taken  as  the  true  voltage 
of  the  cell. 
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Table  III. — Cells  Made  Up  with  Water  Redistilled  from  Alkaline  Perman- 
ganate and  Phosphoric  Acid. 


Number  of 

alkaline 

permanganate 

distillations. 

Time  to  reach 
max.  voltage. 
Min. 

Deflections  at 

max  voltage. 

using  1.0  m.  f. 

Mm. 

E.  m.  f.  of  cell. 
Volts. 

Hydrogen-ion 
concentration. 

1 

35 

28.2 

0.5742 

IO-»M 

I 

50 

28.2 

0.5742 

IO-IM 

2 

35 

28.O 

O.5702 

io-«M 

2 

30 

27.8 

O.5661 

IO-§.« 

2 

60 

28.5 

0.5804 

IO-»« 

I 

40 

28.2 

0.5742 

io-»" 

I 

30 

28.5 

O.58OA 

IQ-»« 

I 

30 

28.5 

O.5804 

io-»" 

I 

40 

29.2 

0.5946 

io-»" 

2 

40 

29.2 

O.5946 

IO"»" 

2 

60 

29.4 

0.5987 

IO-*»« 

One  alk.   permanganate 

followed  by  one  acid 

distillation  70  28.2  0.5742  io~,,M 

Duplicate  on  last 

sample  40  25.1  0.5111  io"4" 

The  last  cell  recorded  above  was  made  up  from  the  same  sample  of  water 
as  the  cell  recorded  next  above  it.  However,  while  the  cell  was  being 
washed  out  a  beaker  of  cone,  hydrochloric  acid  was  accidentally  brought 
within  about  2  feet  of  the  unstoppered  small-necked  bottle  containing 
the  water.  As  soon  as  the  odor  of  the  fumes  gave  warning  of  the  pres- 
ence of  the  acid  the  bottle  was  stoppered  and  the  cell  taken  to  another 
room  free  from  fumes.  Here  the  cell  was  carefully  washed  out  several 
times  and  filled  from  the  bottle  which  had  been  exposed  to  the  acid  fumes 
for  perhaps  one-half  minute.  The  electromotive  force  of  this  cell  dropped 
to  0.51 1 1  volt,  a  difference  of  0.063  vo^»  due  to  the  acid  fumes,  or  in 
terms  of  hydrogen-ion  concentration  the  change  was  from  io"~6M  moles 
per  liter  to  io~4M  moles  per  liter.  It  is  to  be  noted  that  the  constant 
flow  of  hydrogen  through  the  water  in  the  cell  and  the  maintaining  of  an 
atmosphere  of  hydrogen  above  the  water  should  result  in  the  complete  re- 
moval of  such  gases  as  carbon  dioxide  and  ammonia.  This  was  observed 
to  be  true  in  the  case  of  carbon  dioxide,  although  it  required  days  for  the 
complete  removal  of  very  small  quantities  of  this  gas. 

A  large  number  of  samples  of  water  were  prepared  by  distilling  in  a 
room  where  only  ordinary  precautions  were  taken  against  fumes.  It 
was  found  impossible  to  duplicate  results  from  water  distilled  under  these 
conditions.1,2  The  distilling  apparatus  was  therefore  removed  to  a  room 
free  from  all  acid  fumes  when  little  difficulty  was  experienced  in  securing 
samples  of  water  that  gave  the  same  electromotive  force  values.    There 

1  Kendall,  This  Journal,  38,  1480  (1916). 
1  Kendall,  ibid.,  38,  2460  (1916). 
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was  no  difference  in  the  results  obtained  from  water  prepared  by  distilling 
ordinary  distilled  water  once  from  an  alkaline  permanganate  solution 
and  from  that  distilled  twice  from  an  alkaline  permanganate  solution. 
Samples  prepared  by  distilling  ordinary  distilled  water  once  from  an  alka- 
line permanganate  solution  and  once  from  a  solution  containing  a  few 
drops  of  phosphoric  acid  did  not  give  such  reliable  results  as  those  dis- 
tilled from  alkaline  permanganate  solution  alone.  The  results  given  in 
the  table  below  were  obtained  on  samples  of  water  from  entirely  different 
distillations.  In  every  case  the  results  on  each  sample  were  checked  by 
measuring  the  voltage  of  a  number  of  cells  made  up  from  the  same  sample 
of  water.  Such  cells  rarely  exhibited  a  measurable  difference  in  voltage. 
The  cells  requiring  an  excessive  length  of  time  to  develop  their  maximum 
voltage  were  those  in  which  fresh  hydrogen  electrodes  were  used.  When 
the  electrode  was  already  thoroughly  saturated  with  hydrogen  the  cells 
reached  their  maximum  voltage  in  less  than  40  minutes. 

Table  IV. — Effect  of  Distdxation  from  Alkaline  Permanganate  Solution. 


Number 

of  alkaline 

permanganate 

distillations. 

Time  to  reach 

maximum 

voltage. 

Min. 

Deflection  at 

maximum 

voltage. 

Mm. 

E  ia.  f.  of  cell. 
Volts. 

Hydrogen-ion 
concentration. 

2 

300 

35.1 

O.7149 

IO-7-»«   -    1. 15    X    IO"* 

2 

720 

35-0 

O.7129 

jo-*-*1  =  1.23  X  io-» 

I 

20 

35.0 

O.7129 

IO""91 

I 

IO 

35.0 

O.7129 

IO-™* 

I 

60 

35.0 

O.7129 

IO"*" 

2 

40 

35.0 

O.7129 

IO-791 

Using  a  galvanometer  having  a  ballistic  period  of  8  seconds  and  a  sensi- 
tivity of  0.0003  micro-coulomb  per  mm.  a  sample  of  water  having  a  specific 
conductivity  of  0.9  X  io~e  reciprocal  ohms  was  tested  with  the  following 
results: 


Capacity  of 

condenser. 

M.  f. 

Deflection  with 

standard  cell. 

Mm. 

with  calomel 

pure  water  cell. 

Mm. 

E.*m.f.'oI  cell. 
Volts. 

O.I 

164. 1 

1 .0187 

164.O 

I .0187 

164. 1 

1 .0187 

0.2 

328.O 

I .0187 

0.2 

229.5 

O.7128 

Hydrogen-ion 
concentration. 


IO-T-«i.23  X  IO~« 


In  the  above  determinations  of  the  e.  m.  f .  of  the  pure  water  cell  the 
following  9  readings  were  made  over  a  period  of  4  hours:  230.0,  229.7 
229.3,  230.0,  230.2,  229.2,  229.5,  230.0,  229.0.    Average,  229.5. 

In  this  series  the  deviation  from  the  mean  is,  therefore,  about  two  parts 
per  thousand. 

The  apparatus  assembled  by  Leeds  and  Northrup  as  set  forth  in  a 
recent  catalogue  is  a  direct  result  of  our  work.    However,  we  recommend 
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a  galvanometer  of  a  sensitivity  of  0.0003  micro-coulomb  per  mm.  such  as 
was  used  in  this  more  recent  work. 

Consider  now  the  cell  Hg  |  HgCl.KCl   (satd.)  |  KC1   (satd.)  |  (0.1  M 

HC1 1 H2,  the  voltage  of  which,  as  determined  in  this  investigation  is 

Et 
0.31 1 1  volt  and  0.3094  volt  as  determined  by  Nelson  and  Beegle.1  The 
contact  potential  difference  at  the  juncture  of  the  saturated  potassium 
chloride  and  hydrochloric  acid  solutions  is  zero.  This  is  evidenced  by 
the  work  of  Fales  and  Vosburgh.2  When  pure  water  is  substituted  for  the 
hydrochloric  acid  solution  this  contact  potential  difference  is  still  zero. 
This  is  evidenced  by  practically  all  of  the  results  for  the  mobilities  of  the 
potassium  and  the  chloride  ions.  While  various  investigators  have  ob- 
tained different  results  all  agree  in  that  the  mobility  of  the  potassium  ion 
is  sensibly  equal  to  that  of  the  chloride  ion. 

Since  the  contact  potential  difference  at  the  juncture  of  solutions  is 
due  to  a  difference  in  the  mobilities  of  the  ions  if  these  mobilities  are  equal 
the  contact  potential  difference  is  zero. 

It  is  evident  then  that  the  measured  electromotive  force  of  o .  31 1 1  volt 
is  the  resultant  of  Ex-Et.  Fales  and  Vosburgh8  have  measured  this  volt- 
age E2  and  found  it  to  be  o. 2179  volt.  It  is,  therefore,  evident  that  since 
E\  —  0.2179  volt  =  0.3111  volt,  then  E\  —  0.5290  volt.  Hence  by 
subtracting  0.5290  volt  from  the  observed  voltage  of  the  cell  Hg  |  HgCl.- 
KCl (satd.)  I  KC1  (satd.)  |  H20  |  H2  we  obtain  the  voltage  of  the  ele- 
ment H20  I  H2.  Substituting  this  value  in  the  Nernst  equation,  E  = 
0.00027  log  CH+/K,  where  T  =  25 °,  C  =  298 °  absolute,  and  K  = 
IO_4.820 £4,5.6.7,8)  we  can  so\ve  for  cu.  It  was  in  this  way  that  the  concentra- 
tions of  hydrogen  ions  were  calculated  from  the  voltages  of  the  cells  whose 
electromotive  forces  were  measured  in  this  work. 

The  value  of  io~7-91  moles  per  liter  for  the  hydrogen-ion  concentration 
in  water  was  obtained  from  the  experiments  in  which  water  of  the  highest 
degree  of  purity  was  used.  The  other  results  recorded  above  are  published 
merely  to  show  the  variations  to  be  expected  unless  extreme  care  is  exer- 
cised in  all  operations.  For  example,  failure  to  boil  out  the  hydrogen 
electrode  thoroughly  after  using  it  in  o.  1  M  hydrochloric  acid  resulted  in 

1  Nelson  and  Beegle,  This  Journal,  41,  559  (1919).     (Private  communication.) 
5  Fales  and  Vosburgh,  ibid.,  40,  1293  (1918). 

•  Fales  and  Vosburgh,  This  Journal,  40,  1293  (19 18). 
4  Loomis  and  Acree,  Am.  Chem.  /.,  46,  585  (191 1). 

•  Ellis,  This  Journal,  38,  737  (19 16). 

-•  Fales  and  Vosburgh,  ibid.,  40,  1293  (1918). 
T  Wilsmore,  Z.  physik.  Chem.,  36,  91  (1900). 
8  Nelson  and  Beegle,  This  Journal.  41,  559  (191 9). 
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an  increase  of  the  hydrogen-ion  concentration  of  io1'8,  even  though  the 
electrode  had  been  washed  several  times  with  pure  water.  Also  less  than 
one  minute  exposure  of  the  water  contained  in  a  small-necked  bottle  to 
fumes  from  a  beaker  of  cone,  hydrochloric  acid  caused  an  increase  of  io1 
in  the  hydrogen-ion  concentration. 

In  order  to  test  the  applicability  of  this  method  for  measuring  the  elec- 
tromotive force  developed  in  organic  cells  a  cell  was  set  up  with  ethyl 
bromide  dissolved  in  dry  ether.  A  platinum  strip  was  used  for  one  elec- 
trode and  a  magnesium  rod  for  the  other.  Due  to  the  high  resistance  of 
the  ether  solution  of  ethyl  bromine  a  much  longer  time  was  required  to 
charge  the  condenser  than  was  the  case  with  pure  water.  However, 
the  measurements  made  proved  that  this  method  can  be  successfully 
used  with  cells  of  this  type  where  the  internal  resistance  is  many  times 
greater  than  that  of  a  cell  of  pure  water. 

In  using  this  method  for  electrometric  titrations  it  is  first  necessary  to 
calibrate  the  galvanometer.  This  may  be  done  either  by  means  of  cali- 
brated capacities  and  a  single  voltage  or  by  means  of  an  unknown  capacity 
used  in  conjunction  with  the  standard  voltage  and  the  proper  galvano- 
meter shunts.  From  the  results  obtained  by  either  method  a  graph  may 
be  constructed  whereby  the  voltage  corresponding  to  any  deflection  may 
be  read  directly. 

With  regard  to  the  effects  of  polarization  on  the  results  obtained  by 
this  method  it  need  only  be  pointed  out  that  if  a  condenser  of  one  micro- 
farad is  used  and  the  electromotive  force  of  the  cell  is  one  volt,  then  one 
hundred  billionth  of  an  equivalent  of  ion  is  discharged.  This  is  still  less 
than  the  amount  which  would  ordinarily  be  discharged  during  the  adjust- 
ment of  the  instrument  when  a  potentiometer  is  used.  The  fact  that  the 
voltage  of  the  cell  does  not  exhibit  a  measurable  change  over  periods  as 
great  as  24  hours,  during  which  frequent  measurements  are  taken,  indi- 
cates the  reliability  of  the  method  and  the  lack  of  effects  due  to  polariza- 
tion. 

Summary. 

1.  A  new  method  of  measuring  the  electromotive  force  of  concentra- 
tion cells  has  been  applied  with  an  accuracy  of  o .  5  millivolt. 

2.  The  hydrogen  ion  concentration  of  pure  water  has  been  measured 
and  found  to  be  1 .23  X  io~8  or  io~791. 

3.  The  time  required  by  the  cell  Hg  |  HgCl.KCl  |  KC1  |  H20  |  H2  to 
charge  a  condenser  of  one  microfarad  capacity  is  from  3  to  5  minutes. 

4.  For  a  cell  of  low  internal  resistance  such  as  Hg  |  HgCl.KCl  |  KC1  | 
HC1  J  H*  only  an  instant  is  required  to  charge  the  condenser. 

5.  The  cell  Hg  |  HgCl.KCl  sat.  |  KC1.  sat.  |  H20  |  Ha  reaches  its  maxi- 
mum voltage  in  from  40  minutes  to  one  hour  and  then  remains  constant 
for  at  least  24  hours. 
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6.  Without  sacrificing  accuracy  the  new  method  makes  possible  the  use 
of  a  much  less  expensive  equipment  than  is  used  in  the  potentiometer 
method. 

Nsw  YoftK,  N.  Y. 


[Contribution  prom  thb  Chbmbtry  Department  of  Columbia  University* 

No.  341.] 

THE  FORMATION  OF  ADDITION  COMPOUNDS  BETWEEN  100% 

SULFURIC  ACID  AND  THE  NEUTRAL  SULFATES 

OF  THE  ALKALI  METALS. 

Jambs  Kendall  and  Mary  Louise  Landon. 

Receded  April  27.  1920. 

An  extensive  study  of  the  freezing-point  curves  of  various  pairs  of 
organic  substances1  and  of  water  solutions  of  adds  and  bases3  has  grad- 
ually yielded  increasing  evidence  in  support  of  a  general  rule  for  compound 
formation — namely,  that  "the  stability  of  an  addition  compound  in- 
creases with  the  difference  in  character  ($'.  *.,  the  positive  or  negative 
nature  of  the  constituent  groups)  of  its  2  components."  In  the  applica- 
tion of  this  rule  to  compound  formation  in  aqueous  solutions,  the  complex 
nature  of  the  question  of  salt  hydration  has  been  briefly  treated,8  and  the 
difficulty  of  bringing  it  into  line  with  other  work  discussed.  The  proposal 
was  made  to  attack  this  question  by  first  investigating  the  extent  of  com- 
pound formation  in  systems  of  the  types  HX-RX  and  ROH-RX.  If 
the  results  of  this  work  should  lead  to  the  formulation  of  any  general  rules 
for  these  cases,  then  it  was  suggested  that  a  comparison  of  these  results 
with  those  from  a  study  of  the  systems  HX-H20  and  ROH-HaO  might 
make  possible  the  statement  of  general  rules  for  the  system  RX-H3O. 

It  was  in  initiation  of  this  broad  plan  that  the  present  work  was  under- 
taken, the  type  of  system  investigated  being  HX-RX.  Because  of  its 
relatively  high  freezing  point,  100%  sulfuric  acid  was  chosen  as  the  acid 
component.  As  salts  the  anhydrous  normal  sulfates  of  sodium,  potassium, 
lithium  and  ammonium  were  selected. 

Previous  Work. — The  data  available  on  the  formation  of  addition 
compounds  of  the  neutral  sulfates  of  the  alkali  metals  with  sulfuric  acid 
are  very  incomplete.4  Most  of  the  results  are  in  the  form  of  isolated  ob- 
servations which  have  been  incidental  in  the  study  of  other  problems, 

1  Kendall,  This  Journal,  36,  1222,  1722  (1914);  38,  1309  (1916);  Kendall  and 
Carpenter,  ibid.,  36,  249S  (1914);  Kendall  and  Gibbons,  ibid.,  37,  149  (1915);  Kendall 
and  Booge,  ibid.,  38, 1712  (1916). 

*  Kendall,  Booge  and  Andrews,  ibid.,  39,  2303  (191 7);  Kendall  and  Booge,  ibid., 

39,  2323  (1917). 

*  Kendall,  Booge  and  Andrews,  he.  cit.,  p.  2304. 

4  References  to  previous  work  will  be  found  later,  under  each  particular  system 
flammed. 
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and  apparently  in  no  case  has  there  been  a  systematic  investigation  of  the 
question.  In  the  methods  of  preparation  noted  for  the  various  acid  salts 
which  have  been  reported,  the  acid  used  has  been  spoken  of  ordinarily 
as  "concentrated"  or  as  "a  hydrate,"  showing  that  100%  acid  had  not  been 
employed.  In  some  cases  the  properties  of  the  resulting  products  are 
given  as  definitely  relating  to  the  anhydrous  substance,  but  this  has  not 
been  done  always,  leading  one  to  conclude  that  the  compound  may  have 
been  a  hydrate,  and  so  of  no  value  for  comparison  in  the  present  problem. 
Variation  in  the  concentration  of  the  acid,  the  proportion  of  the  acid  to  the 
salt,  and  the  temperature  used  in  the  reaction  have  naturally  resulted  in 
the  formation  of  different  compounds.  Sometimes  no  melting  point  is 
given  for  the  compound  claimed,  and  frequently  it  is  stated  as  "about" 
or  "above"  a  certain  value.  Where  more  than  one  determination  is 
available,  there  is  little  concordance,  as  a  rule,  between  the  results. 

Experimental. 

The  method  employed  for  this  work  was  essentially  the  freezing-point 
method1  previously  used,  though  the  conditions  made  certain  alterations 
necessary. 

The  100%  sulfuric  acid  was  prepared  as  described  by  Kendall  and  Car- 
penter.2 Most  stringent  precautions  were  taken  to  prevent  the  acid  from 
absorbing  water  from  the  atmosphere  at  any  stage  of  the  work.  In 
spite  of  all  precautions,  however,  the  work  was  held  up  frequently  for 
days  at  a  time  by  unfavorable  weather  conditions  which  made  it  impossible 
to  work  with  the  acid. 

The  salts  used  were  carefully  analyzed  sulfates  of  sodium,  potassium, 
lithium  and  ammonium.  Any  impurities  present  were  certainly  insuffi- 
cient in  quantity  to  affect  the  measurements  within  the  error  of  the 
experiment.  All  salts  were  dried  to  constant  weight  and  then  kept  ab- 
solutely free  from  moisture. 

For  the  lower  range  of  the  work — that  is,  up  to  ioo° — a  modified  Beck- 
mann  apparatus  was  used.  The  inner  tube,  which  had  no  side  tube, 
was  15  cm.  long  and  3  cm.  inside  diameter;  the  outer  tube  was  17  cm. 
long  with  an  inside  diameter  of  4V2  cm.,  Pyrex  glass  having  been  used  for 
both.  A  2-liter  Pyrex  beaker  held  the  freezing  mixture  as  long  as  that 
was  needed,  and  later  served  as  the  container  for  the  water-bath.  The 
bath  was  stirred  by  a  stream  of  compressed  air.  Mercury  thermometers 
were  used.  Up  to  about  60 °  one  graduated  in  o.i°  was  employed;  above 
6o°,  a  set  of  Anschtitz  short-stem  thermometers  graduated  in  0.2 °  was 
substituted.  The  thermometers  were  standardized  by  taking  the  freezing 
and  boiling  points  of  water,  by  comparison  with  a  standard  thermometer 
1  This  method,  as  a  means  of  studying  compound  formation,  has  been  discussed 
fully  in  the  earlier  articles  to  which  reference  has  been  made  above. 
'  Kendall  and  Carpenter,  This  Journal,  36,  2500  (1914). 
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between  these  2  temperatures,  and  by  means  of  fixed  points  above  1000. 
The  standardization  was  checked  at  frequent  intervals  during  the  work. 

At  first  the  introduction  of  the  solids  into  the  tube  containing  the  acid 
gave  considerable  trouble  because,  in  their  very  dry  condition,  they  could 
not  be  made  into  pills  and  so  scattered  badly  over  the  thermometer, 
stirrer  and  sides  of  the  tube.  To  overcome  this  difficulty,  a  glass-stoppered 
weighing-bottle  with  a  long  delivery  tube  attached  was  made  and  found 
to  be  most  satisfactory.  The  length  of  the  delivery  tube  was  sufficient 
to  allow  it  to  reach  nearly  to  the  surface  of  the  liquid  in  the  freezing-point 
tube,  and  still  not  so  great  as  to  prevent  the  bottle  from  standing  on  the 
balance  pan. 

For  the  range  of  temperature  above  1000  the  open  tube  could  not  be 
employed  to  advantage  because  of  the  decomposition  of  the  100%  acid. 
It  became  necessary,  therefore,  to  enclose  the  materials  in  sealed  bulbs.1 
Special  care  was  taken  in  filling  and  sealing  these  bulbs  to  ensure  no 
absorption  of  water  by  the^acid.  The  proportions  of  acid  and  salt  in  each 
mixture  were  established  by  direct  weighing.  The  mixture  was  always 
melted  completely  2  or  3  times  and  thoroughly  shaken  before  any  attempt 
was  made  to  take  freezing-point  readings. 

The  bath  used  for  this  higher  temperature  work  varied  according  to  the 
temperature  under  investigation.  Up  to  about  1900  the  bath  was  cone, 
sulfuric  acid  with  25%  of  ammonium  sulfate  added  to  reduce  the  fuming.2 
Prom  this  point  up  to  230°  the  bath  was  a  mixture  of  fused  lithium  and 
potassium  nitrates  (65  mol  per  cent,  of  potassium  nitrate),  while  from 
2300  to  3000  a  50  mol  per  cent,  mixture  of  fused  potassium  and  sodium 
nitrates  was  used.8  Above  3000  the  bath  was  of  fused  zinc  chloride.4  In 
all  cases  the  bath  was  stirred  by  compressed  air.  The  material  in  the 
sealed  tube  was  kept  thoroughly  agitated  by  energetic  rotation  during 
determinations. 

At  the  lower  temperatures,  it  was  usually  possible  to  determine  the 
freezing  point  by  reading  the  temperature  .to  which  the  thermometer 
rose  after  a  slight  degree  of  supercooling.  In  cases  where  there  was  per- 
sistent supercooling,  it  was  necessary  to  employ  the  seeding  process.5 
At  higher  temperatures  the  point  recorded  was  that  at  which  the  last 

1  See  Smith  and  Eastlack,  This  Journal,  38,  1262  (1916);  Kendall  and  Davidson, 
ibid.,  42,  1 142  (1920). 

*  The  addition  of  ammonium  sulfate  to  the  hot  acid  removed  the  discoloration 
that  had  appeared  on  heating.  Afterwards  only  the  slightest  darkening  was  apparent 
even  after  prolonged  heating.  The  acid  alone  is  useless  for  work  requiring  a  trans- 
parent bath. 

'  A  little  cone,  nitric  acid  was  added  at  intervals  to  the  molten  mixture  to  remove 
the  cloudiness  that  appears  after  continued  heating. 

4  Scudder,  This  Journal,  25, 161-163  (1903). 

1  See  Kendall,  ibid.,  36,  1226  (1914). 
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crystal  disappeared,  the  temperature  being  allowed  to  rise  very  slowly 
in  a  mixture  containing  only  a  few  minute  crystals.  A  light  placed  be- 
hind the  beaker  made  it  possible  to  determine  this  point  with  accuracy. 
At  least  3  readings  were  taken  for  each  point,  the  variations  obtained  being 
within  the  following  limits: 

Limits.  Possible  error. 

— 35°  and  — io°  o .  2  to  0.50 

— 10    and    100  0.1  too. 2 

100   and    200  0.2  to  0.5 

200   and   300  0.5  to  1. o 

In  each  of  the  systems  investigated,  it  was  possible  to  carry  the  work 
to  a  temperature  of  about  3000,  at  which  point  the  curve  was  rising  very 
rapidly.  In  the  cases  of  potassium,  sodium  and  lithium,  it  was  found  that, 
with  mixtures  containing  just  a  little  more  salt  than  the  last  one  used  for 
obtaining  a  reading,  it  was  impossible  to  dissolve  the  material  even  at  the 
temperature  of  boiling  sulfur.  It  had  been  hoped  in  the  beginning  of  the 
work  that  the  curve  for  ammonium  sulfate  might  be  carried  through  to 
100%  ammonium  sulfate,  but  this  proved  to  be  impossible. 

When  a  compound  was  indicated  which  was  too  unstable  to  give  a 
maximum  on  its  freezing-point  curve,  it  became  necessary  to  perform  an 
analysis  to  determine  its  composition.  A  mixture  was  made  up  slightly 
richer  in  acid  than  that  corresponding  to  the  upper  temperature  limit  of 
the  curve,  and  allowed  to  cool  to  a  temperature  just  above  the  lower 
limit.  The  solid  phase  which  had  separated  out  in  the  interval  was  then 
filtered  off  at  this  temperature  by  suction,  a  hot  funnel  being  used  when 
necessary.  In  order  to  have  as  small  a  surface  as  ppssible  in  the  funnel 
during  filtration  a  perforated  plate  from  a  Gooch  crucible  was  fitted  into 
a  small  glass  funnel  of  the  right  size  to  fit  into  the  hot  funnel.  A  layer  of 
asbestos  was  poured  over  the  plate  in  such  a  way  as  to  cover  thoroughly 
any  small  cracks  between  it  and  the  sides  of  the  funnel.  The  compound 
was  freed  from  excess  acid,  and  wieghed  portions  of  it  titrated  against 
standard  alkali.  This  work  was  done  in  very  cold  dry^ weather  when  the 
mositure  content  of  the  air  was  small.  In  some  cases  extra  protection 
was  given  to  the  material  by  drawing  the  air  through  calcium  chloride. 

When  an  unstable  compound  was  formed  beyond  the  range  of  the  open 
tube  work,  no  attempt  was  made  to  determine  the  composition  of  the 
solid  phase  because  of  the  obvious  change  in  conditions  that  would  have 
resulted  in  any  attempt  to  filter  the  material.  The  separation  of  the 
crystals  in  a  centrifuge  was  impracticable  owing  to  the  high  temperature 
that  it  would  have  been  necessary  to  maintain  in  the  machine. 

The  addition  compounds  obtained  in  every  case  were  well-defined 
crystals,  usually  in  the  form  of  needles  which  arranged  themselves  in 
star-shaped  clusters.    In  some  cases  it  was  possible  to  confirm  change  in 
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solid  phase  directly  by  observing  changes  in  appearance  of  the  crystallized 
mass.  In  the  case  of  the  potassium  system,  the  solid  in  the  sealed  tubes 
was  clear  and  transparent  as  long  as  the  75%  compound  was  the  solid 
separating.  When  the  eutectic  was  passed  and  the  50%  compound 
crystallized  out,  the  solid  was  white  and  opaque.  In  the  same  way  the 
2  crystalline  modifications  of  the  compound  Na^SO^HjSC^  could  be 
easily  distinguished,  the 
unstable  form  separating 
out  in  long  needles,  the 
stable  in  short  plates. 

Results. 

System  KsSCVHiSO* 

. — As  a  consequence  of 
previous  work  8  acid 
potassium  sulfates  have 
been  claimed  —  K4SO4, 
6H*SO<  melting  at  about  j, 

55°;lK2S04,3H*S04melt-  * 
ing  at  about  95  °  ;f  KjSO*, 
HtS04  with  recorded 
melting  points  of  197 


I  KtS04-HtS04     1 

For  system  fi 
add    20»  to  the 
temperature 
readings 


50% 


40% 


3d% 


2000,4  2io,B  and  315.5  °;6     » 

4K,S04,  3H^04;  5KtS04> 

3H*S04;   2K,S04,  H,S04    -»X  — / 

and  3K»S04,   H*S04  all     ^|     [\f 

given  with   no  melting 

points;7     and     4K2SO4, 

H2SO4  with  no  melting 

point.8 

The.  freezing  point  results  of  the  present  investigation  are  tabulated 
below;  their  significance  is  more  clearly  indicated  by  the  accompanying 
diagram.  Compositions  are  expressed  in  molecular  percentages  through- 
out. 

xBergiusf  Z.  physik.  Chem.,  72,  338-63  (1910);  Arzelier,  Compt.  rend.,  147,  129 
(1908)  claims  that  it  is  impossible  to  have  an  acid  salt  of  potassium  sulfate  with  more 
than  3  molecules  of  sulfuric  acid  to  one  of  the  salt. 
•     •  Schultz,  Pogg.  Ann.,  133*  137  (1868). 

•  Jacquelain,  Ann.  phys.  chim.,  70, 311  (1839). 
4  Mitscherlich,  Pogg.  Ann.,  18,  152,  173  (1830). 

•  Schultz-Sellack,  Jahresber.,  24,  218  (1871). 

•  See  Gmelin  and  Kraut,  "Handbuch  der  Anorg.  Chem.,"  II,  1,  56. 
»  Stortenbecker,  Rec.  trao.  chim.,  21,  400-402  (1902). 

8  Mitscherlich,  Pogg.  Ann.,  39,  198  (1836). 
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(a)  Solid  phase,  H«SO<. 

%acid 100.00    9970    98.90    9763        95-77         94-49 

T 10.4        9.5         7.2         3.4      —32       —7-9 

(b)  Solid  phase,  KjSO^HiSO*. 

%acid 93-13      91-66  89.60  88.02  86.47  84.61 

T — 0.8        15.4  36.5  48.9  59.1  69.6 

%add 82.79      80.97  78.20  75-95  74-47  71-73 

T 77.1         83.3  89.2  91.5  91.6  89.0 

(c)  Solid  phase,  K*S04.H,S04. 

%acid 70.71       69.07  68.63       67.51       66.14      64.03       62.44 

T 105.4  122. 1  126.7  136.7       149.5       162.0       171. 5 

%  acid 61.72      60.78  59.15  5827      5669      5323      52.06 

T 176.4  178.3  188.4  195.3      200.2      210.0      213.8 

%acid 51.38      4994  4964  48.30      47.81      46.86      46.73 

T ? 215.7  218.6  218.2  214. 1      213.6      212.3      212.5 

(<Q  Solid  phase,  X? 

%acid 46.42      4548  45i8      4476 

T '. ..     219.8  235.9  235.6  237.5 

(e)  Solid  phase,  Y? 

%acid 44.29      43.41  4^53 

T 264.3  296.8  300+ 

It  will  be  seen  that  no  confirmation  is  given  for  the  compound  K9SO4, 
6H2SO4  claimed  by  Bergius.1  The  75%  compound  gives  a  well-defined 
maximum  on  the  freezing-point  curve,  showing  a  melting  point  for  the 
pure  substance  of  91.50.  At  1820  and  2020  there  are  clear  evidences  of 
changes  in  the  crystalline  habit  of  the  50%  compound.  These  breaks 
are  in  accord  with  results  of  Bridgman*  who,  in  working  on  the  poly- 
morphism of  potassium  hydrogen  sulfate  at  high  pressures,  found  2  not 
very  well  defined  transition  points,  one  at  1800  and  the  other  at  200  °. 
The  compound  gives  a  very  well  defined  maximum  at  21 8.6°.  Beyond 
the  region  of  the  50%  compound,  there  is  clear  evidence  of  the  formation 
of  another  compound,  which,  at  238  °,  gives  a  transition  point  to  the  next 
compound  richer  in  potassium  sulfate.  While  it  is  impossible  to  put 
great  faith  in  the  composition  of  Stortenbecker's  salts,  since  there  is  a 
decided  possibility  that  they  are  hydrates,8  there  may  be  salts  of  the  com- 
position 4K2SC>4,3H2S04  and  sKjjSO^r^SC^.  Either  of  these  formulas 
might  represent  the  composition  of  the  substance  indicated  on  the  freezing- 
point  curve.  Stortenbecker's  other  salts  lie  beyond  the  range  of  this 
work. 

System  (NE^jSCVHaSCV— Previously  there  have  been  only  2  ad* 
1  The  work  of  Bergius  was  not  of  the  exact  nature  to  justify  his  statement  that  this 
compound  was  formed. 

*  Proc.  Am.  Acad.  Set.,  52,  124  (191 6). 

*  Stortenbecker  himself  states  in  a  later  article  that  the  compound  3K*S04.H«S04 
previously  described  should  have  the  formula  3K2SO4.HtSO4.HaO  (Chem.  Zcntr.,  191 1, 
I,  1405. 
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salts  of  ammonium  claimed—  (NH4)2S04.H»S04,  melting  at  about  146  V 
and  3(NH4)sS04'H2S04  to  which  no  melting  point  has  been  given.2 

The  present  work  gave  the  following  results.     (See  also  Fig.  1). 

(a)  Solid  phase,  H*S04. 

%add 100.00      98.31      96-53      94<5i      9356      9164      90-59      89.32 

T 10.4         6.2  1.3      — 5.0     — 8.5    — 16.3    — 20.7    — 26.7 

(«  SoKd  phase,  (NH^jSO^HtSO*. 

%acid 90.39      89.90      88.52      87.64      86.86      85.67      83.79      81.86 

T — 20.7    — 13. 1      — 3.9  5.3        10.5        17.6        26.7        35.1 

%add 79-33       76.88       74-76      72. 12       69.59 

T 42.7        469        479        45-8        39-8 

(c)  Solid  phase,  X? 

%add 72.02      71-40      70.38      69.67      69.59      69.13 

T — 2.6  4.8        16.0        21.4        22.0        26.1 

(d)  Solid  phase,  (NH4)sS04.HtS04. 

%acid 68.79  68.37      67.35      66.52      64.94      63.81      62.69      60.87 

T 32.9  394        535        63.1        79  8        89.1        974      109.5 

%add 59.33  58.19      57.53      54.82      53  18      52.40      5192      50.05 

T 120.8  124.3  126.4      136.8      141. 1       142.6      1449      146.9 

%acid 48.16  4692      45-73 

T 144-1  Mi- 7  1372 

(e)  SoUdphase,2(NH4)tS04.H^04(?) 

%acid 44-95      4457      4383      42.82      42.02      40.22      3938 

T 147.2  I5I-7       159-3       176.7       187.7      210.2      218.5 

%  acid 38.36      37.62 

T 229.2  232.0 

(/)  Solid  phase,  Y? 

%add 36.55      36.02      32.63 

T 269.2  281.5      318.0 

The  data  recorded  above  give  distinct  evidence  of  a  substance  not  noted 
before,  the  compound  (NI^sSOi^HsSOi.  This  substance  is  stable  at  its 
melting  point,  having  a  well-defined  maximum  at  48  °.  The  50%  com- 
pound gives  a  marked  maximum  at  146.90,  in  close  accord  with  the  melting 
point  noted  by  Smith.8  It  is  of  interest  to  note  that  the  melting  point 
given  in  the  literature  for  the  normal  salt  is  140°,  a  value  obtained  by 
Marchand.4  This  apparent  contradiction  is  explained  by  Smith  in  ob- 
jecting to  the  reference  of  Hodgkinson  and  Bellairs  to  their  use  of  dried 
and  carefully  melted  ammonium  sulfate.  Ammonium  sulfate  itself  will 
not  melt,  but,  on  being  heated,  one  equivalent  of  ammonia  is  expelled 
and  it  is  the  acid  salt  that  melts  at  about  1460.  This,  of  course,  suggests 
that  Marchand  heated  his  material  in  an  open  tube  which  gave  an  op- 
portunity for  escape  of  ammonia.    Bridgman  also  worked  with  acid 

1  Smith,  /.  Soc.  Chem.  Ind.,  14,  629  (1895). 

1  Marignac,  Jahrcsber.,  10,  134  (1857);  Mitscherlich,  loc.  cti.;  van  Dorp,  Z.  physik. 
Chem.,  73,  284-289  (19*0). 

•  Loc.  cU. 

« Poit-  ^n.t  42, 556  (1837). 
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ammonium  sulfate  and  his  record  shows  that  his  sample  was  entirely 
melted  at  150°/  though  no  exact  melting  point  was  obtained.  Below 
the  eutectic  between  the  75  and  50%  compounds  there  is  a  branch  of  the 
curve  showing  a  metastable  modification  of  unknown  composition.  Per- 
sistent efforts  to  cany  this  branch  further  met  with  failure.  Above  the 
50%  compound,  there  is  a  distinct  break  in  the  curve,  and  a  slight  extra- 
polation from  the  curve  suggests  that  the  compound  formed  is  2(NH4)sSO«.- 
H1SO4.  The  transition  point  from  this  substance  to  the  one  next  richer 
in  ammonium  sulfate  comes  at  2340.  The  compound  containing  3  mole- 
cules of  ammonium  sulfate  to  one  of  the  acid  lies  beyond  the  range  of  the 
present  work. 

System  NatSO^HfSO^ — As  the  result  of  previous  work  6  acid 
salts  of  sodium  sulfate  have  been  recorded — NasSO^HjSO*  melting  at 
about  40 °;*  2NajS04.9HjS04  for  which  no  melting  point  is  given;1 
NatS04.3HtS04  melting  at  about  1000;4  NatSOj.HtSO*  melting  at  about 
3150;*  2NafS04.H,S04  and  3NatS04.H,S04  with  no  melting  points.6 

The  results  of  the  present  work  are  given  below,  and  also  shown  more 
clearly  in  Fig.  2. 

(a)  Solid  phase.  H^O*. 

%arid 100.00    98.02 

T 10.4        4.3 

(ft)  Solid  phase,  2NatSO«.9HiS04. 

%add 96.31     95-21     9416    92.96    9109    89.62    87.37    84-89 

T 10.8      21.2      28.9      36.8      45.4      49.9      55.0      57.4 

(c)  Solid  phase,  NatS04.2HtS04. 

%add 83.71    82.52    80.79    7905    76.86 

T   (unstable  modifica- 
tion)   62.9      70.4      797      87.0      93.6 

T  (stable  modification)  71.5      78 . 6      88 . 5      95 . 7     102 . 1 

(<*)  Solid  phase,  Na£04.H,S04. 

%add 7464    7363    71.10    70.62    69.57    68.63    66.01     65.72 

T 112. 5     122.3     136.5     139.8    148.2     148.2     159.0     160.6 

%add 62.73    58.73    56.59    5588    5175    4977 

T 170.0    1778    180.7    180.9    185.5    185.8 

(e)  Solid  phase,  X? 

%add 4903    48.63    4604    45.40    44-26    4328    41.17 

T 190.9    194.3    223.3    230.2    243.2    254.2    274.5 

As  in  the  case  of  the  potassium  system,  no  confirmation  is  obtained  of 
the  work  of  Bergius,  claiming  the  compound  NatS04.8HsSO<>    For  the 

1  Loc.  cU.t  pp.  125-126. 

*  Bergius,  loc.  cit. 

1  d'Ans,  Z.  anorg.  Chem.t  80,  236-238  (19 13). 

*  Schultz,  loc.  cit. 

8  von  Thomson,  Pogg.  Ann.,  6,  80  (1826). 

*  von  Thomson,  ibid.]  Mitscherlich,  Pogg.  Ann.,  39,  198  (1836);  Pascal  and  Bro, 
Bull.  soc.  chim.t  [4]  25, 35  (191 9). 
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compound  2Na*S04.9HtS04  noted  by  d'Ans  there  is  very  distinct  evidence,1 
extrapolation  from  the  freezing-point  curve  indicating  that  its  melting 
point  would  be  about  60  °.  It  gives  transition  points  to  the  next  compound 
at  570  and  58  °.  The  compound  NaaSO^HjSOi  noted  by  Schultz  was  not 
obtained.  In  its  stead,  the  new  compound  NajSO^HsSO*  appeared,  a 
substance  existing  in  2 
crystalline  modifica- 
tions.1 This  salt  decom- 
poses before  its  melting 
point  is  reached,  giving 
transition  points  to 
Na£04.HiS04  at  the 
temperatures  of  95  °  and 
109  °,  respectively,  for  its 
2  modifications.  This 
compound  is  just  barely 
stable  at  its  melting 
point,  and  cannot  be 
separated  from  a  solu-  |i 
tion  containing  a  greater 
percentage  of  sodium 
sulfate.  The  melting 
point  of  1860  found  here 
is  quite  out  of  accord- 
ance with  the  value  of 
3!5«50  given  in  the  lit- 
erature. 2Na^04.H,S04 
and  3NatS04.H*S04,  for 
which  no  melting  points 
are  recorded,  lie  outside 
the  range  of  this  work. 


100%        90% 


60%  70%         60% 

Mo/,  per  cent  HgS04 


50% 


40% 


Fig.  2. 

The  slope  of  the  upper  portion  of  the  curve  indicates,  however,  that  com* 

1  The  analytical  results,  upon  which  the  decision  concerning  the  composition  of 
this  substance  is  based,  agree  within  the  limit  of  error  in  the  acid  titration.  Computa- 
tion from  these  results  gave  percentage  molecular  compositions  of  81.85%,  81.34%, 
81.34%.  81.37%  (calculated,  81.81%  acid).  It  was  felt  in  the  beginning  that  it  was 
possible  that  this  percentage  corresponded  to  an  80%  compound  with  some  excess  add, 
but,  since  persistent  filtering  did  not  reduce  the  proportion  of  acid  and  since  the  sub- 
stance was  in  the  form  of  light  needle-shaped  crystals  which  did  not  pack  down  into  a 
hard  mass  that  opposed  the  passage  of  the  air  through  it,  there  finally  seemed  to  be  no 
reason  for  not  giving  the  compound  the  formula  2Na*S04.9HiS04  previously  recorded 
by  d'Ans. 

1  Schultz's  compound  was  very  probably  this  substance,  insufficiently  freed  from 
excess  acid. 
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pounds  of  this  type  would  be  formed  before  the  melting  point  of  the 
normal  salt  could  be  reached. 

System  Li2S04-H2S04. — From  previous  work  there  are  3  acid  salts 
of  lithium  sulfate  claimed — I42SO4.7H2SO4  melting  at  about  12  °;1  LijSO^- 
2H1SO4  melting  at  above  1100;*  and  I42SO4.H2SO4  melting  at  1200  accord- 
ing to  Lescoeur,8  and  at  160  °  according  to  Schultz.* 

The  results  of  the  present  work  are  tabulated  below.     (See  also  Fig.  2.) 

(a)  Solid  phase,  HsS04. 

%add 100.00    99. 19    97  15     95-37 

T.. 10.3        8.0        2.0    — 3.6 

(6)  Solid  phase,  LijSO^H.SO*. 

%acid 93-58    92.37    91-25    90.27    88.76    87.68    87.50    87. xs 

T 3.0        6.5        9.7      11. 4      12.9      13. 1       13.3       13.0 

%add 86.98 

T 13,0 

{c)  Solid  phase,  I42SO4.2H1SO4. 

%acid 86.36    85.09    84.69    84.13    83.77    83-42 

T 179      326      36.7      409      44-3      48.9 

(d)  Solid  phase,  LitS04.HsS04. 

%acid 82.99    81.61    80.68    79.94    78.84    77.89    76.55    76.08 

T 55.3      70.9      82.7      91.2      99.0    105.2     109.3     "4-7 

%add 7527    7359    7105    68.72    67.70    66.69    66.03    64.88 

T "77     125.4     135.8     142.5     J44-5     H7. 1     148.6     152.4 

%acid 6399    61.67    5989    5924    57.40    54-90    54«> 

T 155*2     159.4    161. 3     161. 5     164.7     167.8    168.5 

(e)  Solid  phase,  X? 

%acid 52.40    5190    51-45    5121     50.15    49.52    48.20 

T 186.5    229.9    256.0    258.6    279.9    289.0    315.0 

The  present  results  confirm  in  general  all  the  salts  previously  claimed. 
The  compound  containing  7  molecules  of  sulfuric  add,  for  which  Bergius 
gives  a  melting-point  of  "about  12  °,"  shows  a  clearly  defined  maximum  at 
13.3 °.  The  melting  point  of  no°  for  Li2S04.2H2S04  recorded  by  Schultz 
is  in  error,  since  this  compound  is  shown  on  the  freezing-point  curve  to 
be  unstable  at  its  melting-point  and  gives  a  transition  point  to  LiiS04.- 
H1SO4  at  a  temperature  of  50  °.  The  latter  compound  is  also  unstable 
at  its  melting-point,  but  a  slight  extrapolation  from  the  curve  indicates 
that  the  value  for  the  melting-point  is  170.5°,  much  higher  than  any  pre- 
viously given.  The  stable  portion  of  the  curve  ends  with  a  transition 
point  at  a  temperature  of  169.7  °  to  a  compound  with  a  larger  per  cent, 
of  lithium  sulfate  with  a  maximum  beyond  the  range  of  the  present  work. 
No  such  compound  has  as  yet  been  recorded. 

1  Bergius,  loc.  cit. 
1  Schultz,  loc.  cit. 
*  Lescoeur,  Bull.  soc.  chim.,  24,  516  (1875). 
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Consideration  of  Results. 

Reference  to  the  diagrams  will  show  at  once  a  strong  similarity  between 
the  curves  for  potassium  and  ammonium  salts;  the  course  of  compound 
formation  with  sodium  and  lithium  sulfates  is  also  much  alike.  This 
result  is  not  at  all  surprising  when  one  remembers  the  general  similarity 
between  the  compounds  of  these  respective  pairs  of  radicals.  In  all 
cases  there  is  evidence  for  extensive  compound  formation,  the  compounds 
varying  considerably  in  complexity  and  stability. 

Bergius,1  in  some  very  rough  preliminary  work,  showed  that  other  sul- 
fates, such  as  those  of  barium  and  strontium,  are  much  less  active  in 
forming  compounds  with  sulfuric  acid,  the  majority  being,  indeed,  only 
very  slightly  soluble.  While  Bergius1  work  is  merely  qualitative  in  char- 
acter, it  does  indicate  clearly  that  the  tendency  toward  compound  forma- 
tion with  sulfuric  acid  is  greatest  with  the  alkali  metals  here  examined. 

This  is  in  exact  accordance  with  the  results  of  previous  articles,  since 
according  to  the  rule  already  stated*  we  would  expect  the  sulfates  of  the 
most  electropositive  metals  to  form  most  stable  compounds  with  sulfuric 
acid.  In  this  acid,  in  fact,  the  salts  here  investigated  should  give  results 
analagous  to  those  obtained  with  the  corresponding  hydroxides  in  aqueous 
solution.*  A  systematic  study  of  the  remaining  metal  sulfates  in  sulfuric 
acid  is  now  in  progress,  and  it  is  hoped  to  obtain,  by  means  of  compound 
formation,  solubility  and  conductivity  data  in  these  systems,  results  which 
will  enable  us  to  establish  definitely  the  general  relationships  existing 
between  the  position  of  the  metal  in  the  electromotive  series  and  compound 
formation  in  the  first  place,  and  between  compound  formation  and  ioniza- 
tion in  the  second.  Extended  discussion  of  the  present  results  will  con- 
sequently be  deferred  to  the  succeeding  article  of  this  series. 

In  conclusion  here,  the  fact  may  be  noted  that  the  freezing-point  curves 
obtained  are  not  without  interest  in  connection  with  certain  industrial 
problems,  such  as  the  utilization  of  nitre  cake,  or  the  treatment  of  gas 
liquor.4 

Summary. 

A  complete  investigation  has  been  made  by  means  of  the  freezing-point 
method  upon  compound  formation  in  systems  containing  sulfuric  acid 
and  the  anhydrous  neutral  sulfates  of  potassium,  ammonium,  sodium 
and  lithium  from  the  eutectic  point  of  each  system  up  to  a  temperature 
of  300 °  (approximately). 
*Loc.cit. 
»P.  2 131. 

*  A  sulfate  in  sulfuric  acid  being  not  a  salt,  but  a  base. 

4  See,  for  example,  Johnston,  /.  Ind.  Eng.  Chem.t  10, 468  (191 8) ;  Dawson,  J.  Chem. 
Soc.,  113,  675  (1918);  Pascal  and  Ero,  Bull.  soc.  chim.,  [4]  25,  35  (1919);  Foote,  /.  Ind. 
Eng.  Chem.,  xx,  629  (1919). 
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The  results  obtained  may  be  summarized  as  follows  (compounds  of 
undetermined  composition  being  omitted): 

Salt  formula.  Acid  compounds  isolated. 

KjSO« (a)   K£04.3HiS04;m.p.,9i.50. 

(b)    KtS04.H»SO«;  m.  p.,  2 18.60 ;  existent  in  three  modifications, 
with  transition  points  at  1820  and  202  °. 

(NHOtSOi (a)    (NH4)tS04.3H^04;  m.  p.  48.00. 

(6)    (NH4)tS04.H,S04;  m.  p.  146.90. 

NasSOi (a)    2NajS04.9HiS04;  unstable  at  m.  p.  (6o°,  by  extrapolation), 

transition  points  to  the  two  modifications  of  (b)  occur- 
ring at  570  and  580. 

(b)  Na»SO«.2HtS04;  existent  in  two  modifications  both  un- 

stable at  their  m.  p.,  transition  to  (c)  occurring  at  95 ° 
and  109°. 

(c)  NasS04.HiS04;  m.  p.,  1860. 
U1SO4 (a)   L11SO4.7H1SO4;  m.  p.,  13.60. 

(6)    U1SO4.2H1SO4;  unstable  at  m.  p.,  transition  to  (c)  occurring 

at  500. 
(c)    LitSCVHjSO*;  unstable  at  m.  p.  (170.50,  by  extrapolation). 

The  bearing  of  the  results  here  obtained  upon  the  general  problem  of  the 
factors  affecting  compound  formation  in  solutions  has  been  briefly  pointed 
out,  but  full  discussion  is  reserved  for  a  later  article,  in  which  the  com- 
pound formation,  solubility  and  ionization  relationships  of  a  more  com- 
plete series  of  metal  sulfates  in  sulfuric  acid  will  be  considered. 

N*w  YotK,  N.  Y 


COLLOIDAL  ADSORPTION. 

By  Arthur  Mutschbixbr. 

Received  May  11,  1920. 

From  the  work  of  Stokes,  Einstein,  von  Smoluchowski,  The.  Svedberg, 
and  others,  we  have  a  clear  notion  of  the  properties  of  the  unstable  col- 
loids when  suspended  in  a  fluid;  for  in  their  case  all  the  conditions  upon 
which  Stokes*  law  is  based  seem  to  be  realized.  On  the  other  hand,  the 
properties  of  the  gelatinizing  and  swelling  colloids  are  so  much  at  variance 
with  the  requirements  for  the  validity  of  Stokes*  law,  that  it  seems  dearly 
impossible  to  consider  the  metallic  and  the  gelatinous  colloids  in  one 
class,  and  separate  efforts  to  establish  a  securely  based  view-point  from 
which  the  mechanism  of  the  action  of  the  latter  might  be  considered, 
does  not  seem  to  have  hitherto  been  made. 

To  make  generalizations  and  general  deductions  safely,  requires  a  set 
of  accurately  determined  experimental  facts  obtained  under  uniform 
standard  conditions  and  sufficiently  complete  so  that  by  coordinating 
the  variations  in  properties  a  complete  set  of  descriptive  data  on  the  sys- 
tem are  secured  showing  the  changes  in  the  properties  of  the  substance 


Digitized  by  VjOOQIC 


COLLOIDAL  ADSORPTION.  2 1 43 

under  investigation  when  certain  changes  in  the  surrounding  conditions 
are  forced  upon  it. 

In  view  of  the  fact  that  such  uniform  experimental  data  on  the  gelatinous 
or  swelling  colloids  are  not  directly  available  nor  found  in  the  literature, 
the  investigations  herein  recorded  were  carried  out  with  the  same  typical 
colloid,  with  an  electrolyte  added  in  varying  concentrations,  and  under 
uniform  experimental  conditions.  An  attempt  was  made  to  study  all 
such  physical  or  physico-chemical  properties  of  a  typical  colloid  as  are 
capable  of  investigation  by  modern  methods  and  as  seem  to  have  a  bear- 
ing in  defining  the  properties  of  the  colloid. 

The  distinctions,  heretofore  made,  between  suspensoids,  and  emul- 
soids,  between  irreversible  $nd  reversible  colloids,  between  unstable  and 
stable  colloids,  between  anhydrophils  and  hydrophils,  etc.,  are  undoubt- 
edly all  based  upon  differences  in  the  properties  of  the  2  classes  of  colloids, 
which  it  becomes  interesting  to  investigate.  When  considered  together 
with  the  general  properties  of  colloids,  these  differences  between  the  2 
classes  of  colloids  would  form  an  important  item  in  a  set  of  data  from 
which  it  should  be  possible  to  derive  general  principles  applying  to  both 
classes  or  if  that  is  not  possible,  to  describe  models  of  colloidal  particles 
which  exhibit  the  properties  of  both  classes. 

When  a  colloid  is  precipitated  the  properties  which  characterize  it  as  a 
colloid  generally  vanish.  It  appears,  therefore,  that  a  study  of  the  proper- 
ties of  colloids  would  have  to  be  directed  toward  investigating  the  fac- 
tors of  stability  or,  on  the  other  hand,  of  the  conditions  under  which  a 
colloid  is  coagulated  or  precipitated.  Since  the  factors  upon  which  the 
stability  of  a  colloid  system  depends  are  quite  numerous,  and  coagulation 
or  precipitation  can  be  initiated  by  any  one  of  a  great  number  of  factors, 
it  appears  that  the  study  of  the  factors  of  stability  of  colloidal  systems 
should  cover  the  most  important  properties  which  characterize  colloids. 

Nearly  all  of  the  aforesaid  factors  seem  to  be  connected  with  or  dependent 
upon  changes  in  the  concentrations  of  electrolyte  which  is  generally 
present.  Thus,  the  addition  of  gradually  increasing  quantities  of  elec- 
trolyte to  a  colloidal  solution  is  known  to  produce  many  changes  such  as 
adsorption  of  ions  and  salts,  changes  in  the  migration  velocity  of  the  parti- 
cles in  the  electrostatic  field,  surface  tension,  viscosity  or  internal  fric- 
tion, swelling  and  shrinking,  etc. 

As  far  as  possible,  the  writer's  experimental  work  covers  the  changes 
above  outlined  and,  therefore,  the  topics  given  below.  Unless  otherwise 
stated,  the  experiments  of  all  sections  were  performed  with  identical 
series  of  solutions,  at  the  same  temperature,  and  as  far  as  possible,  under 
identical  experimental  conditions. 

The  topics  of  the  investigation  were  (1)  the  migration  velocities  of  the 
kms  as  influenced  by  the  presence  of  a  reversible  colloid;  (2)  the  concen- 
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tration  of  the  anions  and  cations  as  influenced  by  the  presence  of  a  re- 
versible colloid;  (3)  the  migration  velocity  of  the  colloid  as  influenced  by 
increasing  concentrations  of  electrolyte;  (4)  the  surface  tension  of  emul- 
soid  solutions  as  influenced  by  increasing  concentrations  of  electrolyte; 
(5)  the  viscosity  or  internal  friction  of  emulsoid  solutions  as  influenced  by 
increasing  concentrations  of  electrolyte;  (6)  the  swelling  of  gelatin  as 
influenced  by  increasing  concentrations  of  electrolyte. 
EXPERIMENTAL  PART. 
Preparation  and  Composition  of  the  Solutions. 

In  view  of  the  variety  of  determinations  and  observations  planned,  all 
with  the  same  series  of  mixtures,  it  became  necessary  to  select  a  colloid 
and  a  salt  both  adapted  to  the  carrying  out  of  such  determinations  and 
observations.  To  avoid  complications  and  to  obtain  the  results  as  simply 
as  possible,  it  seemed  desirable  to  select  a  salt  ionizing  into  equivalent 
ions,  the  concentrations  of  which  could  be  determined  by  electromotive- 
force  measurements. 

In  previous  experimental  work  it  was  found  that  .gelatin,  which  is  a 
typical  representative  of  the  emulsoids,  is  suitable  for  the  experiments 
planned,  and  also  that  zinc  sulfate  is  satisfactory  as  an  electrolyte,  both 
the  sulfate  and  the  zinc-ion  concentrations  being  determinable  inde- 
pendently by  electromotive  force  measurements  by  means  of  electrodes, 
one  (first  kind)  for  the  zinc  ion  and  one  (second  kind)  for  the  sulfate 
ion.  The  experiments  were,  therefore,  made  with  1%  solutions  of  gelatin 
containing  increasing  concentrations  of  zinc  sulfate  as  indicated  in  Col. 
2  of  the  tables. 

Standard  solutions  of  zinc  sulfate  were- prepared  from  the  chemically 
pure  salt  and  distilled  water;  they  were  standardized  by  precipitating  the 
zinc  and  weighing  it  as  zinc  ammonium  phosphate.  The  gelatin  solu- 
tions were  prepare  from  a  good  quality  of  gelatin  previously  dialyzed 
and  again  desiccated.  For  each  day's  work,  fresh  solutions  were  prepared 
containing  2  g.  in  every  100  cc.  of  distilled  water.  The  mixtures  were 
slowly  heated  while  stirring  when  the  gelatin  went  rapidly  into  solution, 
and  heating  was  continued  until  boiling  just  began.  After  cooling  and 
while  the  gelatin  solution  was  still  fluid  the  mixtures  were  finally  prepared 
by  adding  an  equal  volume  of  the  properly  diluted  standard  zinc  sulfate 
solution  to  make  the  gelatin  content  of  the  mixtures  uniformly  1%  and 
then  allowing  them  to  stand  at  25  °  for  one  hour.  This  uniform  method 
of  preparing  the  mixtures  was  found  necessary,  for  otherwise  varying 
results  were  obtained. 

A  series  of  solutions  of  concentrations  as  indicated  in  the  tables  and 
prepared  as  stated  above  was  employed  for  all  experiments  reported 
in  this  paper,  unless  otherwise  stated.  The  working  temperature 
was  uniformly  maintained  near  25  °,    The  reaction  vessels  were  placed 
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into  a  carefully  regulated  thermostat  until  this  temperature  was  attained, 
and  the  measurements  were  then  made  and  repeated  until  found  constant. 
Thus  all  experimental  work  was  performed  under  identical  conditions, 
such  as  the  preparation  of  the  solutions,  the  regulation  of  the  tempera- 
ture, the  lapse  of  time,  etc.,  unless  the  contrary  is  indicated.  The  experi- 
mental data  reported  are  the  result  of  several  measurements,  and,  as  a 
rule,  the  average  of  at  least  2  measurements  made  at  different  times  is 
given  in  the  tables. 

The  Migration  Velocities  of  the  Ions  as  Influenced  by  the  Presence 

of  a  Reversible  Colloid. 

In  a  previous  publication  experiments  were  described  which  show  that 
the  migration  velocities  of  the  silver  and  the  nitrate  or  the  copper  and 
the  sulfate  ions  are  changed  considerably  when  certain  quantities  of  an 
emulsoid  are  added  to  their  solutions.1  Thus  the  silver  and  the  nitrate 
ions  of  a  pure  silver  nitrate  solution  migrate  with  relative  migration  veloci- 
ties of  0.562  for  the  nitrate  ion  and  0.438  for  the  silver  ion.  These  rela- 
tive migration  velocities  are  generally  determined  by  estimating  the 
changes  in  the  concentrations  at  the  2  electrodes  when  a  certain  quantity 
of  the  metal  is  electrically  deposited  on  the  cathode.  Thus  it  is  found 
that  while  one  equivalent  of  silver  is  deposited  cm  the  cathode  there  have 
arrived  by  migration  only  0.438  equivalent;  hence  there  is  a  decrease  in 
the  concentration  of  silver  ions  at  the  cathode.  It  is  then  also  found  that 
at  the  anode  there  have  only  arrived  0.562  equivalent  of  nitrate  ions,  so 
that  there  is  also  a  decrease  in  the  concentrations  of  silver  nitrate.  More- 
over, the  deposit  on  the  cathode  is  not  smooth  but  rather  crystalline, 
forming  the  so-called  silver  trees.  The  height  of  these  silver  trees  prob- 
ably indicates  the  thickness  of  the  layer  of  fluid  near  the  cathode  in  which 
impoverishment  of  the  silver  content  has  developed. 

Marked  changes  in  the  migration  velocities  of  these  ions  are  observed, 
however,  if  to  their  solutions  addition  of  certain  quantities  of  gelatin  is 
made.  Thus  a  small  quantity  of  gelatin  added  to  a  normal  solution  of 
silver  nitrate  causes  a  decrease  in  the  migration  velocity  of  the  nitrate 
ions  and  a  proportional  increase  in  the  velocity  of  the  silver  ions.  At 
the  same  time,  the  tendency  to  form  silver  trees  and  a  loose  deposit  on 
the  cathode  is  decreased,  the  deposit  being  quite  smooth,  well  adherent 
to  the  cathode,  and  less  crystalline.  Furthermore,  a  small  amount  of 
organic  material  having  the  appearance  of  coagulated  gelatin  had  gath- 
ered around  the  anode. 

Quite  different  results  are  observed  when  larger  additions  of  gelatin 

are  made  to  a  normal  silver  nitrate  solution.    The  deposit  on  the  cathode 

is  then  smooth  and  well  adhering  and  a  layer  of  gelatin  is  found  to  have 

gathered  around  the  cathode;  the  deposit  on  the  cathode  consists  in  this 

1  Mutscheller,  M$t.  Chetn.  Eng.t  13,  353-7  (1915)- 
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case  of  a  mixture  of  silver  and  gelatin.  The  migration  velocity  of  the 
silver  ions  is  found  to  be  either  unit  or  more,  according  to  whether  the 
organic  deposit  on  the  cathode  was  weighed  with  the  silver  or  whether  it 
was  removed  and  the  silver  only  had  been  weighed.  The  migration  velocity 
of  the  nitrate  ions,  however,  is  found  to  be  zero. 

Under  ordinary  conditions  gelatin  without  the  addition  of  electrolyte, 
migrates  to  the  negative  electrode,  hence  carries  a  positive  charge.  When 
a  small  quantity  of  it  is  added  to  a  normal  silver  nitrate  solution,  then 
there  is  adsorption  of  negative  ions  until  the  charge  of  the  gelatin  particles 
is  reversed,  at  which  time  they  migrate  to  the  anode  instead  of  as  before 
to  the  cathode.1  If  the  quantity  of  gelatin  added  is  larger,  the  negative 
ions  in  the  solution  which  are  being  adsorbed  are  not  sufficient  to  reverse 
the  charge  of  the  gelatin  particles  and  they  still  continue  to  migrate  to 
the  cathode.  There  is,  naturally,  a  point  when  the  gelatin  particles  axe 
just  neutralized  and  they  do  not  migrate  either  to  the  cathode  or  to  the 
anode.2 

Experiments  to  determine  the  migration  velocities  of  the  zinc  and  the 
sulfate  ions,  in  the  series  of  solutions  of  zinc  sulfate  of  increasing  concen- 
trations containing  1%  of  gelatin  were  carried  out  for  the  purpose  of  find- 
ing at  what  concentration  the  negative  sulfate  ions  are  just  sufficient  to 
neutralize  the  positive  charge  of  the  gelatin  particles  of  a  1%  solution. 
The  apparatus  employed  for  this  work  is  the  same  as  that  formerly  em- 
ployed. The  entire  cathode  compartment  was  emptied  into  a  weighing 
1  That  there  is  a  reversal  in  the  direction  of  migration  of  the  anions  when  gelatin 
is  present  in  the  solution  has  already  been  observed  by  A.  Carpentier  (Compt.  rend., 
136,  1652  (1903)).  He  found  that  when  the  solution  is  of  a  chromate  or  dichromate 
placed  upon  a  film  of  10%  gelatin,  the  reddish-yellow  chromate  ion  migrates  with  great 
velocity,  not  to  the  anode  but  to  the  cathode.  While  Carpentier  does  not  give  an 
explanation,  this  observation  is  evidently  in  agreement  with  the  theory  of  adsorption 
as  expounded  in  this  paper. 

1  Paul  Richter  (Z.  physik.  Chetn.,  80,  449,  (191 2))  determined  the  influence  of 
certain  colloids  upon  the  migration  velocities  of  several  electrolytes  and  found  only 
slight  decreases  when  increasing  additions  of  colloid  were  made.  He  analyzed  the 
anode  fluid  and  in  all  cases  he  neglected  the  presence  of  the  colloid  or  he  assumed  that 
no  changes  in  the  concentration  of  the  colloid  could  occur.  But,  as  will  be  shown, 
when  a  small  quantity  of  colloid  is  added  its  charge  is  reversed  and  made  negative  so 
that  the  colloid  migrates  to  the  anode.  When  larger  additions  of  colloid  are  made, 
however,  more  and  more  of  the  colloid  migrates  toward  the  cathode  for  its  charge  then 
becomes  more  and  more  positive.  Thus,  when  larger  additions  of  colloid  are  made, 
the  anode  fluid  will  have  a  lower  specific  gravity  after  the  electrolysis  than  before, 
so  that  at  the  rate  at  which  the  additions  are  increased,  the  anode  fluid  loses  progres- 
sively in  specific  gravity.  This  gives  the  impression  that  the  anode  fluid  is  of  smaller 
volume  than  it  actually  is,  and  the  chlorine  ion  concentration  is  found  to  be  higher  with 
the  result  that  the  differences  before  and  after  the  electrolysis  appear  larger  and  the 
migration  velocities  also  larger  than  they  are.  This  error  in  the  case  of  a  0.05  N  solu- 
tion of  monovalent  ions  is  much  larger  than  it  would  be  in  the  case  of  a  molar  solution 
of  polyvalent  ions. 
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flask  and  its  exact  weight  was  determined.  From  this  weight,  that  of 
the  zinc  sulfate  as  found  later  by  analysis,  was  subtracted.  From  the 
remaining  weight  and  the  specific  gravity  of  the  solution  the  exact  vol- 
ume of  the  cathode  fluid  was  calculated.  Finally,  from  the  data  obtained 
by  analysis  (*'.  e.,  precipitating  and  weighing  the  Sine  as  zinc  ammonium 
phosphate)  the  relative  migration  velocities  of  the  sulfate  and  the  zinc 
ions  were  calculated.    These  results  are  reported  in  Table  I. 

Table  I. — Changes  in  thb  Relative  Migration  Velocity  of  the  Zinc  Ion  in 
Solutions  op  Various  Concentrations  by   i%  Gelatin. 

Zinc  anode,  platinum  cathode;  volts  12,  from  storage  battery;  time,  2  to  3  hours. 

Relative 
Zn  +  +    migration 
Sola-      ZnSOi        Cone      Deposit    migrated  ▼elocity  ponn 

""   "       of  free  on  to        ofZn*i"+      of  the 


No.        molar.        ions."       cathode,  cathode.*  calculated,     deposit.  Gelatin. 

4 o  .025     o  .0142    o  .01 18*  o  .0169     1 .438  Dark  color;  Thick  layer  dep.  on 

impure  cathode 

5 0.05      0.0234    0.0136*  0.0180     1.323  Gray  with  tend- Layer   of   gel.    dep. 

ency  to  peel         on  cathode 

off 

6 0.075     0.0326    0.0381*  0.0483     1 .269  Slightly  gray       Film  of  gel.  dep.  on 

cathode 

7 —  0.10      0.0397    0.0624*  0.0734     1. 177  Well  adherent;    Small  amt.   of   gel. 

slightly  dull         gathered  at  cath- 
ode 

8 —  0.25      0.0803    0.0297    0.0302     1 .016  Brilliant,  pure,    No  accumulation  of 

adherent  gelatin 

9 0.50      0.141      0.0585     0.0517    0.884  Pure,  tendency    Small  quan.  of  gel. 

to  form  striae      gathered     around 
anode 
10 —  0.75      0.185      0.0421     0.0143    0.340  Pure,  forming      Layer  of  gel.  gath. 

striae  and  bub-     around  anode 

bles 
11 1 .00      0.229      0.0560    0.362      0.154  Very  poor,  Gel.    precipitated 

forming  era-         upon   add.    of    N 

ters  and  striae       ZnS04  sol. 

•  Calculated  from  the  conductivity  measurements  of  Jones  and  West,  Am.  Chem. 
J-.  34»  357  (1905). 

6  Deposit  of  zinc  and  organic  material. 

•  Zinc  deposited  minus  the  loss  of  zinc  in  the  cathode  compartment. 

The  results  which  are  plotted  in  Fig.  i  Curve  2,  show  that  concentra- 
tions higher  than  0.28  molar  zinc  sulfate  furnish,  probably  through  pro- 
gressive ionization,  more  sulfate  ions  than  the  colloid  added  is  capable 
of  adsorbing.  The  migration  velocities  of  the  zinc  ion  in  the  solutions 
containing  zinc  sulfate  in  higher  concentration  than  0.28  molar  are,  as 
the  experimental  data  show,  less  than  unity  and  the  deposit  is  less  smooth 
and  less  adherent  as  the  concentration  of  the  zinc  sulfate  in  the  solutions 
increases.  At  the  point  where  the  addition  of  zinc  sulfate  just  amounts 
to  0.28  molar  the  migration  velocity  of  the  zinc  ions  is  unity  and  the 
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Curve  2  showing  changes  in  the  rela- 
tive migration  velocity  of  the  Zn"1"1" 
ion. 
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Curve  2a  showing  the  SO*"  and  the 
Zn"1"1"  •+•  SO<"  adsorbed. 
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Curve  4  showing  the  changes  of  the 
migration  velocity  of  the  gelatin 
particles. 
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Curves  showing  the  viscosity  of  the 
solutions  after  various  intervals  of 
time 
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Curve  6  showing  the  extent  of  swelling 
of  gelatin  in  the  various  dilutions 
of  ZnSOi. 
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Fig.  1. — Molar  concentration  of  ZnSO<  added 
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velocity  of  the  sulfate  ion  is  zero.  At  lower  than  0.28  molar  concentra- 
tions of  zinc  sulfate  the  migration  velocities  of  the  zinc  ion  are  apparently 
higher  than  unit  velocity  since  the  deposit  of  organic  material  was  weighed 
along  with  the  zinc  deposited  on  the  cathode.  The  deposition  of  gelatin 
on  the  cathode  probably  takes  place  due  to  the  fact  that  gelatin  when 
negatively  charged  adsorbs  positive  ions  as  shown  in  the  next  section,  and 
may  thus  be  deposited  on  the  cathode. 

The  results  of  this  series  bring  into  evidence  again  the  fact  that  the 
particles  of  gelatin  adsorb  negatively  charged  ions,  rendering  them  elec- 
trically neutral,  so  that  at  proper  proportions  the  current  which  is  trans- 
ported across  the  electrolyte  is  then  carried  by  the  positive  ions.  This 
is  indicated  by  the  fact  that  the  positive  ions  actually  migrate  with  in- 
creased velocity  for  the  concentration  of  positive  ions  around  the  cathode 
is  found  to  remain  constant  when  just  the  proper  quantity  of  gelatin 
sufficient  to  adsorb  the  free  negative  ions  is  present.  The  results  of  this 
series  show  that  the  negative  ions  of  a  o. 28  molar  zinc  sulfate  solution  are 
approximately  neutralized  by  1%  of  gelatin  with  the  result  that  the  zinc 
ions  migrate  with  unit  velocity  and  they  deposit  as  a  smooth  and  non- 
crystalline layer  on  the  cathode. 

The  Concentration  of  the  Free  Anions  and  Cations  as  Influenced  by 
the  Presence  of  a  Reversible  Colloid. 
The  results  of  the  foregoing  series  of  experiments  indicate  that  a  union 
takes  place  between  the  colloidal  particles  and  the  negatively  charged 
ions  when  a  neutral  salt  is  added  to  the  solution  of  the  colloid.  The 
storage  of  electrolyte  in  finely  divided  substances  is  an  old  and  a  well- 
known  phenomenon  generally  called  adsorption.  The  relation  of  the  ad- 
sorbed to  the  unadsorbed  quantities  of  electrolyte,  in  the  case  of  a  number 
of  suspensoids  has  been  investigated  by  H.  Freundlich  and  many  others. 
Freundlich1  found  that  the  ratio  of  distribution  of  the  electrolyte  between 
the  colloid  and  the  solvent  is  well  represented  within  certain  limits,  by 
the  equation 

x/m  -  Bcx/q 
where  x/m  b  the  quantity  of  electrolyte  adsorbed  by  tn  grams  of  the  col- 
loid, c  is  the  concentration  of  electrolyte  remaining  in  solution,  and  B 
and  l/q  are  constants.  Since  taking  the  logarithms  of  both  sides  of  this 
equation  gives  an  equation  for  a  straight  line,  plotting  the  logarithms  of 
the  experimental  data  must  give  a  straight  line,  if  they  satisfy  the  ad- 
sorption equation.2  Freundlich,8  however,  found  that  the  logarithmic 
plot  of  the  points  corresponding  to  larger  additions  of  electrolyte  bends 
somewhat  and  tends  to  run  parallel  with  the  log-c  axis.    The  curve  of 

1  "Kapillarchemie,"  1909,  p.  i43ff. 

*  Freundlich,  Z.  physik.  Chem.,  57,  391  (1907). 

5  "KapiUarchemie,"  p.  94. 
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this  plot,  therefore,  is  only  a  straight  line  when  smaller  additions  of  elec- 
trolyte are  made  to  the  colloid. 

In  order  to  test  the  ratio  of  adsorption  of  ions  by  the  emulsoid  chosen 
for  this  investigation  a  series  of  determinations  of  the  concentrations  of 
the  free  zinc  and  sulfate  ions  was  made,  first  in  a  series  of  pure  solutions 
of  zinc  sulfate  of  increasing  strengths,  and  then  in  a  similar  series  of  solu- 
tions containing  in  addition  i%  of  gelatin.  Differences  found  in  the  re- 
sults evidently  indicate  the  formation  of  a  neutral  combination  consisting 
of  colloidal  particles  and  ions,  and  the  numerical  values  of  these  differ- 
ences represent  the  adsorbed  quantity  of  ions.  These  values  and  those 
of  the  ionic  concentrations  found  in  the  solutions  can  then  be  suitably 
plotted  to  determine  whether  they  represent  an  adsorption  equilibrium. 
The  apparatus  employed  for  determining  the  concentration  of  the  zinc  ion 

and  the  sulfate  ion  in 
solutions  of  zinc  sulfate 
mc  ""  consists  of  a  potentio- 
meter as  a  balancing  in- 
strument, an  electrom- 
eter as  a  zero  instru- 
ment, a  standard  cad- 
mium element  as  a 
^    ^  standard  of  electromo- 

tive  force  and  an  accu- 
Ama/yom  /s+>  mutator  as  a  constant 
so*  electromotive  force.  All 

determinations    were 
A.(  made  at  250,  the  tern- 

perature  of  the  cells  be- 
lg'  2m  ing  controlled  in  a  care- 

fully regulated  thermostat.   The  type  of  cell  representing  the  combination  is 


Zn 


ZnS0'       conc.KCl       ZnS0< 


Zn 


where  d  and  Cj  are  the  concentrations  of  Zn++,  respectively,  in  the  2 
solutions. 

A  concentrated  solution  of  potassium  chloride  served  as  a  connecting 
fluid  between  the  2  electrode  halves. 

The  electromotive  force  of  this  cell  is  given  by  the  formula 

g  ,  o-ooooigr  ft 

2  C\ 

The  concentration  of  C2,  the  concentration  sought  was  calculated  from 

log  Ct  =  log  Ci  —  log  ^ 
where 
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log^ 


0.00001987/2' 

The  concentrations  of  the  sulfate  ion  was  determined  with  the  aid  of  a 
cell  represented  by 

PbS04         _„  ™t  PbS04 


Pb 


—  cone.  KC1  — 


Pb 


ZnSCVCi       ™~*  ~~*       ZnS04/C* 

Metallic  lead  as  an  electrode  was  employed  in  the  form  of  a  15%  amal- 
gam. The  electrode  vessels  illustrated  in  Fig.  2  were  found  to  be  most 
satisfactory,  especially  for  operation  with  solutions  containing  colloidal 
matter. 

The  electromotive  force  of  this  cell  is  given  by 

c,       o.ooooio8r  _,  t      Ct 

E  -  — ?—   X  log  r 

2  Ci 


and  is  calculated  from 

logC, 
where  log  ^  is  again  equal  to 


log  Ci  +  log  ^ 


0.00001987/2" 
Thus  Fig.  3  is  a  direct  plot  of  the  experimental  results  recorded  in  Table 
II  and  Fig.  4  (a)  is  the  logarithmic  plot  of  the  ratio  of  distribution  of 


^s 

*** 

4?* 

^  ^ 

s<?     ^z* 

% 

^     *£^ 

_J?  ^^ 

qP? 

0.22 
0.20 
0.18 
0.16 
0.14 
O.I2 

O.IO 

0.08 
0.06 
0.04 
0.02 


0.1       0.2       0.3       0.4      0.5       0.6       0.7       0.8      0.9       1.0 

Fig.  3. — Showing  (a)  the  concentrations  of  the  S04"  and  of  the  Zn++  in  the  pure 
solutions;  (b)  the  concentrations  of  the  Zn+*  when  1%  of  gelatin  is  added; 
(c)  the  concentrations  of  the  SO4-  when  1%  of  gelatin  is  added;  (d)  the  loss  of 
Zn"***  +  S04*  when  1%  of  gelatin  is  added. 

the  sulfate  ion  between  gelatin  and  the  solvent ;  Fig.  4  (6)  is  the  logarithmic 
plot  of  the  sum  of  the  concentrations  of  the  sulfate  and  the  zinc  ions  and 
is  clearly  a  straight  line. 
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Table  II. — Changes  in  the  Concentration  op  the  Sulfate  and  Zinc  Ions  Pro- 
duced by  the  Addition  of  i%  Gelatin. 

Found  by  e.  m.  f.  measurement. 

No  additions.  1  %  gelatin 

ZnS04     Cone.     Concentrations.  solutions.  Adsorbed  by  gelatin. 


Solu-       added    of  free  .  ,  ,  ,  .  .  ,  ,, 

No.        molar.    »ions.°     Zn++.      SOi".     Zn++.*      SO«-.  Zn++.      SO4-.  Zn++  +  SO.-'. 

2 0.005  O.OO35  0.003     O.OO35  O.OO45     0.0002  — O.OO094  O.OO42  0.0042 

3....  0.01    0.0063  0.0062  0.0063  0.00872  0.0007  — 0.00238  0.00701  0.00701 

4 0.025  0.0142  0.0136  0.014    0.0180    0.0031  — O.OO38     O.OIII  O.OIII 

5 O.05     O.02340.0247  O.034     O.0248     0.0077  — <).ooi4     0.0159  0.0159 

6 0.075  0.0326  0.033    0.0326  0.0324    0.0134  -|-o. 0002    0.0192  0.0194 

7....  0.10    0.0397  0.0394  °°395  0.0385     0.0199  +0.0010    0.0196  0.0206 

8 0.25     0.0803  0.0813  0.0803  0.0775     0.0517  +0.0028    0.0286  0.0314 

9 0.50    0.141     0.141     0.141     0.135       0.109     +0.0060    0.032  0.038 

10 0.75     0.185     0.184    0.188    0.176      0.155     +0.0120    0.033  0045 

11 1 .00    0.229    0.219    0.229       

•  Calculated  from  the  conductivity  measurements  of  Jones  and  West,  Am.  Chem. 

J.,  34.  357  (1905). 

6  With  regard  to  the  dissociation  of  zinc  sulfate,  it  must  be  considered  to  exist  in 
accordance  with  the  equilibrium 

(Zn  +  +)(SO«-) 

(ZnS04)        =      ' 
If  the  colloidal  particles  remove  SO4-  from  the  solution,  there  will  be  a  rearrangement 
of  the  equilibrium  so  that  if  x  moles  per  liter  of  SO4-  are  removed, 
(Zn  +  +  +  s)SOr—  x)  = 
(ZnS04  —  *)  ' 

There  is,  therefore,  an  increase  of  zinc  ions  due  to  the  further  ionization  of  zinc  sulfate 
initiated  by  the  removal  of  sulfate  ions.  Thus  we  find  such  an  increase  of  zinc  ions 
as  recorded  in  Table  I  below  0.1  molar  dilutions.  From  there  on,  however,  there  is 
then  a  decrease  of  zinc  ions  which  shows  that  from  that  point  on,  the  colloid  has  also 
adsorbed  some  zinc  ions.  Assuming  that  y  moles  were  adsorbed,  then  there  is  again 
a  rearrangement  of  the  equilibrium  so  that 

(Zn++  +  x-  y)  (SO4-  —  x  +  y)  = 
(ZnSO«  —  *  +  y) 
The  amount  of  Zn  +  +  and  SO«~  actually  adsorbed  is,  therefore,  in  all  probability  con- 
siderably larger  than  that  .found  by  difference  from  the  remaining  concentrations. 
That  is,  the  removal  of  zinc  ions  and  sulfate  ions  is  followed  by  further  ionization  of 
zinc  sulfate  through  which  loss  in  these  ions  is  made  to  appear  smaller.  The  actual 
extent  of  this  difference  cannot  be  accurately  determined,  the  difference  would  appear 
in  the  constants  of  the  adsorption  equation,  which,  however,  at  the  present  has  no 
definite  meaning.  The  result  might  be  a  slight  difference  in  the  slope  and  the  inter- 
section of  the  logarithmic  curve  with  the  log  x/m  axis  but  the  differences,  in  all  prob- 
ability, are  only  slight. 

e  These  increases  in  the  case  of  the  zinc  ion  in  the  solution  are  not  added  as  nega- 
tively adsorbed  for  they  are  probably  due  to  the  readjustment  of  the  equilibrium 
of  the  zinc  and  sulfate  ions  when  the  latter  are  withdrawn  from  the  solution  by  the 
colloid. 

The  results  brought  into  evidence  by  this  series  of  determinations  are 
two-fold.    First,  it  is  shown  that  the  sulfate  ion  (not  the  zinc  ion)  main- 
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tains  a  typical  adsorption  equilibrium  between  the  solvent  and  the  gela- 
tin present  in  the  solution  in  the  sense  of  H.  Freundlich's  criteria;  second, 
it  is  shown  that  the  logarithmic  plot  of  the  ratios  of  distribution  of  the 
sulfate  and  the  zinc  ion  taken  as  their  sums  and  plotted  against  the  con- 
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7.75 


6.25     6.50    6.75    7.00     7.25     7.50    7.75     8.00     8.25     8.50    8.75     9.00       9.25 
Fig.  4. — Logarithmic  plot  of  (a)  the  SO«~  and  of  (b)  the  Zn++  +  SO4"  as  distributed 
between  the  colloid  and  the  solvent. 

centrations  of  1/2  the  sums  of  the  concentrations  of  the  sulfate  and  the 
zinc  ions  in  the  solutions  is  better  represented  by  the  adsorption  equation 
used  by  Freundlich,  than  the  ratio  of  the  sulfate-ion  concentrations  alone 
without  including  the  zinc  (positive)  ion  also.     (Fig.  1.  Curve  2a.) 

The  Velocity  of  Motion  of  Colloidal  Particles  as  Influenced  by  the 
Presence  of  Increasing  Concentrations  of  Electrolyte. 

That  many  colloidal  particles  migrate  when  subjected  to  the  force  of 
an  electrostatic  field  and  that  this  motion  is  the  result  of  the  action  of  the 
field  on  the  electrical  charges  carried  by  the  particles,  is  a  fact  known  for 
many  years  and  which  has  been  the  subject  of  lively  investigation.  The 
work  of  Wiedemann  and  Perrin1  brought  out  the  fact  that  if  2  different 
mutually  insoluble  substances,  especially  when  present  in  different  phases, 
come  in  contact,  that  there  is  generally  a  difference  of  electrical  potential 
at  or  near  the  surface  of  contact. 

Although  the  mechanism  of  the  action  of  a  field  on  a  charged  particle 
and  the  factors  upon  which  the  motion  imparted  to  the  particle  by  the 
field  depends  are  rather  clearly  understood,  there  are  still  quite  a  number 
of  theories  under  consideration  regarding  the  origin  of  the  charge  of  the 
particles.  The  chemical  theories  seem  to  fail  utterly  to  account  for  the 
original  charge  of  the  particle  and  to  explain  the  existence  of  a  charge  when 
1  /.  chim.  phys.,  2,  607  (1904). 
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electrolyte  is  present  in  the  solution.  The  theory  of  Helmholtz  and  Lamb, 
however,  has  in  recent  time  received  very  good  support  from  the  work 
recently  performed  on  the  structure  of  solids  to  which  reference  is  made 
later  in  another  article. 

When  testing  the  electrical  properties  of  suspensoids  it  is,  as  a  rule,  possi- 
ble to  obtain  definite  and  well  agreeing  results,  but  with  emulsoids  there 
seem  changes  of  a  more  complicated  nature  to  be  going  on  around  the  elec- 
trodes so  that  the  same  interpretations  do  generally  not  apply.  But  this 
series  of  experiments  was  carried  out  for  the  sole  purpose  of  finding  the 
point  at  which  the  charge  of  the  gelatin  particles  is  neutralized  by  the 
added  electrolytes. 

For  the  determinations  the  same  tube  as  that  used  for  the  determina- 
tions of  the  changes  of  migration  velocities  of  the  ions  was  employed. 
The  distance  between  the  electrodes  is  12.4  cm.;  the  voltage  of  the  cur- 
rent applied  to  the  electrodes  is  44.6  volts,  so  that  there  existed  a  poten- 
tial drop  across  the  electrodes  of  3.6  volts  per  centimeter.  The  time  of 
running  was  generally  about  30  minutes.  The  estimation  of  the  gelatin 
that  migrated  was  carried  out  by  determining  the  changes  in  the  gelatin 
content  at  the  2  electrodes.  From  determinations  of  the  total  nitrogen 
content  of  a  given  volume  of  the  well  mixed  content  of  the  cathode  vessels 
the  velocity  of  the  gelatin  particles  that  migrated  was  calculated  for  an 
existing  drop  of  one  volt  per  centimeter  in  one  second  of  time. 

Table  III. — Changes  op  Migration  Velocity  op  Gelatin  Particles  with  In- 
creasing Additions  op  Electrolyte. 

Solution  No.  ZnSO«  Cone,  of  free  iona.«  Velocity  of  motion 

added  molar.  cm./eec  pot.  drop  volt/cm. 

3 0 .01  o  .0063  — 16  X  IO"* 

4 0.025  0.0142  — 15  X  IO"1 

5 o  .05  o  .0234  — 13  X  10"* 

6 0.075  0.0326  — 10X10"* 

7 0.10  0.0397  — 3  X  io~* 

8 0.25  0.0803  7  X  10"* 

9 0.50  0.141  11  X  io"* 

a  Loc.  tit. 

The  numerical  data  of  Table  III,  which  are  plotted  to  Fig.  1,  Curve  4, 
bring  out  the  fact  that  the  colloidal  particles  are  deprived  of  all  their  charge 
when  0.28  molar  zinc  sulfate  is  present  in  the  solution.  This  point, 
therefore,  represents  the  isoelectric  conditions  of  the  colloidal  gelatin 
particles  as  indicated  by  the  fact  that,  at  that  point,  they  are  unsusceptible 
to  the  force  of  an  electrostatic  field. 

The  Surface  Tension  of  a  Solution  of  an  Emulsoid  as  Influenced  by 
Increasing  Concentrations  of  Electrolyte. 

It  has  been  observed  experimentally  that  the  surface  tension  of  water 
is  decreased  by  a  class  of  colloids  which  includes  gelatin,  albumin,  dextrin, 
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agar-agar,  gum  arabic,  soaps,  rosins,  etc.,  as  against  being  increased  by 
metallic  colloids.  The  results  of  H.  Freundlich  and  W.  Neumann1  show 
that  some  of  these  substances,  when  dispersed  in  water,  decrease  the  sur- 
face tension,  but  when  dispersed  in  alcohol  they  cause  a  rise  in  the  surface 
tension.  These  differences  in  the  effects  upon  the  surface  tension  of  the 
pure  solvent,  can,  therefore,  be  considered  as  constituting  a  property 
characteristic  of  emulsoids.1 

The  surface  tension  of  a  gelatin  solution,  as  G.  Buglia*  and  W.  Frei4 
show  is  further  decreased  by  the  addition  of  H+  (positive  ions)  and  is  in- 
creased (*.  e.,  the  difference  between  the  surface  tension  of  the  gelatin 
solution  and  the  pure  solvent  is  made  smaller)  by  the  addition  of  OH"" 
(negative  ions).  As  is  shown  by  W.  Frei,  the  order  in  which  the  anions 
increase  the  surface  tension  of  gelatin  solutions  and  in  which  the  cations 
decrease  it,  is  in  the  order  of  the  Hofmeister  series.  Furthermore,  as  is 
characteristic  of  the  Hofmeister  series,  the  order  is  reversed  when  the  re- 
action of  the  solution  is  changed  by  the  addition  of  either  an  acid  or  an 
alkali. 

It  seems  indicated  to  mention  that  these  and  the  observations  de- 
scribed in  the  following  are  in  agreement  with  W.  Gibbs'  well-known 
theorem;  for,  as  reported  by  W.  Frei,*  the  anions  cause  a  decrease  in  the 
difference  between  the  surface  tension  of  the  pure  solvent  and  that  of  the 
gelatin  solutions,  as  the  result  of  which  the  anions  are  adsorbed  by  the 
gelatin  particles. 

The  surface  tension  of  the  solutions  described  in  the  introduction  was 
measured  by  the  capillary-rise  method.*  A  capillary  of  uniform  cross 
section  was  employed;  a  thread  of  mercury  in  this  capillary  10  cm.  long 
weighs  o.  1053  g.  As  a  criterion  of  cleanness,  it  was  observed  that  the 
capillary  rise  and  fall  should  not  differ  by  more  than  one  mm.  The  data 
recorded  in  Table  IV  are  calculated  with  the  aid  of  the  formula,  n  =  l/i 
rhsg,  where  r  is  the  radius  of  the  capillary  calculated  from  the  weight  of 
the  thread  of  mercury,  h  the  height  of  ascent  in  cm.,  s  the  specific  gravity, 
and  g  the  constant  of  gravity  equal  to  980.6. 

The  results  show  a  decrease  in  the  surface  tendon  of  water  caused  by 
the  solution  of  1%  of  gelatin.  But,  within  the  limits  of  experimental 
error  attainable  by  the  capillary  rise  method,  it  is  not  possible  to  find , 
any  change  in  the  surface  tension  of  the  solutions  due  to  the  addition  of 
increasing  quantities  of  zinc  sulfate  to  the  gelatin  solution.  This,  at  first, 
might  be  contrary  to  the  expectations,  but  since  the  effectiveness  of  the 

1  Freundlich  and  Neumann,  KoUoid  Z.,  3,  80  (1908). 

1  Wo.  Ostwald,  "Kolloidchemie,"  191 2,  p.  227. 

'Buglia,  Biochem.  Z.t  11,  311  (1908). 

*  Frei,  Diss.,  Zurich,  1907. 

%Loc.  cit. 

1  Ostwald-Luther,  "Physico-chemische  Mesrangen,"  1904,  p.  234. 
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ions  varies  in  the  order  of  the  Hofmeister  series,  and  since  the  zinc  ions 
and  the  sulfate  ions  as  decreasing  and  increasing  the  surface  tension  of 
the  gelatin  solution  might  be  nearly  equivalent,  it  is  probable  that  the 
changes  which  might  actually  exist  are  too  small  as  to  be  discernible  by 
this  method.1 

Table  IV. — Showing  thb  Surface  Tension  of  i%  Gelatin  Solutions  with  In- 
creasing Concentrations  of  Zinc  Sulfate. 

Z11SO4  Cone  of  Capillary  Surface 

Solution  No.  added  molar.  free  ions.a  Sp.  gr.  ascent,  cm.  tension. 

Water 1 .000  9 .60  741  X  10"* 

t%Gel 0.9936  8.20  629X10"* 

2 0.005  0.0035  0.9946  8.30  631X10"* 

3 0.01  0.0063  0.9950  8.20  629X10"* 

4 0.025  0.0142  0.9966  8.20  630X10"* 

5 0.05  0.0234  1.0021  8.15  630X10"* 

6 0.075  0.0326  1.0058  8.15  632  X  10"* 

7 0.10  0.0397  1 .0103  8.10  631X10"* 

8 0.25  0.0803  1.0304  7.85  629X10"* 

9 0.50  0.141  1.0723  7.60  629X10"* 

10 0.75  0.185  1. 1042  6.30  630X10"* 

11 1 .  00  o.  229  coagulated  

a  Loc.  cit. 

The  conclusions  from  this  series  of  determinations  are  that  the  addition 
of  increasing  quantities  of  zinc  sulfate  to  1%  gelatin  solutions  is  not  ac- 
companied by  any  great  changes  in  the  surface  tensions  of  the  original 
pure  gelatin  solution. 

The  Viscosity  or  Internal  Friction  of  a  Solution  of  an  Emulsoid  as 
Influenced  by  Increasing  Concentrations  of  Electrolyte. 
Viscosity  measurements  of  colloidal  solutions  were  hitherto  used  mostly 
for  the  purpose  of  comparing  different  qualities  and  different  sols,  yet  they 
seem  also  to  indicate  changes  in  such  physical  properties  which  are  the 
result  of  changes  in  the  internal  structure  of  the  dispersed  component  of 
the  system.  The  Faraday  Society,  in  1913,  called  a  meeting  for  the  dis- 
cussion of  the  theme  "The  Viscosity  of  Colloids."2  A  large  part  of  the 
discussions  at  this  meeting  were  on  2  formulas  which  should  represent 
the  viscosity  of  suspensoids  and  emulsoids,  respectively.  These  formulas, 
•  the  Einstein-Hatschek  formula  for  a  suspension  of  rigid  spheres  in  any 
liquid  in  terms  of  the  viscosity  of  the  pure  liquid,  and  a  second  formula 
deduced  by  Hatschek  for  the  variation  in  the  viscosity  of  the  emulsoids, 
differ  in  that  in  the  latter,  there  is  taken  into  consideration  the  fact  that 
in  emulsoids  the  dispersed  phase  consists  of  a  deformable  aggregate 
formed  by  the  dispersed  substance  in  association  with  a  large  and  varying 
proportion  of  the  dispersion  medium.    This  formula,  which  has  received 

1  Biochem.  Z.t  11,  311  (1908),  and  Diss.,  Zurich,  1907. 

1  Trans.  Faraday  Soc,  9,  34  (19 13). 
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a  considerable  amount  of  experimental  verification  expresses  that,  if  the 
viscosity  of  the  system  increased,  the  ratio  of  the  total  volume  to  the 
volume  of  the  dispersed  phase  becomes  larger;  hence  an  increase  in  the 
association  of  the  dispersed  phase  with  the  dispersion  medium,  generally 
called  swelling,  is  indicated  by  an  increase  in  the  viscosity. 

The  influence  of  electrolyte  addition  to  gelatin  solutions  were  studied 
and  demonstrated  in  a  set  of  curves  by  P.  von.  Schroeder.1  His  curves 
show  that  the  sulfates  in  general  cause  an  increase  in  the  viscosity,  but  that 
the  chlorides  and  nitrates  of  the  alkali  metals  decrease  the  viscosity  of  a 
gelatin  solution.  The  addition  of  sulfates,  however,  were  carried  only  to 
0.5  TV  concentration  and  the  viscosity  determinations  were  made  one 
hour  after  the  mixing  of  the  solutions. 

In  the  series  of  solution  upon  which  the  experiments  herein  reported 
are  made,  the  concentration  of  the  salt  added  was  increased  to  normal 
concentration.  Also  the  determinations  of  the  viscosities  were  made 
after  different  intervals  of  time  and  these  differences  in  the  procedure 
gave  interesting  results  that  were  not  brought  out  by  Schroeder. 

For  the  determination  of  the  viscosity  of  the  series  of  gelatin  solutions 
with  increasing  additions  of  zinc  sulfate  a  viscosimeter  as  described  by 
Ostwald*  was  employed.  The  temperature  of  the  bath  in  the  thermostat 
was,  as  in  all  other  cases,  very  near  25  °.  The  time  of  outflow  and  the  rela- 
tive viscosity,  taking  the  viscosity  of  pure  water  at  25  °  as  unity,  are  given 
in  Table  V.    These  results  are  also  plotted  in  Fig.  1 ,  Curve  5,  which  shows 

Table  V. — Changes  of  Viscosity  op  1%  Gelatin  Solutions  with  Increasing 
Concentrations  of  Zinc  Sulfate. 

Solution  ZnSO<  Cone,  of  Shortly  Standing         Standing        Standing 

No.  added  molar.        free  Ions. a   after  mixing.      24  hours.        48  hours.        96  hours. 

l%GeI 2.38  2.44  2.52  2.46 

2 0.005  O.OO35  2.39  ....  2.8o  2.78 

3 O.OI  O.O063  2.41  2.70  3.07  2.95 

4 O.025  O.O142  2.43  2.90  3.50  3.40 

5 0.05  0.0234  2.48  3.16  3.77  3.68 

6 0.075  0.0326  2.50  3.30  3.86  3.80 

7 0.10  0.0397  2.53  3  37  400  3  95 

8 0.25  0.0803  2.60  3.55  4  20  4.12 

9 0.50  0.141  2.75  3  45  4io  4IO 

10 0.75  0.185  3.00  3.25  3.77  3.68 

•  Loc.  tit. 

that  the  viscosity  and  consequently  the  degree  of  hydration  are  decreased 
when  the  additions  of  zinc  sulfate  approach  the  point  where  precipitation 
begins,  i.  e.,  at  concentrations  higher  than  0.5  N.  The  plot  of  the  data 
obtained,  after  different  lengths  of  time  of  standing  of  the  solutions  after 
mixing,  brings  out  the  fact  that  the  shape  of  the  curve  changes  consid- 

1  Z.  physik.  Ghent. ,  45,  75  (1903). 

*  "Phys.  Chera.  Mess.,"  p.  232,  3rd  Ed. 
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erably  with  the  time.  Thus  from  an  upward  bent  curve  obtained  imme- 
diately after  the  mixing  of  the  solutions,  this  curve  changes  to  a  down- 
ward-bending curve  upon  standing  for  24  and  48  hours.  There  is  also  a 
considerable  increase  in  the  viscosity  of  the  various  solutions  except  in 
those  which  have  the  larger  additions  of  the  zinc  sulfate.  The  results 
obtained  96  hours  after  the  mixing  of  the  solutions  are  practically  identical 
with  the  48-hours  results. 

These  facts  plainly  indicate  that  during  that  time  of  standing  there 
was  going  on  a  readjustment  of  the  equilibrium  of  hydration  or  swelling 
of  the  gelatin  particles  in  the  solutions.  This  fact  is  also  made  more 
probable  by  the  increasing  clarification  of  the  solutions  upon  standing 
in  the  center  region  of  the  series.  These  differences  in  clearness  and  tur- 
bidity of  the  solutions  were  hardly  visible  immediately  after  the  mixing 
of  the  solutions  but  were  most  distinct  after  about  48  hours  standing. 

The  results  revealed  by  viscosity  determinations  show  that  there  is  a 
maximum  of  hydration  or  swelling  of  the  gelatin  particles  in  the  region 
of  the  series  corresponding  to  the  addition  of  about  0.28  molar  zinc  sul- 
fate to  1%  gelatin  solution. 

The  Swelling  of  Gelatin  as  Influenced  by  Increasing  Concentrations 

of  Electrolyte. 

Closely  following  the  viscosity  measurements  should  be  cited  experi- 
ments which  show  how  much  dry  pieces  of  gelatin  swell  when  submerged 
in  solutions  of  zinc  sulfate  in  concentrations  as  used  throughout  this  in- 
vestigation. If  viscosity  measurements  indicate  the  extent  of  swelling 
of  the  gelatin  particles  in  the  solutions,  in  other  words,  if  the  assumptions 
upon  which  the  2  viscosity  formulas  are  based  are  correct,  then  we  should 
expect  the  experiments  on  swelling  to  give  results  that  are  similar  to  those 
obtained  by  viscosity  measurements. 

The  relative  amounts  of  water  adsorbed  by  dry  pieces  of  gelatin  when 
placed  for  identical  lengths  of  time1  into  zinc  sulfate  solutions  were  de- 
termined by  cutting  from  one  sheet  of  gelatin  equal  pieces  and  making 
their  weights  as  nearly  equal  as  possible;  these  sheets  were  placed  into 
the  previously  prepared  solutions,  which  were  kept  in  the  thermostat 
until  their  temperature  was  25  °.  After  remaining  in  these  solutions  for 
exactly  10  minutes  the  pieces  of  gelatin  were  removed,  blotted  between 
hard  pieces  of  filter  paper  and  weighed.  The  increases  in  weight  obtained 
are  recorded  in  Table  VI  and  the  results  are  plotted  in  Fig.  I,  Curve  6, 
as  usual  against  the  concentrations  of  the  solutions  into  which  the  gelatin 
foils  were  placed. 

1  The  correct  length  of  time  to  produce  the  full  amount  of  swelling  was  determined 
by  experiment,  so  that  the  results  given  are  not  proportional  to  swelling  velocities 
but  to  the  maximum  extent  of  swelling  in  the  solutions. 
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Table  VI.— Wbight  of  Water  Adsorbed  by  Pieces  op  Dry  Gelatin  Placed  into 
Solutions  op  Zinc  Sulfate  of  Increasing  Concentrations. 

Z0SO4  Increase  in  weight. 

Solution  No.  added  molar.  Cone  of  free  ions.*  G. 

Water 0.346 

2 0.005  0.0035  0.350 

3 0.01  po.0063  0.362 

4 0.025  0.0142  0.388 

5 0.05  0.0234  0.41 1 

6 0.075  0.0326  0.425 

7 0.10  0.0397  0.438 

8 0.25  0.0803  0.443 

9 0.50  0.141  0.400 

10 0.75  0.185  0.331 

11 1 .00  0.229  0.254 

•  Loc.  tit. 

The  curve  obtained  is  strikingly  similar  to  the  curve  obtained  by  vis- 
cosity measurements.  The  last  point  corresponding  to  molar  concentra- 
tion of  zinc  sulfate  shows  that  there  was  less  water  adsorbed  from  this 
solution  than  from  the  pure  solvent  without  the  addition  of  zinc  sulfate. 
From  this  fact  it  can  be  inferred  that  the  precipitation  of  gelatin  from  its 
solution  by  strong  solutions  of  salts,  especially  of  polyvalent  salts,  is  due 
to  dehydration  of  the  gelatin  particles,  osmotic  withdrawal  of  solvent  from 
the  gelatin  particles  beyond  the  point  to  which  they  normally  hydrate  in 
the  pure  solvent. 

Summary  of  Conclusions  from  the  Experimental  Work. 

The  arrangement  of  the  curves  on  page  2148  shows  the  results  of  the 
various  experimental  series  and  the  various  changes  taking  place  when 
increasing  concentrations  of  electrolyte  are  added  to  uniform  solutions 
of  gelatin.  Considering  the  sign  of  the  electrical  charge  of  the  colloidal 
particles,  these  curves  can  be  divided  into  3  vertical  columns.  A  vertical 
line  at  concentration  0.28  of  the  electrolyte  added  indicates  the  condition 
when  the  colloidal  particles  are  neutral  and  possess  no  charge.  To  the 
left  of  this  line,  when  smaller  concentrations  of  electrolyte  were  added, 
the  colloidal  particles  are  positively  charged;  to  the  right  of  the  line,  when 
larger  than  0.28  concentration  are  added,  the  colloidal  particles  are  nega- 
tively charged. 

A — In  the  zone  corresponding  to  small  additions  of  electrolyte. 

(1)  The  migration  velocity  of  the  anions  is  zero  and  the  velocity  of  the 
cations  is  unity,  so  that  in  electrolysis  the  cations  alone  seem  to  carry 
the  current  across  the  electrolyte. 

(2)  The  anions  alone  are  adsorbed,  and  only  near  the  point  where  the 
colloid  is  neutral,  are  a  small  quantity  of  cations  adsorbed  by  the  colloid. 

(3)  The  colloidal  particles  migrate  to  the  negative  pole,  which  indicates 
that  they  are  positively  charged. 


Digitized  by 


Google 


2l6o  ROGER   C.   WELLS. 

(4)  The  viscosity  or  internal  friction  increases  as  the  charge  of  the  parti- 
cles approaches  the  zero  point. 

(5)  The  rate  of  swelling  of  gelatin  increases  as  the  concentration  of  elec- 
trolyte approaches  0.28  molar. 

B — In  the  zone  when  the  concentration  of  electrolyte  added  is  0.28 
molar. 

(1)  The  migration  velocity  of  the  anions  is  zero  and  that  of  the  cations 
is  exactly  unity;  The  electrolytic  deposit  on  the  cathode  is  smooth  and 
pure. 

(2)  The  anions  and  the  cations  ars  being  adsorbed  by  the  colloid  in 
proportion  to  their  mobilities;  as  the  anions  generally  migrate  faster  than 
the  cations  there  is  adsorption  of  a  larger  quantity  of  anions  than  cations. 

(3)  The  velocity  of  motion  of  the  colloidal  particles  in  the  electro- 
static field  is  zero. 

(4)  The  viscosity  of  internal  friction  is  a  maximum. 

(5)  The  rate  of  swelling  of  gelatin  is  a  maximum. 

C — In  the  zone  when  larger  additions  of  electrolyte  are  made. 

(1)  The  migration  velocity  of  the  anions  is  increased  as  the  electrolyte 
additions  are  increased  and  the  velocity  of  the  cations  is  decreased  in  the 
same  proportion. 

(2)  The  adsorption  of  positive  and  negative  ions  continues  until  the 
particles  assume  a  negative  charge  when  the  cations  are  then  being  ad- 
sorbed in  larger  proportions. 

(3)  The  particles  migrate  to  the  anode  hence  are  negatively  charged. 

(4)  The  viscosity  of  the  solutions  gradually  decreases  as  the  charge 
of  the  particles  increases. 

(5)  The  rate  of  swelling  of  gelatin  decreases  as  the  concentration  of 
the  electrolyte  added  increases.  At  molar  concentration  of  zinc  sulfate 
gelatin  is  precipitated. 

Wappi.br  Elsctkic  Co. 
Long  Island  City,  N.  Y. 


THE  SALT  ERROR  OF  CRESOL  RED.1 

By  Roger  C.  Wells. 

Received  May  25,  1920. 

In  the  course  of  a  study  of  the  water  of  Chesapeake  Bay  now  being 
made  by  the  U.  S.  Geological  Survey  in  cooperation  with  the  U.  S.  Bureau 
of  Fisheries,  it  was  desired  to  determine  the  hydrogen  ion  concentration 
of  the  water  taken  directly  from  the  bay  at  various  points,  and  for  this 
purpose  it  was  decided  to  use  the  colorimetric  method  involving  com- 
parison with  standard  tubes.  As  the  salinity  of  the  water  of  the  bay  is 
considerably  lower  than  that  of  sea  water  it  appeared  necessary  to  make 
new  determinations  of  the  salt  error  of  the  indicator,  cresol  red,  for  the 
1  Published  by  permission  of  the  Director,  United  States  Geological  Survey. 
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salinities  in  question  and  at  values  ranging  around  7  8  for  Ph.  Similar 
studies  have  previously  been  made  for  several  indicators.1  As  is  well 
known,  the  presence  of  much  salt  affects  the  color  of  most  indicators  to 
a  certain  extent,  so  that  in  making  comparisons  allowance  should  be  made 
for  the  amounts  of  salt  in  the  standard  and  the  unknown.  The  results 
obtained  in  the  present  study  show  that  with  the  buffer  mixtures  used — 
boric  acid  and  sodium  borate — there  is  a  considerable  difference  in  the 
PH  values  for  mixtures  having  the  same  color  in  the  presence  and  absence 
of  salts  such  as  sodium  chloride,  this  difference  depending  on  the  concen- 
tration of  salt  and  also  slightly  on  the  concentration  of  buffer. 

A  short  description  of  apparatus  and  methods  will  first  be  given. 

Solutions. — Cresol  red,  or  0-cresol-sulfone-phthalein,  is  one  of  the 
indicators  recommended  by  Lubs  and  Clark1  for  the  range  PH+  =  6.50 
to  8.50.  The  material  used  was  obtained  from  Hynson,  Westcott  & 
Dunning,  Baltimore.  It  was  made  up  one  part  to  a  thousand  of  50% 
alcohol. 

The  buffer  solutions  of  boric  acid  and  borax  were  made  up  15  g.  to  a 
liter  and  led  to  burets  protected  by  soda-lime  tubes.  No  precautions 
were  taken  to  purify  these  substances,  except  to  filter  the  solutions,  as 
it  was  considered  better  to  determine  the  J?H  value  of  certain  mixtures 
than  to  rely  on  solutions  of  definite  content. 

Practically  all  of  the  experiments  on  the  salt  error  were  made  with  sea- 
salts  which  were  added  in  the  form  of  a  concentrated  sea  water 
containing  107 .3  g.  per  liter.    It  was  later  found,  however,  that 
sodium  chloride  gave  practically  the  same  results,  weight  for 
weight. 

Potassium  chloride  solution  for  the  0.1JV  calomel  electrode  was 
saturated  with  calomel  by  shaking  it  in  the  thermostat  at  25  °. 

Apparatus. — The  indicator  solution  was  taken  in  0.30  cc.  por- 
tions and  made  up  to  a  volume  of  30  cc.  for  each  experiment. 
It  was  measured  in  the  graduated  2  cc.  buret  shown  in  Fig.  1. 

The  calomel  electrodes  were  made  up  with  paste  prepared  by 
Hulett's  method.  Three  electrodes  gave  identical  values  after  a 
week's  standing. 

The  hydrogen  electrode  was  mounted  in  a  Clark  cell3  obtained 
from  A.  H.  Thomas  &  Co.    This  cell  could  be  shaken  as  long    p. 
as  desired  by  means  of  a  motor  and  an  eccentric  rotating  sup-Graduated 
port  constructed  in  the  laboratory.    The  various  cells  were  kept      2  cc. 
in  a  large  double-chambered  air  thermostat  fitted  with  observa- 

1  Prideaux,  "The  Theory  and  Use  of  Indicators,"  London,  1917,  p.  211.    See  also 
McClendon,  "The  Standardization  of  a  New  Colorimetric  Method  for  the  Determina- 
tion of  the  Hydrogen  Ion  Concentration  of  Sea-water,"  /.  Biol.  Chcm.,  30,  265  (1917). 
1  /.  Washington  Acad.  Sci.t  5,  609  (1915). 
1  /.  Biol.  Chem.,  23,  475  (1915). 
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tion  windows,  which  ran  continuously  at  25  °,  the  air  being  made  to  circu- 
late continuously  from  the  inner  to  the  outer  chamber  by  means  of  a 
small  Sirocco  fan.  Hydrogen,  made  from  zinc  and  hydrochloric  acid,  was 
passed  over  a  hot  tungsten  filament  and  through  a  tower  washed  with 
dil.  caustic  soda  solution. 

The  cadmium  cell  was  compared  with  one  at  the  Bureau  of  Standards. 
Two  Leeds  and  Northrup  resistance  boxes  were1  used  as  potentiometer 
by  maintaining  a  gradient  of  one  millivolt  per  ohm  through  1500.0  ohms 
by  means  of  an  auxiliary  resistance  box  and  storage  battery.  The  balance 
was  obtained  with  a  sensitive  galvanometer  which  was  read  by  means  of 
a  telescope  and  scale. 

Procedure. — Each  solution  investigated  was  first  brought  as  nearly  as 
possible  to  the  same  color  by  comparison  with  one  that  was  not  changed 
throughout  the  course  of  the  experiments.  This  was  done  by  altering 
the  proportions  of  boric  acid  and  borax.  The  solutions  were  eventually 
made  up  to  30  cc.  in  small  Erlenmeyer  flasks  by  adding  boric  add  and 
borax  solutions,  and  water,  keeping*  the  flasks  stoppered  as  much  as  possi- 
ble. When  the  matching  was  completed  a  portion  of  each  solution  was 
transferred  to  the  hydrogen-electrode  cell,  which  had  first  been  filled  with 
hydrogen  and  well  rinsed  with  the  solution.  After  shaking  for  15  minutes, 
the  gas  was  displaced  by  a  stream  of  fresh  hydrogen  for  2  minutes,  and 
then  the  shaking  continued  5  minutes  longer.  Fresh  contacts  with  4. 1  N 
potassium  chloride  solution  were  then  made  in  wide  tubes  with  the  solu- 
tions in  the  2  half-cells  and  the  e.  m.  f .  read  immediately.  The  e.  m.  f . 
usually  rose  slightly  on  standing  but  the  first  readings  were  used. 

Prom  the  e.  m.  f.  the  hydrogen  ion  concentration  was  calculated  by 
the  equation 

Pa  =  -log[H+]  -  £-°'3369. 

0.059I 

E  represents  the  e.  m.  f.  observed  corrected  to  represent  dry  hydro- 
gen at  25  °  and  760  mm.  pressure.  This  correction,  however,  ranged  only 
from  +0.3  to  +0.7  millivolt,  as  follows: 


rare  of  Ht. 

Correction. 

750 

+0.2 

740 

+0.4 

730 

+0.6 

720 

+0.8 

Discussion  of  Results. — The  results  are  shown  in  Table  I  and  Fig.  2. 
Expts.  ic  to  36,  inclusive,  were  made  with  only  buffer  present. 
They  show  that  as  the  quantity  of  buffer  is  increased  the  solution  be- 
comes slightly  more  acid.  The  effect  of  salt  is  similar,  but  a  given  weight 
of  salt,  or  sea  salts,  produces  a  much  more  acid  solution  than  the  same 
weight  of  buffer.    All  of  the  solutions  represent  the  same  color.    In 


Digitized  by 


Google 


THE  SALT  ERROR  o?  CRESOL  RED. 


2163 


other  words,  the  color  of  cresol  red  cannot  be  ascribed  entirely  to  the 
hydrogen  ion  concentration,  although  tnat  is  the  principal  factor. 

Tabus  I. 

Solutions  Made  up  to  30  cc.  to  have  same  color  with  cresol  red.     Pn  from  e.  m.  f. 

Measurements  with  hydrogen  and  0.1  N  calomel  electrodes  at  25°  C. 


Expt. 

ieV 

id.. 

ie.. 

ieaT 

if.. 

2... 

aa.. 

3... 

3a.. 

3b.. 

4-. 

4*.. 

4b.. 

$... 

6a.. 

8... 

8a.. 

9... 
10... 
106.. 
11... 
12... 


Boric  add 

solution. 

Cc. 

.     O.I8 

.      O.32 

-      O.43 

O.50 
.  O.88 
.  1.35 
.  I.80 
.     3  02 

6.00 
..1990 
•     o-57 

0.30 
.  1.70 
.     1. 31 

1.20 
.  0.54 
.  0.62 
.  0.55 
.     1.70 

1. 10 
.     0.48 

6.50 


13 10.13 


18. 

19. 
20. 
21. 
22. 
23. 
24b 

25. 


0.55 

104 

104 

1.60 

0.48 

0.76 

10.00 

0.47 

26 15.00 

27 10.00 

28* 10.13 


Borax 

solution. 
Cc. 

O.08 

0.13 

O.20 

0.20 

O.30 

055 
O.63 
•  I.20 
2.32 
12.80 
0.20 
O.18 
O.70 
O.51 
O.40 
0.2I 
O.20 
O.18 
O.62 
O.30 
O.18 
O.20 
487 
O.21 
O.30 
O.30 
O.52 
O.28 
O.13 
5.00 
O.20 
9.92 
530 
4.87 


Salt 

solution. 

Cc. 

None 

None 

None 

None 

None 

None 

None 

None 

None 

None 

0.10 

0.20 

0.10 

0.20 

0.40 

0.41 

0.56 

1. 12 

1.68 

2.00 

330 

503 

7.83 

783 

9.23 

11.40 

11.46 

20.98 

28.81 

503 

5  03 

503 

754 
7.82 


Buffer. 
g/1. 

O.13 
O.23 
O.32 
035 
0.39 
O.95 
1. 21 
2.11 
4-17 
16.3O 
O.28 

0.34 
I.20 
l.OI 
O.80 
O.38 
O.4I 
O.36 
1. 19 
O.7O 
0.33 
035 
750 
O.38 
O.67 
O.67 
I.06 
O.38 
045 
7.50 
0.34 
12.5 
7.67 
750 


Salt. 
1/1. 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
0.36 
0.72 
0.36 
0.71 
1-43 
1-47 
1.98 
400 
6.00 
7.18 
11. 8 
18.0 
28.0 
28.0 
33  © 
40.8 
41.0 
750 
103.2 
18.0 
18.0 
18.0 
27.0 
28.0 


E.  m.  f. 
of  cell. 

O.8159 

O.8276 

O.8241 

O.8094 
O.8243 
O.8237 
O.8232 
O.8237 
O.8207 
O.8152 
O.8161 
O.8119 
O.8194 
O.8169 
O.8146 
O.8113 
O.8087 
O.8060 
O.8065 
O.8048 
O.8019 
O.8003 
O.8007 
O.7980 
0.7985 
O.7988 

O.7964 
0.7933 
O.7897 
O.8059 
O.8018 
O.8063 
O.8036 
O.8007 


Pn. 

8.10 

8.30 

8.24 

799 

8.25 

8.24 

8.23 

8.24 

8.18 

8.09 

8.11 

8.04 

8.16 

8.12 

8.08 

8.03 

799 

794 

794 

792 

787 

7.84 

7.85 

7.80 

7.81 

7.81 

7.78 

7.72 

767 

794 

7.88 

794 
7.89 
785 


•  Probably  affected  by  COi  and  not  shown  in  Fig.  2. 

•  New  standard  color. 

•  Last  standard  color. 

It  is  somewhat  difficult  to  determine  the  salt  effect  at  low  concentra- 
tions on  account  of  the  necessity  of  having  some  buffer  present  to  main- 
tain a  stable  PH  value.  But  the  total  effect  is  not  additive,  as  the  pres- 
ence of  buffer  with  salt  nullifies  the  effect  of  the  salt  to  a  certain  extent. 
Several  experiments  (*.  g.t  Nos.  4,  4a,  46,  5,  25,  26)  were  made  to  deter- 
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mine  what  allowance  should  be  made  for  the  action  of  the  buffer  on  the 
salt  but  the  effect  appeared  to  be  <5nly  about  0.07  in  the  PH  value  for  the 
extreme  cases,  so  that  no  corrections  seemed  necessary  when,  as  in  most 
of  the  experiments*  the  weight  of  salt  used  was  greatly  in  excess  of  the 
weight  of  buffer. 

Fig.  2  is  based  on  the  weights  of  salt  without  any  correction  for  the  weight 
of  buffer,  for  all  experiments  in  which  the  weight  of  buffer  was  small  in 
comparison  with  the  weight  of  salt.  The  PH  values  are  plotted  against 
log2  5,  5  being  the  salinity  in  g.  per  liter  of  sea  salts  (or  buffer).  The  loga- 
rithm to  base  2  was  chosen  in  order  to  give  the  various  concentrations 
more  nearly  equal  importance  in  the  figure. 

Salinity,  S,  grams  per  liter. 
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Fig.  2. — Salt  effect  at  constant  color. 

Several  e.  m.  f.  determinations  were  made  using  half-saturated  potas- 
sium chloride  as  connecting  solution,  in  order  to  extrapolate  according  to 
Bjerrum's  method,  but  the  differences  found  between  those  obtained 
with  saturated  potassium  chloride  were  too  small  to  be  worth  considering. 

Applications. — The  principal  object  of  the  study  was  to  prepare  tubes 
of  standard  PH  value.  When  small  amounts  of  buffer  are  used  the  solu- 
tions are  quickly  affected  by  carbon  dioxide  of  the  air  or  by  glass  of  the 
containing  vessels.  It  is  therefore  advisable  to  use  a  large  amount  of 
buffer  and  an  insoluble  glass.  Ampules  of  Pyrex  glass  that  can  be  closed 
by  sealing  have  been  found  serviceable.    For  the  work  in  hand  it  was  de- 
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tided  to  have  the  standard  tubes  require  no  correction  when  compared 
with  unknown  solutions  having  a  salinity  of  18  g.  per  liter  of  salt  and 
very  little  buffer,  but  as  the  standard  tubes  were  to  contain  0.225  g.  of 
buffer  in  30  cc.  or  7.5  g.  per  liter  the  quantity  of  salt  ip  each  standard 
tube  was  increased  to  1.26  g  in  order  to  counterbalance  the  increased 
amount  of  buffer,  this  being  the  quantity  of  salt  indicated  by  the  curve  of 
Fig.  2  to  make  a  lowering  of  0.07  in  the  PH  value  over  that  for  18  g.  of 
salt  per  liter  with  very  little  buffer  present.  Each  tube  was  therefore 
made  up  to  30  cc.  wi  Lh  water,  after  adding  o .  3  cc.  of  indicator  Solution,  1 5 
cc.  of  buffer  solutions,  and  1.26  g.  of  sodium  chloride.1  The  correction 
when  such  tubes  are  compared  with  waters  having  other  salinities  are 
given  in  Table  II. 

Table  II. 

Corrections  in  Using  Standard  Color  Tubes  Containing  0.3  cc.  of  Cresol  Red,  0.225  g. 

of  Buffer  and  1.26  g.  of  Salt  in  30  cc. 

Salinity  of  unknown  Correction  to  PH 

8- 


.  per  liter. 

marked  on  standard. 

0.2 

+O.27 

0.5 

+0.22 

1.0 

+O.19 

2.0 

+O.14 

SO 

+O.09 

IO. O 

+O.04 

I50 

-fo.oi 

18.O 

O 

20 

— O.OI 

25 

— O.O3 

30 

— 0.05 

35 

— O.06 

40 

— 0.07 

100 

—O.I5 

200 

— 0.2I 

In  making  comparisons  0.3  cc.  of  indicator  is  placed  in  a  tube  similar 
to  those  containing  the  standards  and  made  up  to  the  30  cc.  mark  with 
the  water  to  be  tested.  Different  lots  of  indicators  may  vary  so  much 
that  it  is  best  to  make  all  comparisons  with  the  same  indicator  solution 
as  used  in  the  standard  tubes.  When  the  matching  of  the  standard  and 
unknown  is  completed  the  value  marked  on  the  standard  is  recorded,  to 
be  corrected  eventually  for  the  salinity  of  the  sample  under  scrutiny. 

Before  making  up  the  standard  tubes  a  fewPH  determinations  are  made 
with  various  buffer  mixtures,  using  connecting  solutions  with  both 
standard  and  half-saturated  potassium  chloride  in  order  to  extrapolate 
if  necessary.  A  curve  is  then  constructed  so  that  a  mixture  of  any  de- 
sired Pu  value  within  range  of  the  buffer  solutions  can  quickly  be  pre- 
1  If  the  action  of  the  buffer  here  is  to  reduce  the  ionization  of  the  sodium  chloride 
it  seems  that  the  action  should  be  due  more  to  the  borax  than  to  the  boric  acid,  but  over 
tjie  small  range  of  Pp  investigated  this  was  not  definitely  proved. 
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pared.    Some  figures  obtained  in  standardizing    buffer    mixtures  are 

given  in  Table  III,  which  also  shows  the  variations  caused  by  different 

amounts  of  salt  while  the  quantity  of  buffer  remains  constant.  The  re- 
sults are  reproduced  in  Fig.  3. 

Table  III. — Salt  Effect  with  Total  Buffer  Constant. 

Sodium 

Water.           Boric  acid.           Borax.         chloride.0  Indicator. 

Expt.                                 Cc.                    Cc.                   Cc.                Cc.  Cc  P*. 

32 12.64              14.OO              I. OO              2.06  O.30  7.OO 

33 12.64             13.00             2.00             2.06  O.30  7-37 

31 12.64             12.00             3.00             2.06  O.30  7.59 

30 12.64               8.00             7.00             2.06  O.30  8.17 

34 12.64               6.00             9.00             2.06  O.30  8.38 

36 II. 51              12.00             3.00             3.19  O.30  7-54 

43 II. 51              10.20             4.80             3.19  O.30  7-83 

35 II. 51               900             6-00             3.19  O.30  8.01 

40 9.90             12.00             3.00             4.80  O.30  7-4$ 

41 900             10.50             4.50             4.80  O.30  7-72 

42 9.90               9.00             6.00             4.80  O.30  7.92 

•  Containing  0.2628  g.  per  cc. 
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Fig.  3.— HSalt  effect  with  buffer  constant. 
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It  is  possible  that  the  salt  effect  may  be  used  in  certain  cases  to  pro- 
duce definite  hydrogen  ion  concentrations  with  certain  buffers  where  the 
buffer  mixtures  alone  do  not  cover  the  PH  value  desired. 

Remarks. — A  few  difficulties  connected  with  the  work  here  described 
may  be  mentioned.  When  small  quantities  of  buffer  were  used  the  colors 
were  often  dimmed  by  the  action  of  carbon  dioxide  from  the  air  before  the 
e.  m.  f .  could  be  measured.  Moreover,  in  the  course  of  the  first  experi- 
ments, extending  over  about  3  weeks,  a  slow  drift  toward  the  acid  side  was 
detected  about  the  third  week  in  the  solution  serving  as  the  constant 
standard  color  for  comparison,  so  that  the  results  were  not  as  concord- 
ant as  they  might  have  been  and  were  therefore  discarded.  Whether  this 
was  caused  by  fading  of  the  indicator  in  the  solution  serving  as  standard 
color,  by  evaporation  of  the  stock  solution  of  indicator,  or  by  changes 
in  the  stock  buffer  solutions  could  not  be  ascertained.  It  may  have  been 
due  to  all  3  causes.  Fresh  color  standards  made  up  like  the  first  were 
slightly  redder  and  gave  slightly  higher  PH  values.  By  starting  with 
a  standard  having  a  given  PH  value,  however,  the  curves  shown  in  Fig. 
2  were  constructed  before  any  changes  could  be  detected.  Under  any 
circumstances  it  is  probably  advisable  to  keep  the  standard  tubes  in  the 
dark  when  not  in  use  in  order  to  avoid  the  bleaching  action  of  light.  It  is 
not  certain  that  the  indicator  suffers  no  change  over  long  intervals  but  it 
certainly  does  not  fade  out  entirely. 

It  may  be  noted  that  to  reproduce  definite  PK  values  the  dilution  of  a 
given  borate  buffer  mixture  must  be  controlled  as  well  as  the  proportions 
of  boric  acid  and  borax,  and  the  amount  of  salt. 

17.  S.  Geological  Survby, 
Washington,  D.  C. 
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THE   REACTION   BETWEEN   CHLORINE   AND   AMMONIA,   II.1 

By  William  A.  Noybs  and  A.  B.  Haw. 

Received  July  12,  1920. 

Some  years  ago  one  of  us,  working  with  A.  B.  Lyon,2  showed  that  a 
considerable  amount  of  nitrogen  trichloride  may  be  formed  by  the  action 
of  chlorine  on  a  dilute  solution  of  ammonia.  An  equation  representing 
a  somewhat  complicated  reaction  was  given  to  account  for  the  result 
obtained  and  in  the  discussion  it  was  suggested  that  in  this  reaction,  and 
probably  in  others  which  are  not  usually  considered  as  ionic,  molecules 
separate  into  positive  and  negative  parts  as  they  react. 
W.  C.  Bray  and  C.  T.  Dowell8  have  pointed  out  that  the  complicated, 

1  Abstract  of  a  thesis  submitted  to  the  University  of  Illinois  in  partial  fulfilment 
of  the  requirements  for  the  degree  of  Master  of  Science. 

1  Noyes  and  Lyon,  This  Journal,  23,  460  (1001). 

•  Bray  and  Dowell,  ibid.,  39,  907  (1917). 
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ninth  order  reaction  which  was  proposed  is  highly  improbable  and  demon- 
strated that  the  nitrogen  and  nitrogen  trichloride  formed  in  Lyon's  ex- 
periments were  formed  in  independent  reactions.  The  discovery  by 
Raschig1  that  chloroamine,  NHjCl,  is  formed  by  the  action  of  a  hypo- 
chlorite on  ammonia,  taken  with  the  experiments  described  in  this  and 
the  following  papers,  render  it  almost  certain  that  nitrogen  trichloride 
results  from  a  series  of  reactions  analogous,  in  part,  at  least,  to  those  which 
give  carbon  tetrachloride  from  methane. 

The  idea  that  there  are  positive  and  negative  parts,  either  actually 
or  potentially  present  in  molecules,  was  already  somewhat  current  in 
the  minds  of  chemists2  and  after  it  had  been  given,  quite  independently, 
an  electronic  interpretation  by  J.  J.  Thompson,8  it  has  been  an  important 
factor  in  many  discussions  which  have  appeared  in  our  literature.  The 
questions  involved  are  so  fundamental  that  it  seems  desirable  to  ac- 
cumulate new  experimental  evidence  with  regard  to  the  formation  and 
decomposition  of  nitrogen  trichloride,  a  compound  in  which  the  conduct 
of  the  chlorine  atoms  is  abnormal  and  such  as  to  indicate  that  the  atoms 
are  positive  in  character. 

So  far  as  we  are  aware,  all  observers  except  Bray  and  Dowell  and  our- 
selves have  prepared  nitrogen  trichloride  by  the  use  of  ammonium 
salts.  This  might  lead  to  the  conclusion  that  in  the  experiments  de- 
scribed in  our  first  paper  chlorine  acted  upon  the  ammonium  hydroxide 
in  the  solution  and  not  upon  ammonia.  We  have,  accordingly,  studied 
the  interaction  of  anhydrous  ammonia  and  anhydrous  chlorine  at  low 
temperatures.  We  have  tried  the  experiment  under  the  following  con- 
ditions: (1)  in  presence  of  carbon  tetrachloride  (11  experiments);  (2) 
in  presence  of  chloroform  (3  experiments);  (3)  in  presence  of  pentane  (2 
experiments);  (4)  without  any  solvent  (3  experiments). 

The  chlorine  and  ammonia  were  weighed  in  the  liquid  state  in  small 
sealed  bulbs.  The  chlorine  was  generated  by  dropping  cone,  hydro- 
chloric acid  on  potassium  permanganate.  It  was  passed  through  a  wash 
bottle  containing  water  and  through  2  wash-bottles  containing  cone, 
sulfuric  acid.  It  was  then  condensed  in  a  bulb  surrounded  with  carbon 
dioxide  snow  and  alcohol.  The  tube  connected  with  the  small  bulb  in 
which  the  chlorine  was  to  be  weighed  was  drawn  out  to  a  long,  fine  capil- 
lary which  was  bent  over  in  such  a  manner  that  the  end  could  be  dipped 
in  the  liquid  chlorine,  while  the  small  bulb  was  cooled  with  carbon  di- 
oxide snow  in  alcohol.  After  a  little  of  the  chlorine  had  been  drawn  over 
and  condensed,  the  bulb  was  removed  from  the  cooling  mixture  and  the 

1  Raschig,  Chem.  Ztg.t  31,  926  (1907). 

1  Van't  Hoff,  Z.  physik.  Chem.,  16,  411  (1895);  Stieglitz,  This  Journal.  23,  796 
(1901). 

*  Phil.  Mag.,  7,  237  (1904). 
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chlorine  in  it  was  allowed  to  evaporate  and  expel  the  air.  By  dipping 
the  bulb  into  the  cooling  mixture  a  second  time  it  was  filled  nearly  full 
with  liquid  chlorine.  The  capillary  tube  was  then  sealed,  and  the  bulb 
allowed  to  come  to  ordinary  temperature  for  weighing. 

Ammonia  was  prepared  by  warming  a  strong  aqueous  solution  of  the 
gas.  It  was  dried  by  passing  it  through  a  U-tube  surrounded  with  ice, 
through  a  tube  containing  soda-lime  and  another  containing  solid  caustic 
potash.  It  was  condensed  and  transferred  to  a  bulb  for  weighing  in  the 
same  manner  as  described  for  the  chlorine. 

Three  different  methods  of  bringing  the  chlorine  and  ammonia  together 
were  used.  In  the  first  experiments  (1-6)  a  bulb  having  a  capacity  of 
100  cc.  and  bearing  a  3-way  stopcock  was  filled  about  V*  full  with  carbon 
tetrachloride.  After  evacuating  till  the  liquid  boiled  and  the  air  was 
expelled  the  bulb  was  cooled  with  carbon  dioxide  and  alcohol  and  one 
of  the  bulbs  containing  a  weighed  amount  of  chlorine  and  which  had  been 
cooled  to  a  low  temperature  was  attached  to  the  tube  from  one  arm  of 
the  3-way  stopcock  and  the  chlorine  was  allowed  to  evaporate  and  con- 
dense in  the  carbon  tetrachloride.  The  weight  of  chlorine  used  was  de- 
termined by  weighing  the  sealed  bulb  before  it  was  cooled  and  opened, 
and  weighing  it  again  after  the  evaporation  of  the  chlorine.  After  re- 
moving the  bulb  which  had  contained  the  chlorine,  a  bulb  containing 
liquid  ammonia  was  put  in  its  place  and  the  ammonia  allowed  to  evap- 
orate into  the  bulb  containing  the  carbon  tetrachloride,  and  chlorine. 
Since  considerable  nitrogen  is  evolved  from  the  interaction  of  the  chlorine 
and  ammonia,  it  was  not  always  possible  to  introduce  all  of  the  ammonia, 
and  losses  sometimes  occurred,  causing  unsatisfactory  results  (Expts. 
2  and  6  in  the  table). 

After  the  gases  had  been  introduced,  the  bulb  was  connected  with  an 
exhausted  bulb  cooled  with  carbon  dioxide  and  alcohol  and  the  carbon 
tetrachloride  and  nitrogen  trichloride  were  distilled  over  and  condensed, 
the  original  bulb  containing  the  ammonium  chloride  which  was  formed 
being  finally  heated  to  70  °.  The  amount  of  nitrogen  trichloride  formed 
was  determined  by  shaking  the  distillate  with  sodium  sulfite  and  deter- 
mining the  amount  of  ammonia  formed  by  the  reduction  of  the  trichlor- 
ide.1 The  amount  of  ammonium  chloride  formed  was  found  in  some 
cases  by  weighing  the  reaction  bulb  after  the  removal  of  the  carbon  tetra- 
chloride and  in  other  cases  by  dissolving  the  ammonium  chloride  in  water 
and  determining  the  ammonia  and  chlorine  in  the  solution. 

The  second  form  of  apparatus  is  shown  in  Fig.  1.  The  chlorine  and 
ammonia  were  weighed  in  small  bulbs,  as  before;  these  were  attached  to 
the  stopcocks  A  and  B,  and,  while  they  were  still  cooled  with  carbon  di- 
oxide snow  and  alcohol,  the  apparatus  was  filled  with  oxygen,  the  U-tube 
1  Dowell  and  Bray,  This  Journal,  39,  898  (191 7). 
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C  was  cooled  with  carbon  dioxide  and  alcohol  and  a  strong  solution  of 
sodium  sulfite  was  placed  in  D.  In  one  experiment  with  this  apparatus 
(No.  n)  no  solvent  was  used,  but  glass  beads  were  placed  in  the  U-tube 
C.     In  other  experiments  chloroform,  carbon  tetrachloride  or  pentane 


>J  0»JT9«n  — -_» 


£*•    Burr«£t« 


No*  50* 


were  used  as  solvents.  The  chlorine  was  allowed  to  evaporate  and  con- 
dense in  the  U-tube  first,  and  then  the  ammonia.  The  nitrogen  formed 
in  the  reaction  was  carried  out  by  the  current  of  oxygen  and  was  deter- 
mined after  absorbing  the  oxygen  in  an  alkaline  solution  of  pyrogallol. 

After  the  reaction  had  taken  place  and  the  amount  of  nitrogen  formed 
had  been  determined,  the  contents  of  the  U-tube  in  C  was  transferred  to 
a  suitable  apparatus  and  distilled  under  diminished  pressure,  essentially 
as  in  the  first  method.  A  part  of  the  nitrogen  trichloride  was  found  in 
this  distillate  and  a  part  in  sodium  sulfite  solution  from  D.  The  ammonium 
chloride  forme*!  was  also  determined.  Expts.  7-12  were  carried  out  in 
this  manner. 

In  the  third  series  of  experiments  (13-19)  a  bomb  tube  about  40  cm. 
long  and  2  cm.  in  diameter  was  used.  This  was  drawn  out  to  a  capil- 
lary and  connected  to  a  stopcock  as  shown  in  Fig.  2.  The  tube  was  ex- 
hausted to  10  mm.  pressure  or  less  and  placed  in  a  long  Dewar  tube  and 
surrounded  with  solid  carbon  dioxide  and  alcohol.  A  weighed  ammonia 
bulb  was  connected  with  A  and  the  contents  allowed  to  distil  into  the 


Pig.  2. 

tube.  A  bulb  containing  carbon  tetrachloride  was  then  connected  at  A 
and  the  liquid  allowed  to  distil  into  the  tube,  which  was  held  at  an  angle 
of  1 50.  In  this  way,  the  tetrachloride  was  frozen  along  the  side  of  the 
tube  with  the  ammonia  disseminated  through  it.  The  chlorine  bulb  was 
then  attached  and  the  chlorine  was  allowed  to  evaporate  into  the  tube. 
The  tube  was  then  sealed  at  B,  and  placed  in  a  horizontal  position  to 
warm  up  overnight. 
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Some  of  the  earlier  experiments  of  this  series  were  carried  out  with  the 
tube  in  a  perpendicular  position,  the  carbon  tetrachloride  being  frozen 
on  top  of  the  ammonia.  It  was  found  with  this  arrangement  that  the 
gases  had  not  thoroughly  mixed,  the  ammonia  not  diffusing  up  through 
the  carbon  tetrachloride.  On  mixing  the  contents  of  the  tube  in  the 
morning  a  further  reaction  took  place  with  evolution  of  considerable  heat. 

In  the  morning,  in  those  experiments  (14  and  15)  in  which  a  rough 
estimate  of  the  amount  of  nitrogen  was  made,  a  rubber  tube  connected 
with  a  gas  buret  set  at  50  cc.  was  wired  to  the  capillary  tip  and  the  tip 
was  broken  within  the  rubber  tube,  while  the  tube  was  immersed  in 
ice-water.  By  taking  account  of  the  known  capacity  of  the  tube,  of  the 
rise  or  fall  of  the  water  in  the  buret  and  of  the  vapor  pressure  of  carbon 
tetrachloride  at  o°,  the  amount  of  nitrogen  was  calculated,  approximately. 
The  determination  of  nitrogen  was  only  a  rough  approximation  in  either 
series. 

The  tube  was  then  cut  off  and  the  carbon  tetrachloride  was  filtered 
through  a  Gooch  crucible  into  a  solution  of  sodium  sulfite.  The  various 
determinations  were  made  essentially  as  in  the  other  experiments. 

The  following  table,  for  ease  of  comparison,  the  quantities  involved  in 
the  experiments  have  been  recalculated  in  their  relation  to  4  mols  of  am- 
monia. The  actual  quantities  used  were  from  0.66  to  3 .67  g.  of  chlorine 
and  from  o.  17  to  0.94  g.  of  ammonia. 

Table  I. 
Results  Calculated  to  4  Mols  of  Ammonia. 


Bxpt. 
1... 
2... 
3... 
4... 

5 ... 

6... 

7... 

8... 

9... 
10... 
11... 
12... 
13... 
14... 
15... 
16... 
17... 
18... 
19... 


Form  of 
apparatus. 


Atoms 
CI. 


Solvent. 

CCI4  6.00 

CCU  6.08 

CCU  371 

CCU  6.14 

CCU  8.61 

CHCU  912 

2          CHCU  704 

2          CHCU  6.10 

2          Pentane  8.00 

2  .       Pentane  5.99 

2          None  6.51 

2  CCU  6.00 

3  CCU  536 
3  CCU  6.59 
3  CCU  5  23 
3  None  4.88 
3  None  6.36 
3  CCU  10.54 
3          CCU  3  28 

The  temperature  was  — 90  °  in  all  experiments  except  8  and  9, 
— 1800. 


Mols 
NH4CI. 

2.97 
1. 11 
4.06 
319 
328 
2.13 

2.97 
2.96 
2.48 
304 
2.42 
299 
2.99 
2.98 
2.98 

2-99 
2.98 
2.92 
2.99 


Mols 

NCla. 


Atoms 

N. 

I.27 


0.338 
O.I37 
O.141 

O.I34 


0.294 

O.406  O.603 

O.132  O.946 

O.156  I. Ol6 

O.246  O.837 

O.240  O.925 

0.333  O.911 

O.077 

O.070  O.826 

0.004  O.901 

0.013 

O.034 
O.165 

0.075 

in  which  it  was 
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An  examination  of  the  table  shows  that  the  results  obtained  by  the 
first  method  were  erratic  and  of  little  value  further  than  to  show  that 
considerable  quantities  of  nitrogen  trichloride  may  be  formed  by  the 
direct  interaction  of  chlorine  and  ammonia. 

In  the  second  series,  with  the  exception  of  Expts.  9  and  11,  the  ratio 
of  the  mols  of  ammonia  used  to  the  mols  of  ammonium  chloride  formed 
is  very  closely  4  to  3.  The  ratios  of  the  third  series  point  still  more  closely 
to  this  value.  These  results  indicate  very  clearly  that  the  course  of  the 
reaction  is  expressed  by  the  equation 

4NH3  +  3CI2  =  3NH4CI  +  NCI3. 

The  reaction  doubtless  occurs  in  steps  (see  the  following  paper)  which 
rapidly  succeed  each  other,  with  chloroamine,  NH2C1,  and  dichloro- 
amine,  NHC12,  as  intermediate  products. 

The  amounts  of  nitrogen  trichloride  formed  are  always  far  below  those 
theoretically  possible,  either  because  a  large  part  of  the  trichloride  formed 
decomposes  directly  into  nitrogen  and  chlorine  or  because  it  reacts  with 
some  of  the  ammonia 

NCI3  +  NH3  =  3HCI  +  Ni. 

Since  the  hydrochloric  acid  formed  would  combine  with  ammonia 
until  the  latter  was  exhausted,  neither  the  decomposition  of  the  trichloride 
or  its  interaction  with  ammonia  would  affect  the  ratio  between  the  mols 
of  ammonia  and  mols  of  ammonium  chloride  as  given  in  the  first  equation. 

The  fact  that  the  ratio  of  the  ammonia  to  the  ammonium  chloride 
is  very  nearly  independent  of  the  amount  of  chlorine  used  shows  that  the 
action  of  the  chlorine  is  almost  exclusively  upon  the  ammonia  and  not 
upon  the  ammonium  chloride.  In  Expt.  18,  where  a  large  excess  of 
chlorine  was  used,  there  is  a  little  indication  that  some  of  the  ammonium 
chloride  is  attacked,  but  not  much  weight  should  be  attached  to  the  sin- 
gle experiment.  Expt.  19  gives  some  indication  of  the  interaction  be- 
tween nitrogen  trichloride  and  ammonia,  suggested'  above,  since  the 
amount  of  nitrogen  trichloride  formed  is  much  less  than  in  the  preceding 
experiment,  where  an  excess  of  chlorine  was  used. 

Summary. 

1.  Anhydrous  ammonia  and  anhydrous  chlorine  react  to  form  nitrogen 
trichloride  and  ammonium  chloride. 

2.  A  considerable  part  of  the  trichloride  always  decomposes  into  chlor- 
ine and  nitrogen,  either  directly  or  by  interaction  between  the'  trichloride 
and  ammonia. 

3.  The  ratio  of  the  mols  of  chlorine  used  to  the  mols  of  ammonia  may 
be  varied  between  wide  limits  without  affecting,  appreciably,  the  ratio 
between  the  mols  of  ammonia  and  the  mols  of  ammonium  chloride.  This 
ratio  is  4  to  3. 
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4.  The  chlorine  reacts  primarily  with  the  ammonia.  It  reacts  only 
to  a  trifling  extent,  or  not  at  all,  with  the  solid  ammonium  chloride 
which  is  formed. 

Urban  a,  III. 


[Contribution  prom  the  Chemical  Laboratory  op  the  University  op  Illinois.] 

THE  REACTION  BETWEEN   CHLORINE  AND  AMMONIA.    HI. 

PROBABLE  FORMATION  OF  TRICHLORO- 

AMMONIUM  CHLORIDE. 

By  William  Albert  Noybs. 

Received  July  12,  1920. 

With  the  exception  of  the  experiments  described  in  the  preceding 
paper,  and  those  of  Bray  and  Dowell1  and  of  Noyes  and  Lyon,2  nitrogen 
trichloride  seems  always  to  have  been  prepared  by  the  action  of  chlorine;8 
a  hypochlorite,4  or  hypochlorous  acid,5  on  ammonium  chloride.  Even 
those  who  have  used  chlorine  have  considered  that  hypochlorous  acid  is 
at  first  formed  and  that  this  acid  then  reacts  with  the  ammonium  salt.6  The 
results  described  in  the  preceding  paper  demonstrate  that  nitrogen  tri- 
chloride may  be  prepared  by  the  direct  interaction  of  chlorine  and  am- 
monia, in  the  absence  of  water.  Experiments  to  be  described  in  this 
paper  show  that  nitrogen  trichloride  reacts  quantitatively  with  hydro- 
chloric acid,  in  the  absence  of  water,  giving  ammonium  chloride  and 
chlorine.  Also,  when  hydrogen  chloride  is  passed  into  a  solution  of 
nitrogen  trichloride  in  carbon  tetrachloride7  an  immediate  precipitation 
of  ammonium  chloride  is  caused. 

In  the  light  of  these  results  it  seems  clear  that  the  decomposition  of 
nitrogen  trichloride  by  hydrochloric  acid  is  not  an  hydrolysis,  under  the 
conditions  just  described. 

The  most  rational  explanation  of  the  formation  of  nitrogen  trichloride 
from  ammonium  chloride  seems  to  be  that  chlorine  adds  itself  to  ammonia, 
which  is  doubtless  present  in  small  amounts  from  the  dissociation  of  the 
ammonium  chloride  to  ammonia  and  hydrochloric  acid.    The  chloro- 

1  Bray  and  Dowell,  This  Journal,  39,  905  (191 7). 

*  Noyes  and  Lyon,  ibid.,  23,  460  (1901). 

*  Gattermann,  Ber.,  21,  751  (1888);  Hentschel,  ibid.,  30,  1792  (1897);  Chapman 
and  Vodden,  /.  Chetn.  Soc,  95,  141  (1909). 

4  Hentschel,  Ber.,  30,  1434  (1897). 

'Balard,  Ann.  chim.  phys.,  [2]  57,  258  (1894);  Hentschel,  Ber.,  30,  1792  (1897); 
Dowell  and  Bray,  This  Journal,  39,  896  (191 7).  Balard  speaks  of  using  other  ammo- 
nium salts  but  gives  no  details.     He  also  used  a  solution  of  ammonia. 

*  SeliwanofF,  Ber.,  27,  1012;  Chapman  and  Vodden,  loc.  cit. 

7  This  experiment  was  suggested  by  Professor  Washburn  in  a  conversation  in 
which  the  author  expressed  the  opinion  that  the  decomposition  of  nitrogen  trichloride 
by  cone,  hydrochloric  acid  is  not  an  hydrolysis. 


Digitized  by  VjOOQIC 


2174  WILLIAM  ALBERT  NOYBS. 

ammonium  chloride,  NH»C1+C1~\  formed  in  this  manner,  would  dissociate 
easily  into  chloro-amine,1  NH2C1,  and  hydrochloric  acid.  The  chloro- 
amine  would  then  add  another  mol  of  chlorine,  giving  dichloro-ammonium 
chloride,  NHjClj+Cl.""  A  repetition  of  the  dissociation  and  addition  and 
a  third  dissociation  would  give  nitrogen  trichloride. 

Seliwanoff,  Chapman  and  Vodden,  and  others,  have  shown,  qualita- 
tively, that  the  interaction  of  nitrogen  trichloride  and  hydrochloric  acid 
gives  ammonium  chloride  and  chlorine,  but  they  have  considered  the  de- 
composition as  primarily  an  hydrolysis  of  the  trichloride.  Seliwanoff 
states  that  the  trichloride  is  scarcely  affected  by  sulfuric  acid,  and  he  ex- 
plains the  different  effect  of  the  hydrochloric  acid  by  saying  that  the 
hypochlorous  acid  formed  by  the  hydrolysis  reacts  with  the  hydrochloric 
acid  to  give  free  chlorine.  He  fails  to  explain  why  the  free  chlorine  does 
not  react  with  the  ammonium  chloride  in  the  solution  to  give  nitrogen 
trichloride  again.  In  the  experiments  described  below,  it  was  shown  that 
by  shaking  a  solution  of  nitrogen  trichloride  with  cone,  hydrochloric  acid 
more  than  99%  of  the  nitrogen  of  the  trichloride  passed  into  the  aqueous 
phase,  as  ammonium  chloride.  On  shaking  a  similar  solution  with  sul- 
furic acid  (1  cc.  =  0.6  g.  of  H^S04)  only  a  trace  of  the  nitrogen  was  con- 
verted into  an  ammonium  salt. 

When  a  similar  solution  of  nitrogen  trichloride  was  shaken  with  a  sat- 
urated solution  of  salt  to  which  5%  by  volume  of  cone,  hydrochloric  acid 
was  added  only  a  very  small  amount  of  the  trichloride  was  converted  to 
ammonium  chloride. 

It  seems  difficult  to  explain  these  results  on  the  supposition  that  the 
decomposition  is  an  hydrolysis.1  They  are  easily  explained  on  the  basis 
that  nitrogen  trichloride  is,  in  reality,  trichloro-amine  and  that  a  mol  of 
chlorine  may  separate  into  one  positive  and  one  negative  chlorine  atom. 
On  this  supposition  nitrogen  trichloride  would  add  a  mol  of  hydrogen 
chloride  exactly  as  ammonia  does.  The  resulting  compound,  trichloro-am- 
monium  chloride,  NCla+H+Cl"  might  dissociate  either  by  loss  of  hydrogen 
chloride  or  by  loss  of  one  positive  and  one  negative  chlorine  atom  as  free 
chlorine.  The  dissociation  to  nitrogen  trichloride  and  hydrogen  chloride 
would  occur  in  the  presence  of  dil.  hydrochloric  acid,  or  of  the  acid  salt 
solution  or  of  sulfuric  acid  as  mentioned  in  the  last  paragraph,  just  as 

1  Raschig,  Chem.  Ztg.,  31,  926  (1907). 

1  Professor  Bray,  who  has  been  kind  enough  to  read  this  paper,  points  out  that 
the  possibility  of  hydrolysis,  as  a  rapid  reaction,  is  not  excluded  for  these  cases  when 
water  is  present.  In  the  presence  of  water  the  mechanism  of  the  reaction  may  be  dif- 
ferent from  that  of  the  reaction  in  the  absence  of  water.  In  the  light  of  the  experi- 
ment described  here,  he  does  not,  however,  take  the  ground  that  hydrolysis  is  the 
more  likely  mechanism  when  water  is  present.  Even  in  191 7  (Joe.  cit.,  p.  905,  footnote 
2)  he  stated  that  we  had  no  means  of  deciding.  He  further  states  that  the  new  results 
of  this  paper  greatly  weaken  the  case  for  hydrolysis. 
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some  organic  amines  form  salts  only  in  the  presence  of  concentrated  adds. 
In  the  presence  of  cone,  hydrochloric  acid,  however,  the  tendency  would 
be  to  dissociate  to  dichloro-amine,  NHCU,  and  free  chlorine  and  a  repeti- 
tion of  this  process  would  give  ammonium  chloride  and  chlorine  as  the 
end-products. 

It  seems  probable  that  the  action  of  hypochlorous  acid  on  ammonium 
salts  is  similar  to  that  of  chlorine,  as  explained  above.  Hypochlorous 
acid  would  add  itself  to  ammonia,  giving  chloro-ammonium  hydroxide, 
NH»Cl+OH",  exactly  as  it  adds  to  ethylene  to  give  ethylene  chlorohydrin, 
CHjCl.CHjOH.  Chloro-ammoniiun  hydroxide  would,  of  course,  disso- 
ciate to  chloro-amine,  NH2C1,  and  water,  and  repetitions  of  the  process 
would  give  nitrogen  trichloride. 

Action  of  Chlorine  on  Ammonium  Salts. — The  experiments  reported 
in  the  f olUowing  table  were  carried  out,  partly  by  shaking  a  solution  of 
chlorine  in  carbon 'tetrachloride,  of  known  concentration,  with  solutions  of 
ammonium  salts  (Expts.  1-16)  and  partly  by  passing  chlorine  into  a  layer 
of  carbon  tetrachloride  beneath  a  solution  of  an  ammonium  salt.  The 
solutions  were  shaken  from  one  to  five  minutes  in  most  cases,  equilibrium 
being  reached  rather  quickly.  The  nitrogen  and  total  chlorine  were  de- 
termined in  the  carbon  tetrachloride  solution  in  most  cases,  by  reduction 
with  sodium  sulfite,  as  described  by  Bray  and  Dowell.1  In  some  of  the 
later  experiments,  however,  the  nitrogen  of  the  chlorides  of  nitrogen  was 
determined  by  shaking  the  carbon  tetrachloride  solution  with  about  an 
equal  volume  of  cone,  hydrochloric  acid.  This  method  gives  a  prac- 
tically quantitative  conversion  of  the  chlorides  of  nitrogen  to  ammonium 
chloride  with  less  danger  of  loss  of  nitrogen  than  when  sodium  sulfite  is 
used.  In  a  number  of  cases  higher  results  were  found  with  the  use  of 
hydrochloric  acid  than  with  the  use  of  sodium  sulfite.  This  may  be  par- 
ticularly true  when  chloro-amine  or  dichloro-amine  is  present,  but  that  has 
not  been  fully  demonstrated. 

In  every  case  where  the  aqueous  solution  was  examined  at  once  after 
separating  it  from  the  carbon  tetrachloride  it  was  found  to  contain  some 
substance  which  would  liberate  iodine  from  potassium  iodide.  The 
amount  of  iodine  liberated  was  determined  by  titration  with  sodium  thio- 
sulfate  and  the  results  calculated  on  the  supposition  that  the  oxidizing 
compound  was  chloro-amine,  NH2C1.  As  yet  it  has  not  been  shown, 
however,  whether  the  compound  present  was  chloro-amine,  dichloro- 
amine  or  nitrogen  trichloride. 

In  the  table  which  follows,  the  results  are  calculated  on  the  basis  of 
the  mols  of  ammonium  (NH4)  reacting  with  6  atoms  of  chlorine.    It 
gives  the  number  of  mols  of  each  product  formed,  also  the  ratio  of  chlorine 
to  nitrogen  in  the  carbon  tetrachloride  solution. 
>  Loe.  cit. 
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Table  I. 

Results  Calculated  to  6  Atoms  of  Chlorine. 

ATolar      Atomic  Mols       Atoms  C1:N 

cone.  cone.        Mols         Mols      NH4  re-        N  Mols        in  CCI« 

Expt.  NH4.  CI.  NH4.         NCli.     covered,      lost.       NHiCl.     solution. 

i  NH4CI 1.0  0.46  0.79  0.35  0.41  0.04  II. 9 

2  NH4CI O.I  O.59  O.98  O.74  O.09  O.07  O.08  5.8 

3  NH4CI 0.1  0.59  1.96  0.71  0.84  0.37  0.04  5.1 

4  NH4CI 1.0  0.59  1.56  0.14  1.24  0.17  33.5 

5  NH4CI 0.1  0.35  1.03  0.81  0.19  0.01  0.03  3.88 

6  NH4CI 0.1  1.09  0.95  0.59  0.25  0.03  0.08  5.96 

7  NH4CI 0.1  0.45  1.03  0.52  0.33  0.11  0.06  7.03 

8  NH4CI 0.1  0.77  0.97  0.79  0.03  0.11  0.05  4.09 

9  NH4CI 0.03  0.56  0.98  0.79  0.02  0.09  0.09  3.84 

10  NH4CI 0.1        0.56      3.06      0.94      2.04  0.08        2.97 

11  NH4OH 0.1        0.27      1. 00      0.66      0.23      0.11      0.01        3.93 

12  NH4PO4 O.I  O.3I         2.8o        O.92  I.96  ..  O.06  2.74 

13  NH4PO4 0.1  0.58  2.92  0.98  1.72  0.15  0.09  2.52 

14  NH4PO4 0.1  0.74  1.05  0.94  0.10  0.01  ..  3.92 

15  NH4PO4 0.1  0.73  0.93  0.70  0.05  0.17  ..  6.00 

16  (NH4)*SC>4...  2.0  4.0  3.0  0.94  1.90  0.15  0.01  3.06 

17  (NH4)*SC>4...  0.2  0.32  3.6  0.85  2.50  0.16  0.09  3.13 

18  NH4CI 2.0  1.60  3.3  0.78  2.18  0.24  0.10  3.70 

19  (NH4)2S04...  2.0  3.21  3.32  1.02  2.19  0.11  0.01  2.82 

20  (NH4)2SC>4...  0.1  1. 61  2.86  0.90  1.73  0.05  0.18  3.06 

21  (NH4)2S04...  2.0  8.4  0.87  7.22  0.26  0.05  3.55 

22  (NH4)*S04...  2.0  8.4  0.92  7.17  0.26  0.05  3.21 

23  (NH4)iSC>4...  2.0  7  43  0.87  6.21  9.29  0.05  3.51 

These  results  seem  to  justify  the  following  conclusions. 

When  a  normal  solution  of  ammonium  chloride  is  treated  with  6  atoms 
of  chlorine  for  one  mol  of  ammonium,  the  hydrochloric  acid  formed  be- 
comes so  concentrated  as  to  interfere  seriously  with  the  formation  of 
nitrogen  trichloride  (Expts.  1  and  4).  For  the  theoretical  reaction  the 
hydrochloric  acid  would  become  4  N. 

With  a  o.  1  N  solution  of  ammonium  chloride  the  per  cent,  of  nitrogen 
trichloride  formed  is  much  larger. 

In  all  cases,  an  appreciable  amount  of  a  chloro-amine  remains  in  the 
aqueous  solutiou.  In  proportion  to  the  chlorine  used  this  is  much  larger 
in  the  dilute  solution. 

Solutions  of  sodium  ammonium  phosphate  and  of  ammonium  sulfate 
give  a  larger  per  cent,  of  nitrogen  trichloride,  in  proportion  to  the  chlorine 
used,  than  solutions  of  ammonium  chloride  do.  This  is  evidently  because 
the  resulting  solutions  contain  a  lower  concentration  of  hydrochloric 
acid. 

In  Expts.  13,  14  and  20  the  ratio  of  nitrogen  to  chlorine  is  considerably 
below  3  to  1  in  the  carbon  tetrachloride  solution.  Gatterm^nn1  and 
*  Gattermann,  Ber.,  21,  751  (1888). 
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Hentschel1  have  reported  similar  ratios  when  nitrogen  trichloride  is  pre- 
pared by  the  action  of  chlorine  on  ammonium  chloride.  The  experi- 
ments of  Hentschel2  and  of  Dowell  and  Bray8  indicate  that  the  conversion 
to  the  trichloride  is  complete  when  hydrochlorous  acid  is  used.  The  low 
ratio  must,  of  course,  be  due  to  the  presence  of  some  chloro-amine,  NH2CI, 
or  dichloro-amine,  NHC1*.  The  explanation  of  the  formation  of  the 
chloro-amines  and  nitrogen  trichloride  as  due  to  the  addition  of  chlorine 
to  ammonia  and  splitting  off  of  hydrogen  chloride  in  the  one  case  and 
to  the  addition  of  hypochlorous  acid  and  splitting  off  of  water  in  the  other 
agrees  excellently  with  these  results.    In  the  2  equilibria, 

NH,C1+C1-  ^  NH*C1  +  HC1, 
and 

NrfcCl+OH-  ^  NH,C1  +  HOH, 
it  is  evident  that  the  equilibrium  would  be  much  farther  toward  the  forma- 
tion of  the  chloro-amine  in  the  second  case  than  in  the  first.  Whether 
the  substance  present  in  the  carbon  tetrachloride  solution,  or  in  the  aqueous 
solution,  is  chloro-amine,  dichloro-amine,  nitrogen  trichloride,  or  a  mix- 
ture, when  chlorine  is  used,  has  not  been  determined.  Experiments  on 
this  point  will  be  undertaken  later. 

There  is  usually  a  considerable  loss  of  nitrogen.  The  results  are  some- 
what erratic,  but,  in  general,  the  loss  is  greater  when  the  ammonium  salt 
is  in  excess.  It  also  seems  to  be  greater  in  the  phosphate  than  in  the  am- 
monium chloride  solutions.  This  is  probably  connected  with  the  lower 
hydrogen  ion  concentration  in  the  phosphate  solution. 

Action  of  Hydrogen  Chloride  on  Nitrogen  Trichloride. — The  pre- 
cipitation of  ammonium  chloride  when  hydrogen  chloride  is  passed  into 
a  solution  of  the  trichloride  in  carbon  tetrachloride  has  been  mentioned 
above. 

In  another  experiment  nitrogen  trichloride  was  prepared  by  passing 
chlorine  into  a  solution  of  ammonium  sulfate  contained  in  an  inclined 
bulb  connected  with  a  serpentine  tube  at  the  top,  which  was  in  turn  con- 
nected both  with  an  exit  for  the  gases  and  a  return  tube  which  carried 
the  liquid  pushed  forward  by  the  gas  back  to  the  bottom  of  the  bulb. 
The  whole  was  surrounded  with  a  wooden  box  to  protect  the  trichloride 
from  the  light  and  as  a  precaution  in  case  of  explosion.    The  chlorine  was 
almost  completely  absorbed  by  the  ammonium  sulfate  solution  and  the 
nitrogen  trichloride  collected  in  a  globule  in  the  lower  part  of  the  bulb.    A 
current  of  air  was  then  passed  through  the  bulb  and  the  mixture  of  air 
and  vapor  of  the  trichloride  was  passed  through  a  wash  bottle  containing 
cone,  sulfuric  acid  to  dry  it  and  then  through  a  U-tube  surrounded  by  a 
1  Hentschel,  Bet.,  30,  1792  (1897). 
1  Hentschel,  ibid.,  30,  2642  (1897). 
9  This  Journal,  39,  896  (1917). 
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freezing  mixture.    This  method  of  separating  pure  nitrogen  trichloride   * 
without  the  use  of  a  solvent  is  much  easier  of  manipulation  and  safer 
than  the  method  described  by  Gattermann.1 

After  about  0.37  g.  of  the  trichloride  (calculated  from  the  ammonium 
chloride  formed  by  its  decomposition)  had  collected  in  the  U-tube,  dry 
hydrogen  chloride  was  passed  through  the  tube.  The  chlorine  liberated 
was  passed  through  a  small  coil  containing  water  to  remove  the  excess 
of  acid  and  into  a  solution  of  potassium  iodide.  There  was  left  in  the 
U-tube  3.01  mg.  mols  of  solid  ammonium  chloride,  0.028  mg.  mols  of 
ammonium  were  found  in  the  potassium  iodide  solution  and  18.95  m£-  of 
iodine  was  liberated  by  the  chlorine,  as  determined  by  titration  with 
sodium  thiosulfate.  The  ratio  is  one  mol  of  ammonium  chloride  to  6.075 
atoms  of  free  chlorine.  The  nitrogen  trichloride  had  been  converted 
quantitatively  into  ammonium  chloride  and  free  chlorine. 

In  another  experiment,  performed  on  a  hot  day,  the  product  condensed 
in  the  U-tube  was  found  to  boil  below  300  and  the  ratio  between  the  mols 
of  ammonium  chloride  and  atoms  of  chlorine  obtained  by  treating  it  with 
hydrogen  chloride  was  very  nearly  1  : 4.  This  may,  possibly,  indicate 
that  the  product  was  dichloro-amine,  NHCU.  This  will  be  investigated 
further. 

Sixteen  g.  of  a  solution  of  nitrogen  trichloride  in  carbon  tetrachloride 
gave  1 .  173  mg.  mols  of  ammonium  chloride  on  shaking  once  with  15  cc. 
of  cone,  hydrochloric  acid.  Sixteen  g.  of  the  same  solution  gave  1 .  185 
mg.  mols  of  ammonia  when  treated  with  25  cc.  of  a  sodium  sulfite  solution. 
In  another  experiment  20.2  g.  of  a  solution  of  nitrogen  trichloride  in  car- 
bon tetrachloride  gave  1 .87  mg.  mols  of  ammonium  chloride  when  shaken 
with  10  cc.  of  cone,  hydrochloric  acid,  while  the  carbon  tetrachloride 
solution  containing  chlorine  which  was  separated  from  the  acid  solution, 
gave  only  0.004  mg.  mols  of  ammonia  by  reduction  with  sodium  sulfite. 
In  other  words,  99.8%  of  the  original  trichloride  had  been  converted  to 
ammonium  chloride.  In  a  number  of  comparative  determinations,  treat- 
ment of  nitrogen  trichloride  solutions  in  carbon  tetrachloride  with  cone 
hydrochloric  acid  gave  either  the  same  amount  of  ammonia  or  a  larger 
amount  than  when  the  same  solutions  were  reduced  with  sodium  sulfite. 

Summary. 

1.  Dry  hydrogen  chloride  converts  nitrogen  trichloride  quantitatively 
to  ammonium  chloride.  The  reaction  may  occur  either  with  a  solution 
of  the  trichloride  in  carbon  tetrachloride  or  without  any  solvent.  This 
demonstrates  that  the  decomposition  is  not  an  hydrolysis,  in  the  absence 
of  water,  and  probably  not  an  hydrolysis  in  the  presence  of  water. 

2.  It  seems  probable  that  the  action  consists  primarily  in  the  forma- 
tion of  trichloro-ammonium  chloride,  NCUHCl,  followed  by  the  loss  of 

1  Gattermann,  Ber.,  21,  751  (1888). 
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an  atom  of  positive  chlorine  combined  with  an  atom  of  negative  chlorine. 

3.  The  formation  of  nitrogen  trichloride  by  the  action  of  chlorine  on 
an  ammonium  salt  seems  to  be  the  reverse  of  the  reaction  just  described. 
Ammonium  sulfate  is  much  more  suitable  than  ammonium  chloride  for 
the  preparation  of  the  trichloride. 

4.  Chloro-amine  or  dichloro-amine  are  formed,  as  well  as  nitrogen 
trichloride,  when  ammonium  salts  are  treated  with  chlorine. 

5.  Treatment  of  an  ammonium  salt  with  hypochlorous  acid  is  better 
than  treatment  with  chlorine  for  the  preparation  of  pure  nitrogen  tri- 
chloride free  from  other  chloro-amines. 

6.  Nitrogen  trichloride  may  be  separated  from  a  solution  in  which  it  is 
prepared  by  passing  a  current  of  air  through  the  solution,  drying  the  air 
and  vapor  of  the  trichloride  with  cone,  sulfuric  acid  and  condensing  the 
trichloride  in  a  U-tube  surrounded  with  a  freezing  mixture. 


Three  of  the  most  fundamental  questions  now  before  chemists  for  con- 
sideration are: 

1.  Are  all,  or  nearly  all,  reactions  essentially  ionic  in  character?  When 
two  atoms  or  radicals  separate  and  recombine,  is  one  of  the  atoms  usually 
positive  and  the  other  negative? 

2.  If  the  first  question  is  answered  in  the  affirmative,  are  the  positive 
and  negative  character  of  atoms  retained  in  compounds? 

3.  Is  the  simplest  bond  of  union  between  two  atoms  due  to  one  electron 
or  two? 

The  experiments  which  have  been  described  seem  to  throw  some  light 
on  the  first  2  questions.  If  the  interpretation  given  is  true,  trichloro- 
ammonium  chloride,  NCI3HCI,  contains  one  chlorine  atom  which  is  bound 
to  the  nitrogen  atom,  or  to  the  group,  in  an  essentially  different  manner 
from  the  combination  of  the  other  3.  This  chlorine  atom  tends  to  sepa- 
rate from  combination  carrying  an  extra  electron,  while  either  of  the  other 
3  chlorine  atoms  tends  to  separate  from  the  nitrogen  atom  with  the  loss 
of  an  electron,  i.  e.t  as  a  positive  atom.  The  negative  chlorine  atom  may 
then  ccfinbine  with  the  positive  atom  to  form  free  chlorine. 

The  experiments  throw  little  or  no  light  on  the  question  whether  in 
free  chlorine  one  atom  remains  positive  and  the  other  negative,  or  as  to 
whether  the  2  atoms  are  bound  by  a  single  electron  or  by  two. 

UXBANA,   IW». 
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SOLUBILITY.    IV.  SOLUBILITY  RELATIONS  OF  NAPHTHALENE 

AND  IODINE  IN  THE  VARIOUS  SOLVENTS,  INCLUDING  A 

METHOD  FOR  EVALUATING  SOLUBILITY  DATA. 

By  Jobl  H.  Hildbbrand  and  Clarbncb  A.  Jbnxs. 

Received  July  29.   1920. 

In  the  preceding  papers  of  this  series1  a  theory  of  solubility  has  been 
presented  according  to  which  Raoult's  law,  which  is  taken  as  expressing 
the  behavior  of  an  ideal  solution,  will  be  obeyed  by  substances  which, 
in  the  liquid  state,  have  the  same  internal  pressures,  provided  the  sub- 
stances are  relatively  non-polar  and  do  not  tend  to  form  compounds  with 
each  other.  Positive  deviations  from  Raoult's  law,  under  the  same 
conditions,  are  shown  wherever  the  substances  have  different  internal 
pressures.  Since  solubilities  can  be  calculated  on  the  basis  of  Raoult's 
law,  substances  will  be  less  soluble  in  each  other  the  greater  the  differ- 
ence in  their  internal  pressures  in  the  liquid  state. 

In  the  earlier  papers  the  solubility  relations  of  naphthalene  and  iodine 
were  briefly  discussed.  It  is  the  purpose  of  the  present  paper  to  do  this 
more  fully,  with  the  aid  of  a  new  method  for  criticising  solubility  data, 
and  utilizing  additional  experimental  material. 

Method  for  Evaluating  Solubility  Data. 

In  evaluating  solubility  data,  it  is  possible  to  use  a  procedure  frequently 
applied  in  connection  with  vapor  pressures.  From  the  form  of  the  ideal 
equation,  log  N  =  L/4.57  T  +  /,  where  N  is  the  mol-fraction  of  the 
solute  in  solution,  L  its  heat  of  solution,  and  I  a  constant  of  integration, 
it  is  evident  that  when  log  N  is  plotted  against  i/T,  a  straight  line  should 
result  whose  slope  gives  the  heat  of  solution  of  the  solute  (which  is  iden- 
tical with  the  heat  of  fusion  of  the  solute  when  Raoult's  law  is  obeyed). 
Moreover,  when  the  2  substances  in  the  liquid  form  are  miscible  in  all 
proportions,  as  is  the  case  where  Raoult's  law  is  even  approximately 
obeyed,  N  becomes  unity  at  the  melting  point  of  the  solute.  It  follows, 
therefore,  that  for  solutions  in  which  molecular  changes  do  not  play  very 
important  roles,  the  solubility  data  when  plotted  in  the  above  fashion 
will  give  a  family  of  curves  converging  to  the  melting  point  and  approach- 
ing the  ideal  value  calculated  from  the  heat  of  fusion  as  Raoult's  law  is 
approached.    Figs.  1  and  3  illustrate  this  method. 

Since  the  internal  pressures  of  different  substances  do  not  retain  pre- 
cisely the  same  relative  values  at  all  temperatures,  the  solubility  lines  are 
not  strictly  parallel.  This  is,  however,  a  second  order  effect.  It  is  possi- 
ble, therefore,  to  make  the  following  predictions  for  solutions  of  non- 
polar  substances. 

1  This  Journal,  38,  1452  (1916);  39,  2297  (1917);  4X»  Io67  09«9)- 
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i.  From  the  melting  point  of  the  solute  and  its  solubility  at  any  one 
temperature  (in  terms  of  mol-fraction)  it  is  possible  to  predict  its  solu- 
bility at  all  temperatures  rather  closely  by  drawing  a  straight  line  through 
the  2  points  on  the  plot  of  log  N  against  i/T.  Where  the  2  substances 
differ  greatly  in  internal  pressure,  which  can  readily  be  determined  ac- 
cording to  the  criteria  used  in  the  third  paper  of  this  series,  this  line  should 
be  slightly  concave  upwards. 

2.  When  the  solubility  of  the  solute  in  other  solvents  is  known  at  any 
temperatures,  a  family  of  curves  similar  to  those  in  Figs.  1  and  3  can  be 
drawn.  It  is  then  possible  to  predict  approximately  its  solubility  in  any 
other  solvent  at  any  temperature  by  noting  the  relation  of  the  internal 
pressure  of  the  new  solvent  to  that  of  the  others,  and  by  drawing  a  line  in 
the  proper  position.  This  will  be  illustrated  in  the  subsequent  discussion 
of  existing  data. 

3.  When  solvation  exists  solubility  will  be  greater  than  would  other- 
wise be  expected,  but  will  have  a  smaller  temperature  coefficient. 

4.  The  temperature  coefficient  of  solubility  will  be  greatest  for  substances 
differing  most  in  internal  pressure. 

Solubility  Relations  of  Naphthalene. 

At  the  time  of  the  publication  of  the  first  paper  of  this  series,  we  were 
not  aware  of  an  important  paper  upon  solubility  by  Schroeder1  in'  which 
he  published,  apparently  for  the  first  time,  the  formula  for  calculating 
the  solubility  of  a  substance  from  its  heat  of  fusion  and  melting  point 
upon  the  assumption  that  Raoult's  law  holds.  He  further  represented 
his  results  by  plotting  log  N  against  the  difference  between  the  melting 
point  of  naphthalene  and  the  temperature  of  each  solubility  determina- 
tion. This  method  is  similar  to  the  one  here  employed,  but  does  not  give 
straight  lines.  The  data  he  obtained  using  solutions  of  naphthalene  in 
benzene,  chlorobenzene  and  carbon  tetrachloride,  agree  fairly  well 
with  the  formula.  We  wish,  however,  to  take  account  of  the  minor 
deviations  of  solubility  in  these  and  other  solvents  and  to  show  that  they 
are  essentially  such  as  have  been  predicted  on  the  basis  of  internal  pressure. 
In  addition  to  the  data  of  Schroeder,  we  have  determinations  of  the  solu- 
bility of  naphthalene  in  hexane,  carbon  disulfide  and  chloroform  by 
Etard2  and  by  Speyers3  in  chloroform  and  toluene.  All  of  the  above  de- 
terminations cover  a  considerable  range  of  temperature.  The  data  of 
Etard  and  Speyers  for  chloroform  agree  fairly  well.  A  single  determina- 
tion by  Bechi4  in  toluene  agrees  with  the  values  by  Speyers. 

The  experimental  values  have  been  plotted  in  Fig.  1.  The  ideal  solu- 
1  Schroeder,  Z.  physik.  Chem.,  u,  449  (1893). 

*  Etard,  Bull.  soc.  chim.,  [3]  9,  82  (1893). 

*  Speyers,  Am.  J.  Set.,  [4]  14,  294  (1902). 
«  Bechi.  Ber.,  12,  1978  (1879). 
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bility  calculated  from  the  heat  of  fusion  is  also  indicated.  For  this  pur- 
pose, the  heat  of  fusion  of  naphthalene  and  its  specific  heats  in  the  solid 
and  liquid  forms  have  been  taken  from  the  work  of  Bogojawlenski.1  His 
value  of  the  heat  of  fusion  is  a  little  lower  than  the  ones  given  by  older 
observers,  but  the  comprehensive  character  of  the  investigation  and  the 
greater  purity  of  the  naphthalene  used,  as  indicated  by  its  higher  melting 
point,  are  evidence  that  this  work  is  the  most  accurate.  If  other  values 
were  taken  into  account  the  line  would  be  slightly  higher,  but  the  validity 
of  the  theory  would  not  be  affected  thereby. 


«MKLT.  pT.  CjqM| 


Pig.  i. — Solubilities  of  naphthalene. 

It  will  be  seen  that,  except  for  chloroform  and  toluene,  the  solvent 
powers  of  the  various  substances  considered  are  exactly  in  the  order  given 
in  the  table  of  relative  internal  pressures  in  the  third  paper  of  this  series, 
where  the  values  are  shown  to  increase  in  the  following  order :  hexane,  carbon 
tetrachloride,  toluene,  benzene,  chloroform,  chlorobenzene,  naphthalene, 
carbon  disulfide.  We  would  expect  from  this  that  the  solubility  of  naph- 
thalene in  chloroform  would  be  between  its  solubilities  in  benzene  and 
chlorobenzene.  The  fact  that  its  solubility  in  this  solvent  is  greater  than 
Raoult's  law  would  lead  us  to  expect,  may  be  evidence  of  the  existence 
of  solvation  such  as  will  be  seen  in  the  case  of  iodine  in  benzene,  and,  at 
lower  temperatures,  in  carbon  disulfide. 

The  curve  for  toluene  should,  theoretically,  fall  slightly  above  that  for 
carbon  tetrachloride,  and  be  almost  straight,  like  those  for  the  other  sol- 
vents. The  fact  that  it  falls  below  for  part  of  its  course  would  constitute 
a  more  serious  contradiction  if  the  experimental  values  were  more  regular. 
1  Bogojawlenski,  Chetn.  Zcntr.,  [5]  9,  II,  945  (1905). 
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It  is  unlikely  that  the  true  curve  would  have  the  inflections  of  the  one 
drawn  in  the  figure,  which  was  drawn  through  the  experimental  points. 
If  an  approximately  straight  line  were  drawn  to  satisfy  these  points  it 
would  fall  very  close  to  the  one  for  carbon  tetrachloride. 

It  is  evident  that,  except  for  unforeseen  instances  involving  solvation, 
the  solubility  of  naphthalene  in  other  solvents  could  be  approximately 
predicted  by  the  aid  of  Fig.  1.  For  example,  ethylene  bromide,  which 
falls  between  carbon  disulfide  and  naphthalene,  should  have  a  solvent 
power  somewhat  greater  than*  that  of  carbon  disulfide,  but  less  than  the 
ideal.  Again,  xylene,  which  has  an  internal  pressure  between  those  of 
toluene  and  hexane,  should  show  a  solvent  power  which  would  be  indi- 
cated by  drawing  a  line  somewhat  below  the  line  for  toluene,  in  Fig.  1. 

Table  I. 
Solubilities  of  Naphthalene — Mol-Fraction. 

Temperature. 

Solvent.  0*.  10°.  20°.  25°.  40°.  50°. 

Hexane 0.0375  0.0622  0.100  0.124  0.234  0.340 

Carbon  tetrachloride 0.117  0.1645  0.226  0.262  0.405  0.515 

Toluene 0.13  0.16  0.20  0.23  0.40  0.51 

Benzene 0.139  0.190  0.254  0.290  0.432  0.540 

Chloroform 0.184  0.237  0.291  0.334  0.473  0.575 

Chlorobenzene 0.164  0.217  0.281  0.316  0.453  0.557 

Ideal 0.172  0.224  0.287  0.323  0.455  0.561 

Carbon  disulfide 0.129  0.183  0.252  0.293  0.441  0.553 

In  Table  I  are  given  values  of  the  solubilities  of  naphthalene  at  various 
temperatures  in  terms  of  mol-fraction.  These  values  were  taken  from  a 
careful  plot  of  Fig.  1  and  represent  the  smoothed  out  experimental  data. 
The  values  for  benzene  at  the  lower  temperatures  represent  some  extra- 
polation, shown  in  the  figure  by  the  dotted  line.  This  table  illustrates 
numerically  the  conformity  of  the  solubilities  of  naphthalene  to  the  in- 
ternal pressure  theory. 

Solubility  of  Iodine. 

Experimental. — Solubilities  of  iodine  over  any  range  of  temperature 
are  given  in  the  literature  for  only  a  few  solvents.  It  was  accordingly 
necessary  for  our  purpose  to  determine  the  solubility  in  several  others, 
including  benzene. 

The  iodine  used  was  subjected  to  a  purification  to  eliminate  particu- 
larly the  other  halogens  and  cyanogen.  For  this  purpose  we  used  with 
but  slight  modification  the  method  of  Baxter.1 

Commercial  "c.  p."  benzene  was  first  distilled  and  then  shaken  re- 
peatedly with  sulfuric  acid,  in  order  to  remove  thiophene.  It  was  then 
frozen  4  times.    The  samples  from  the  last  2  operations  showed  no  differ- 

1  Baxter,  Proc.  Am.  Acad.,  40,  421  (1904). 
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ences  in  freezing  point  greater  than  0.0010.    The  benzene  was  finally 
dried  with  phosphorus  pentoxide  and  redistilled. 

The  carbon  tetrachloride  used  was  first  shaken  with  a  concentrated 
solution  of  sodium  hydroxide  and  then  distilled  from  the  phosphorus 
pentoxide,  a  constant-boiling  distillate  being  obtained. 

The  heptane  was  obtained  from  material  kindly  donated  by  Mr.  D.  F. 
Fryer,  Santa  Rosa,  Calif.  It  was  treated  3  times  with  sulfuric  acid,  di- 
luted with  V*  of  its  volume  of  water.  It  was  then  distilled,  nearly  all 
coming  over  between  98. 3 °  and  98. 6°.  The  distillate  was  again  shaken 
3  times  with  sulfuric  acid  diluted  with  l/\  of  its  volume  of  water.  The  sul- 
furic acid  used  in  this  treatment  remained  colorless.  It  was  then  shaken 
with  cone,  sulfuric  acid,  treated  with  phosphorus  pentoxide  and  distilled, 
all  distilling  at  98. 40.  The  density  of  the  resulting  liquid  was  0.6827 
at  20. 1  °.  Both  the  boiling  point  and  the  density  agree  well  with  the 
values  given  by  other  observers  for  normal  heptane.  The  boiling  points 
of  the  other  heptanes  are  90  °  or  lower. 

The  solubility  determinations  were  made  in  an  apparatus  shown  in 
Fig.  2.  The  bulb  was  supported  in  the  thermostat  in  a  nearly  horizontal 
position  and  rotated  in  such  a  way  as  to  rock  the  contained  liquid  from 

one  end  to  the  other.  After 
equilibrium  was  obtained  the  ap- 
paratus was  tilted  so  that  the 
exit  tube  was  in  a  vertical  posi- 
tion and  a  portion  of  the  solu- 
tion was  forced  up  into  the 
pipet  by  blowing  gently  into  the 
side  arm  provided  with  a  stop- 
cock. The  construction  of  the 
bulb  is  such  that  the  solid  is 
kept  away  from  the  tip  of  the 
pipet,  minimizing  the  danger  of 
forcing  particles  of  the  solid  into 
the  pipet.  The  bulb  was  kept 
under  the  surface  of  the  water 
in  the  thermostat  during  the 
filling  of  the  pipet.  The  pipet  was  then  removed  from  the  bulb  and 
weighed.  Its  contents  were  washed  into  a  flask  and  titrated  with 
sodium  thiosulfate  solution.  The  weights  and  burets  used  were  carefully 
standardized. 

Results. 
Tables  II,  III  and  IV  give  the  experimental  results  upon  the  solubili- 
ties of  iodine  in  benzene,  carbon  tetrachloride  and  heptane,  respectively. 
These  results  are  plotted  in  Fig.  3,  along  with  the  experimental  values 
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obtained  by  Arctowski  for  the  solubility  of  iodine  in  carbon  disulfide1 
and  in  benzene2  at  lower  temperatures.  The  figure  includes  also  solu- 
bilities in  chloroform  obtained  by  Hantzsch  and  Vagt*  and  the  single  value 
of  Jakowkin4  in  carbon  tetrachloride  at  25  °,  which  falls  almost  exactly 
upon  our  own  curve.  There  exist  values  by  Bruner*  for  the  solubilities 
of  iodine  in  chloroform  and  carbon  tetrachloride  in  the  neighborhood  of 
1 5°,  but  examination  of  his  paper  shows  his  values  to  be  rather  unrelia- 
ble, and  they  are  not  here  included. 

Tablb  II. 
Solubility  of  Iodine  in  Benzene. 

Temp.                      25°.  30°.  35°.  40°.  45°.            50°.          54.64°. 
G.  It  per  100  g.  solu- 
tion    14.00  16.06  17.93  20.01  22.74      25.51       28.25 

14.15  16.14  17.74  20.09  22.82           ...       28.27 

14.12           ...  18.03           •••  22.79 

Mean 1409       16.10      17.90      20.05      22.78      25.51       28.26 

Mol-fraction 0.0480    0.0558    0.0629    0.0716    0.0832    0.0953    0.1081 

Tabus  III. 

Solubility  of  Iodine  in  Carbon  Tetrachloride. 

Temp.  0°.  35°.  50°. 

G.  Is  per  100  g.  solution 0.6880  2.621  4364 

0.6875     2.599     4-344 

0.6866    2.597     4  346 

2.594 

Mean 0.6877  2.603  4-351 

Mol-fraction 0.00418        0.01594        0.02683 

Tabu*  IV. 
Solubility  of  Iodine  in  Heptane. 

Temp.                                                0°.  25°.                      35°.                   50°. 

G.  la  per  100  g.  solution 0.6192  1 .703              2.501             4.200 

0.6149  1. 701               2.497            4. 192 

0.6164  ...                 2.476 

0.6199 

Mean 0.6176  1.702  2.491  4. 196 

Mol-fraction 0.00245        0.006786        0.00998        0.01699 

Marden  and  Dover4  have  published  a  single  determination  of  the  solu- 
bility of  iodine  in  chloroform  at  25  °  which  does  not  agree  very  well  with 

1  Arctowski,  Z.  anorg.  Chan.,  6,  404  (1894). 
*Ibid.,  II,  276  (1895). 

•  Hantzsch  and  Vagt,  Z.  physik.  Chem.,  38,  728  (1901). 
4  Jakowkin,  ibid.,  18,  590  (1895). 

•  Bruner,  ibid.,  26,  145  (1898). 

•  Marden  and  Dover,  This  Journai,,  38,  1235  (1916). 
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the  values  of  Hantzsch  and  Vagt.  Hertz  and  Rathmann1  give  solubilities 
of  iodine  in  chloroform  at  25  °  in  terms  of  weight  of  iodine  per  imit  volume 
of  the  solutions.  Lack  of  data  concerning  the  densities  of  these  solutions 
makes  it  impossible  to  recalculate  solubility  to  a  weight  basis.  The  solu- 
bility of  iodine  in  molten  sulfur  is  given  by  the  freezing-point  determina- 
tions of  Smith  and  Carson.2  The  formula  3$  was  used  in  calculating  the 
mol-fraction  of  iodine. 

Table  V. 
Solubilities  of  Iodine — Mol-Fraction. 
Temperature. 
Solvent.  0°.  10°.  20°.  25°. 

Heptane 0.00245  0.00376  0.00565  0.00679 

Carbon  tetrachloride 0.00418  0.00631  0.00920  o. 01 10 

Chloroform 0.0093    0.00135  0.00193  0.0228 

Benzene 0.0306    0.0420    0.0482 

Carbon  disulfide 0.0250    0.0341    0.0487    0.0570 

Table  V  gives  the  smoothed-out  values  of  the  solubility  of  iodine  at 
various  temperatures  in  carbon  disulfide,  benzene,  chloroform,  carbon 
tetrachloride,  and  heptane,  obtained  from  a  careful  plot  of  the  data  after 
the  manner  shown  in  Fig.  3. 
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Fig.  3. — Solubilities  of  iodine. 

Discussion. — It  is  evident  that  the  solubilities  of  iodine  plotted  as 
in  Fig.  3,  give,  except  for  benzene,  a  family  of  closely  parallel  curves  sim- 
ilar to  those  for  naphthalene  shown  in  Fig.  1.  The  dotted  lines  represent 
the  hypothetical  portions  at  higher  temperatures  as  the  curves  converge 

1  Hertz  and  Rathmann,  Z.  Elektrochem.,  19,  887  (1913). 

1  Smith  and  Carson*  Z.  physik.  Chem.,  6x,  200  (1907). 
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to  the  melting  point  of  iodine  where  it  becomes  soluble  in  all  proportions, 
i.  e.9  N  =  1. 

Excepting  for  benzene,  the  order  of  solubility  in  the  various  solvents 
follows  the  order  of  internal  pressures.  Sulfur,  whose  internal  pressure 
and  solubility  relations  will  be  discussed  more  at  length  in  a  future  com- 
munication, falls  very  close  to  iodine,  and,  since  there  is  little  or  no  ten- 
dency for  the  elements  to  combine,  dissolves  iodine  almost  exactly  to  the 
extent  corresponding  to  an  ideal  solution. 

In  the  first  papers  of  this  series,  figures  were  given  which  showed  that 
the  solubility  of  iodine,  in  accord  with  the  theory,  falls  off  in  the  following 
solvents  in  the  order  named:  bromoform,  carbon  disulfide,  chloroform, 
carbon  tetrachloride,  hexane.  The  solubility  in  benzene,  however,  was 
found  to  be  nearly  as  great  as  in  carbon  disulfide,  instead  of  being  near 
that  in  chloroform,  as  might  be  expected.  A  statement  was  made  in  the 
first  paper  attributing  this  discrepancy  to  the  formation  of  a  solid  solu- 
tion of  iodine  and  benzene,  reported  by  Beckmann  and  Stock.1  Prof.  E. 
W.  Washburn  kindly  directed  our  attention  some  time  ago  to  the  fact 
that  this  was  a  mis-statement,  for  it  is  evident  that  the  formation  of  a  solid 
solution  would  not  increase  solubility,  but  rather  decrease  it.  Upon 
second  thought,  it  seemed  that  the  true  explanation  of  the  discrepancy 
lies  in  the  solvation  of  iodine  in  benzene  as  shown  by  the  fact  that  this 
solution  has  a  brownish-red  color  instead  of  the  violet  shown  by  solutions 
in  the  other  solvents  above  named. 

Evidence  that  brown  solutions  of  iodine  contain  solvated  iodine,  has 
been  given  by  Hildebrand  and  Glasscock.1  If  a  solution  of  iodine  in 
benzene  is  cooled,  the  red  color  deepens,  while  if  it  is  warmed,  the  color 
approaches  the  violet  of  iodine  vapor,  indicating  that  the  solvation  de- 
creases with  rising  temperature,  as  would  be  expected.  This  changing 
solvation  with  the  temperature  is  very  strikingly  shown  by  solutions  in 
amyl  acetate,  where  the  color  may  be  made  to  vary  all  the  way  from  violet 
to  brown.  When  solvation  occurs,  the  activity  of  the  solute  is  diminished, 
allowing  more  of  it  to  go  into  solution  than  would  otherwise  be  the  case, 
so  that  as  the  temperature  rises  and  solvation  decreases,  the  solubility 
should  approach  that  expected  from  the  position  of  the  solvent  in  the 
table  of  internal  pressures. 

The  effect  of  temperature  upon  the  solubility  of  iodine  in  benzene  is  as 
expected  from  this  point  of  view.  Fig.  3  shows  that  as  the  temperature 
is  increased  the  solubility  in  benzene  approaches  the  solubility  in  chloro- 
form.   There  is  little  doubt,  therefore,  that  if  no  solvation  occurred 

1  Beckmann  and  Stock,  Z.  physik.  Chem.,  17,  107  (1895). 

*  Hildebrand  and  Glasscock,  This  Journal,  31,  26  (1909).    See  also  P.  Waentig, 
Z.  physik.  Chem.,  68,  513  (1909)  and  J.  H.  Hildebrand,  ibid.,  74,  679  (19 10). 
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the  solubility  in  benzene  would  be  represented  by  a  line  parallel  and  close 
to  the  line  for  chloroform. 

The  same  behavior  is  shown  by  carbon  disulfide  solutions,  which  begin 
to  turn  brown  below  o°,  indicating  solvation  and  producing  a  higher  solu- 
bility thjtn  would  otherwise  be  found.  The  dotted  lower  extension  of  the 
curve  for  this  solution  shows  approximately  the  course  the  curve  would 
take  in  the  absence  of  solvation.  We  wish  to  emphasise  thai  it  is  the  de- 
viation of  the  actual  curve  from  this  dotted  curve,  and  not  from  the  line  of  the 
ideal  solution  higher  up  which  should  be  used  for  any  estimate  of  the  amount 
of  solvation.  The  well-nigh  universal  practice  of  concluding  that  all 
deviations  from  Raoult's  laW,  or,  still  worse,  from  van't  Hoflf's  law  for 
osmotic  pressure  or  from  any  of  the  laws  derived  from  them,  indicate 
changes  in  the  molecular  species  present  in  the  solution,  is  far  from  being 
justifiable,  as  the  present  illustration  clearly  shows.  The  considerable 
deviation  of  solutions  of  iodine  in  heptane  from  Raoult's  law  that  would  be 
shown  by  molecular  weight  determinations  as  well  as  by  the  solubility 
curve,  might  be  "explained"  by  assuming  that  iodine  is  "associated"  in 
heptane,  or,  if  one  prefers,  that  heptane  is  associated — either  will  work. 
However,  either  is  unjustifiable,  for  there  is  no  more  effect  of  this  sort  in 
heptane  than  there  is  in  carbon  disulfide. 

The  above  results  are  at  most  but  slightly  influenced  by  any  tendency 
of  benzene  to  form  solid  solutions  in  iodine.  A  solution  of  iodine  in  ben- 
zene was  slowly  evaporated  at  approximately  45  °  and  the  iodine  crystals 
remaining  were  analyzed.  They  were  found  to  contain  98.7%  iodine. 
Since  some  benzene  may  have  been  occluded,  the  amount  in  solid  solu- 
tion must  have  been  very  small.  Evidently  the  solubility  of  benzene  in 
solid  iodine  is  much  less  than  that  of  iodine  in  benzene. 

The  curves  in  Fig.  3  would  enable  one  to  construct  the  whole  solubility 
curve  for  any  solvent  for  iodine  which  gives  violet  solutions  provided  a 
single  point  is  known.  Thus  the  solubility  of  iodine  in  hexane  has  been 
determined  at  15  °  by  E.  T.  Ellefson  in  this  laboratory,1  giving  N  =  o .  0045, 
a  value  a  little  less  than  the  corresponding  one  for  heptane.  A  curve 
drawn  through  this  point  parallel  to  the  curve  for  heptane  would  undoubt- 
edly give  very  closely  the  solubility  in  hexane  through  the  corresponding 
range  of  temperature.  Jakowkin*  gives  a  value  for  the  solubility  of 
iodine  in  bromoform  at  25  °.  Unfortunately,  it  is  not  clear  whether  his 
figures  refer  to  amount  of  iodine  per  liter  of  solvent  or  of  solution.  Since 
the  solubility  is  large  it  makes  a  considerable  difference  which  is  used  in 
calculating  to  mol.  fraction.  If  the  former  is  correct  N  =  0.062,  while 
if  the  latter  is  correct,  and  assuming  that  the  volume  of  the  solution  is 
the  sum  of  the  volumes  of  bromoform  and  liquid  iodine,  N  =  0.066.     In 

1  E.  T.  Ellefson,  This  Journal,  39i  1301  (191 7). 
*  Jakowkin,  hoc.  cit. 
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either  case  the  solubility  is  greater  than  that  in  carbon  disulfide,  in  accord 
with  the  greater  internal  pressure  of  bromoform,  and  the  entire  solubility 
curve  could  be  drawn  parallel  to  that  for  carbon  disulfide. 

If  we  consider  a  solvent  for  which  we  have  no  solubility  data,  such 
as  ethylene  bromide,  we  can  predict  the  solubility  with  a  fair  degree  of 
approximation  by  noting  that  this  solvent  has  an  internal  pressure  a 
little  less  than  that  of  carbon  disulfide,  hence  its  solvent  power  for  iodine 
should  also  be  a  little  less,  and  its  solubility  curve  should  be  drawn  a  little 
below  that  for  carbon  disulfide  and  parallel  to  it,  since  it  gives  violet  solu- 
tions showing  no  solvation. 

When  polar  solvents  are  used,  or  those  giving  brown  solutions,  the 
solubility  curve  will  be  more  unique,  behaving  like  the  benzene  curve 
but  in  a  more  exaggerated  form,  and  in  a  position  more  difficult  to  predict. 

Summary. 

1.  A  method  for  criticising  solubility  data  has  been  outlined,  accord- 
ing to  which  the  solubilities  of  a  substance  in  solvents  where  no  molec- 
ular changes  are  involved,  when  plotted  as  log  N  against  i/T,  give  a 
family  of  approximately  straight  lines  converging  to  the  melting  point 
of  the  solute  where  N  =  1.  The  position  of  these  lines  corresponds  to 
the  internal  pressures  of  the  solvents  and  is  approximately  predictable 
from  them. 

The  effect  of  solvation  upon  the  solubility  and  also  upon  its  tempera- 
ture coefficient  has  been  outlined. 

2.  The  above  mentioned  has  been  illustrated  by  means  of  solubility 
data  of  naphthalene  in  various  solvents, 

3.  Solubilities  of  iodine  in  benzene,  carbon  tetrachloride  and  heptane 
have  been  measured  at  various  temperatures. 

4.  The  solubility  relations  of  iodine  have  been  discussed  by  the  aid  of 
the  above  method,  and  it  is  shown  that  the  violet  solutions  give  the  ex- 
pected family  of  parallel  curves,  whereas  the  brown  solutions  show  devia- 
tions in  the  direction  expected. 

Bbkkbiby,  Cai.. 
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RADIATION  AS  A  FACTOR  IN  CHEMICAL  ACTION. 

By  Irving  Langmuir. 

Received  August  16,  1920. 

Jean  Perrin,  in  his  book  "Les  Atpmes"  (1913),  advanced  the  thesis  that 
the  action  of  light  plays  an  essential  part  in  all  chemical  reactions.  In 
a  more  recent  article1  he  shows  that  Arrhenius'  equation  for  reaction 
velocity  can  be  derived  from  the  Planck  or  Wien  radiation  law  upon  the 
assumption  that  the  chemical  action  depends  on  the  absorption  of  a  nearly 
monochromatic  radiation.  Thus  the  increase  in  the  velocity  of  a  reaction 
with  rising  temperature  is  supposed  to  be  due  to  the  increasing  intensity  of 
some  particular  part  of  the  so-called  black-body  radiation.  According 
to  Wien's  radiation  law,  the  natural  logarithm  of  the  intensity  of  any 
monochromatic  black-body  radiation  is  a  linear  function  of  the  reciprocal  of 
the  absolute  temperature.  The  slope  of  the  line  representing  this  relation  is 
— hv/k  where  h  is  the  quantum  6.6  X  io"27  erg  seconds,  v  is  the  frequency 
of  the  monochromatic  radiation,  and  k  is  the  gas  constant  per  molecule, 
or  1.37  X  io"16  erg  per  degree.  According  to  Arrhenius'  equation,  an 
exactly  similar  relation  holds  between  the  natural  logarithm  of  the  reaction 
velocity  and  the  reciprocal  of  the  temperature.  Trautz,  Marcelin,  Wm. 
McC.  Lewis  and  others,  from  analogy  with  van't  HofFs  equation,  have 
identified  the  slope  of  the  line  obtained  from  the  Arrhenius  equation  with 
Q/R  where  R  is  the  gas  constant  and  Q  is  the  energy  (per  gram  molecule) 
required  to  activate  the  reacting  substance.  The  quantity  Q/R  thus  has 
the  same  relation  to  Arrhenius'  equation  that  hv/k  has  to  the  Wien  equa- 
tion. To  correlate  the  two  laws  it  is  only  necessary  to  equate  these 
quantities 

k       R'  y  ' 

But  R  =  Nk  where  N  is  the  Avogadro  constant  6.1  X  io,s  molecules 
per  gram  molecule.    Therefore 

Q  =  Nhy.  (a) 

In  other  words,  the  heat  of  activation  per  molecule  is  hv,  a  result  in  accord 
with  the  quantum  theory.1 

The  radiation  hypothesis,  together  with  the  quantum   theory,    thus 

furnishes  a  very  simple  explanation  of  the  relation  between  the  Arrhenius 

equation  for  reaction  velocity  and  the  Wien  radiation  law.    According 

to  this  hypothesis,  all  chemical  reactions  are  to  be  regarded  as  essentially 

1  Ann.  pkys.  [9]  11,  5-108  (1919). 

'  Haber,  Verh.  deut.  physik.  Ges.t  13,  11 17  (1911),  proposed  a  relation  like  that  of 
Equation  2  for  calculating  the  heats  of  chemical  reactions  from  the  natural  frequencies 
of  vibrations  of  the  electrons  in  atoms  and  molecules. 
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photochemical  reactions  in  which  the  energy  of  radiant  heat  or  light  is 
transformed  into  chemical  energy  or  vice  versa.1 

Perrin  has  given  one  of  the  strongest  arguments  in  favor  of  the  hypo- 
thesis. In  a  unimolecular  reaction  the  amount  of  substance  reacting  in 
a  given  time  is  proportional  to  the  amount  present.  The  chance  that 
any  molecule  shall  react  during  any  small  time  interval  is  thus  independent 
of  the  pressure.  But  the  number  of  collisions  which  the  molecule  makes 
with  others  is  proportional  to  the  pressure.  Therefore,  as  Perrin  points 
out,  the  reaction  of  any  molecule  must  be  a  phenomenon  which  is 
independent  of  collisions  between  molecules.  If  the  reaction  is  not 
due  to  collisions,  it  seems  almost  necessary  to  conclude  that  it  is  caused 
by  radiation. 

There  are  two  consequences  of  the  radiation  hypothesis  which  should 
serve  as  a  test  of  its  validity.  In  the  first  place,  it  is  necessary  that  the 
reacting  substance  shall  absorb  the  radiation  which  causes  the  reaction. 
Therefore,  there  must  be  an  absorption  band  which  includes  the  radiation 
in  question.  It  is  also  to  be  expected  that  the  frequency  of  this  radiation 
should  be  the  same  as  that  obtained  from  the  specific  heat,  the  compres- 
sibility or  the  melting-point  by  the  relations  of  Nernst,  Einstein,  or  Linde- 
mann. 

In  the  second  place,  the  total  amount  of  energy  absorbed  from  the 
radiation  must  be  sufficient  to  activate  the  requisite  number  of  molecules. 
Before  any  molecule  can  undergo  reaction,  it  must  become  activated  and 
this  requires  the  absorption  of  the  energy  hv  or  Q/N,  an  amount  which 
can  be  determined  experimentally  for  any  given  reaction  from  the  tem- 
perature coefficient  of  the  reaction  velocity.  As  far  as  I  have  been  able 
to  find,  no  one  has  tested  the  radiation  hypothesis  from  this  point  of 
view,  although  it  would  seem  to  constitute  a  decisive  test.  It  is  the  prin- 
ciple object  of  this  paper  to  compare  the  energy  absorbed  in  a  few  thermal 
reactions  with  the  total  available  radiant  energy. 

Trautz,  Lewis  and  Perrin  have  attempted  to  correlate  the  frequencies 
calculated  from  Equation  2  with  those  of  absorption  bands  or  with  the 
natural  frequencies  found  from  the  specific  heats,  etc.  The  results  taken 
as  a  whole  do  not  seem  to  furnish  satisfactory  evidence  for  the  radiation 
hypothesis.  In  a  few  cases  the  calculated  frequencies  do  come  within  the 
range  of  absorption  bands,  but  in  most  of  these  cases  (for  example,  iodine) 

1  The  radiation  hypothesis  was  proposed  by  Trautz  in  191 1,  and  has  been  developed 
in  detail  by  him  in  a  series  of  papers  since  then.  A  summary  of  Trautz'  work  with 
reference  to  the  earlier  papers,  is  given  in  the  Z.  anorg.  allgetn.  Chem.,  102, 81-129  (1918); 
and  106,  149  (191 9).  During  the  last  few  years  Wm.  McC.  Lewis  has  published  nu- 
merous papers  on  this  subject  in  the  /.  Chem.  Soc.  See  particularly  /.  Chem.  Soc.t  in, 
389,  457i  1086  (1917);  Phil.  Mag.,  39,  26  (1920).  In  this  last  paper  Lewis  points  out  a 
serious  difficulty  in  reconciling  the  radiation  hypothesis  with  either  Planck's  or  Ein- 
stein's views  regarding  the  mechanism  of  radiation. 
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there  is  a  very  great  number  of  bands  and  there  is  no  way  of  predicting  in 
advance  which  of  the  bands  corresponds  to  the  activation  of  the 
molecule.  In  many  other  cases  there  is  not  the  slightest  trace  of 
an  absorption  band  observed  in  the  neighborhood  of  the  calculated 
frequency.  For  example,  according  to  Lewis'  calculation,  the  critical 
frequency  for  the  dissociation  of  hydrogen  into  atoms  corresponds  to  a 
wave  length  of  325  mm  which  is  in  the  ultra-violet  region  just  slightly 
beyond  the  visible.  There  is,  however,  no  measurable  absorption  of  light 
of  this  frequency  by  hydrogen.  The  following  data  on  the  heats  of  activa- 
tion of  various  dissociations  will  be  given  by  Dr.  Dushman  in  a  forth- 
coming paper,  PH3  —  73,000;  AS4  —  45,000;  P4  —  50,000;  and  COCl2  — 
61,000  g.  cals.  per  mol.  The  heat  of  activation  of  nitric  oxide  in  its 
decomposition  into  oxygen  and  nitrogen  is  65,000  cal.  The  value  for  the 
decomposition  of  nitrous  oxide  is  60,000  cal.  These  values  correspond  to 
wave  lengths  of  390  mm  for  PH«,  630  for  As*,  570  for  P4,  474  for  NfO,  467  for 
COCU,  and  437  for  NO,  which,  according  to  the  radiation  hypothesis, 
should  lie  within  absorption  bands.  It  is  evident  that  this  conclusion 
cannot  be  correct,  for  the  above  wave  lengths  are  in  the  visible  spectrum, 
while  the  gases  are  all  colorless  and  therefore  do  not  absorb  perceptible 
amounts  of  radiation  in  this  range. 

Is  the  Radiant  Energy  Absorbed  by  Gases  Sufficient  to  Account  for 
the  Observed  Reaction  Velocities? 

The  only  unimolecular  gas  reaction  whose  velocity  has  been  directly 
measured,  is  the  dissociation  of  phosphine.1  At  a  temperature  of  948  ° 
K.  the  velocity  constant  is  0.012  per  second.  This  means  that  1.2%  of 
the  phosphine  present  at  any  time  decomposes  within  the  next  second. 
Under  the  conditions  of  the  experiment  the  reaction  was  wholly  irrevers- 
ible. From  the  temperature  coefficient  of  the  reaction  velocity  Lewis 
has  calculated  that  the  heat  of  activation  lies  between  70,000  and  80,000 
calories  per  molecule.  Dushman  will  show  that  excellent  agreement  with 
the  experimental  data  is  obtained  if  we  take  73,000  for  the  heat  of  activa- 
tion. According  to  Equation  2,  this  corresponds  to  a  frequency  of  7.7  X 
io14,  or  to  a  wave  length  of  392  mm« 

According  to  the  radiation  hypothesis,  the  energy  required  to  activate 
the  molecule  before  dissociation  can  occur,  is  supplied  by  the  absorption 
of  radiant  energy  having  a  wave  length  in  the  neighborhood  of  392  mm* 
From  the  heat  of  activation  and  the  reaction  velocity  we  can  calculate 
the  rate  at  which  energy  must  be  supplied  to  bring  about  the  reaction. 
From  Wien's  law  we  can  also  determine  how  much  radiation  there  is  at 
948  °  within  a  given  range  of  wave  lengths,  and  in  this  way  we  can  see  if 
there  is  enough  radiant  energy  to  cause  the  observed  reaction. 

One  cc.  of  phosphine  at  atmospheric  pressure  and  948  °  K.  contains 
1  Trautz  and  Bhandarkar,  Z.  anorg.  allgem,  Chetn.,  xo6,  95  (1919). 
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1.27  X  io~*  g.  mols.  The  amount  that  dissociates  in  one  second  is  0.012 
of  this,  or  1.52  X  io~7  g.  mols.  Taking  73,000  as  the  heat  of  activation* 
the  energy  which  must  be  supplied  per  cc.  per  second  is  0.01 1 1  calorie, 
or  465,000  ergs. 

According  to  the  Stefan-Boltzmann  law,  the  total  radiation  from  a 
black  body  at  948 °  is  4.56  X  io7  ergs  per  second  per  sq.  cm.  All  but  a 
minute  fraction  of  this  energy  lies  far  in  the  infra  red  part  of  the  spectrum. 
The  Wien  displacement  law  \MT  =  0.290  cm.,  shows  that  the  wave 
lengths  corresponding  to  the  maximum  of  the  distribution  curve  is  3060 
ma.  Wien's  radiation  law  gives  for  the  energy  radiated  per  sq.  cm.  per 
second  between  the  frequencies  v  and  v  +  dv  the  expression 

Ejb-^e-^'d,.  (3) 

c 

Here  c  is  the  velocity  of  light,  3.00  X  io10  cm.  per  second. 

The  radiation  hypothesis  gives  no  definite  information  regarding  the 
width  of  the  band  dv  which  should  be  absorbed  except  that  the  radiation 
must  be  reasonably  nearly  monochromatic  in  order  to  account  for  the 
similarity  between  the  Wien  and  the  Arrhenius  equations.  To  calculate 
the  total  energy  available  in  the  radiation,  let  us  assume  that  all  energy 
of  wave  length  shorter  than  400  mm  can  be  used  for  activating  molecules. 
This  wave  length  corresponds  to  a  frequency  of  7.5  X  iou  per  second. 
By  integrating  the  expression  in  Equation  3  between  this  frequency  and 
infinity,  we  find  that  the  total  energy  radiated  from  a  black  body  at 
948 °  with  a  wave  length  less  than  400  mm  is  1.3  X  io~"5  erg  per  second 
per  sq.  cm.  This  is  only  3.  X  io~18  of  the  total  energy  radiated  (in  all 
wave  lengths)  at  this  temperature,  and  is  about  4  X  io10  times  less  than 
the  amount  of  radiant  energy  needed  to  cause  the  reaction  in  one  cubic 
cm.  of  phosphine  (465,000  ergs,  per  sec).  In  other  words,  a  black  body 
at  948 °  K.  (675  °  C.)  radiates  so  little  energy  in  the  neighborhood  of 
392  mm  that  this  energy  would  only  be  sufficient  to  activate  molecules  of 
phosphine  in  a  layer  having  a  thickness  not  greater  than  3  X  io~u  cm., 
even  if  all  the  radiation  were  absorbed  within  this  layer.  The  observed 
reaction  velocity,  therefore,  cannot  be  due  to  the  absorption  of  radiation 
of  the  wave  length  needed  to  account  for  the  observed  temperature  co- 
efficient. 

Another  fact  which  should  make  the  radiation  hypothesis  in  its  present 
form  untenable  is  that  the  decomposition  of  phosphine  is  not  brought 
about  at  measurable  rate  by  ordinary  daylight,  although  the  intensity  of 
blue  and  violet  light  in  daylight  is  enormously  greater  than  in  the  radiation 
from  a  body  heated  to  675  °  C. 

The  above  objections  to  the  radiation  hypothesis  apply  not  only  in  the 
case  of  the  dissociation  of  phosphine,  but  to  all  unimolecular  reactions. 


Digitized  by 


Google 


e-*>/kTdx  (5) 


2194  IRVING  UVNGMUIR. 

It  will  be  shown  by  Dr.  Dushman1  that  the  velocity  of  any  unimolecular 
reaction  is  given  by  the  expression 

*,-*-""".  (4) 

The  "frequency"  v  can  be  determined  experimentally  from  the  tem- 
perature coefficient  of  the  reaction  velocity.  The  "heat  of  activation"  is 
related  to  v  by  Equation  2. 

By  means  of  the  above  equation  we  can  now  test  the  radiation  hypothesis 
for  the  general  case.  Imagine  a  large  vessel,  bounded  by  plane  walls, 
which  contains  a  gas  undergoing  a  unimolecular  reaction.  According  to  the 
radiation  hypothesis,  each  molecule  which  reacts  absorbs  the  energy  hv  from 
the  black  body  radiation  having  a  frequency  approximately  equal  to  v. 
Let  us  consider  the  reaction  which  takes  place  within  a  very  short  dis- 
tance dx  of  one  of  the  plane  walls  of  the  vessel.  Since  the  number  of 
molecules  per  cc.  in  a  gas  is  p/kT  we  obtain  the  following  expression  for 
the  energy  required  to  activate  the  molecules  which  react  within  the  dis- 
tance dx  of  the  wall  (per  second  and  per  sq.  cm.  of  wall) 

phv* 
kT 

Let  us  now  calculate  how  much  energy  will  be  absorbed  by  the  gas 
within  dx  of  the  wall.  If  a  is  the  absorption  coefficient  of  the  gas  for  light 
of  the  frequency  v  the  total  energy  absorbed  by  the  gas  in  a  slab  of  thick- 
ness dx  is  2<xE9dvdx  where  E,  is  given  by  Equation  3.  The  coefficient  2 
comes  into  the  expression  because  part  of  the  radiant  energy  passes 
diagonally  through  the  slab  and  is,  therefore,  more  strongly  absorbed  than 
that  passing  normally.  Let  us  assume  that  the  gas  can  absorb  energy 
from  a  band  of  finite  width.  We  therefore,  place  dv  =*  fiv  where  /3  ex- 
presses the  width  of  the  band  as  a  fraction  of  the  corresponding  frequency. 
It  does  not  seem  reasonable  that  0  should  exceed  say  0.1.  The  total 
energy  absorbed  in  the  slab  (per  second  and  per  sq.  cm.)  is  thus: 

**£*  e-*'"  dx.  (6) 

By  equating  Expressions  5  and  6,  we  obtain  (in  C.G.S.  units) 

a/3  =  -^—    =  5.2  X  10"  -£-.  (7) 

This  expression  gives  the  absorption  coefficient  which  is  required  if 
radiation  is  to  supply  the  energy  for  the  activation  of  the  molecules. 
Assuming  a  reaction  in  which  the  heat  of  activation  is  100,000  calories 
(hence,  v  =  1.05  X  io16),  and  placing  p  =  io6  (one  atmosphere)  and 
T  =  1000 °,  we  obtain  afi  =  4.8  X  io8.     If  we  take  0  =  0.1,  this  gives 

1  A  short  abstract  covering  Dushman 's  theory  has  already  been  published  in  the 
/.  Franklin  Inst.,  April,  1920. 


Digitized  by  VjOOQIC 


RADIATION  IN  CHBMICAL  ACTION.  2195 

an  absorption  coefficient  of  5.  X  io9  per  cm.  In  other  words,  the  energy 
would  be  sufficient  only  for  a  gas  layer  of  the  order  of  io~10  cm.  in  thick- 
ness. If  we  should  choose  reactions  occurring  at  lower  temperatures  or 
having  lower  heats  of  activation,  we  see  by  Equation  7  that  the  absorp- 
tion coefficient  would  be  still  larger. 

Dissociation  of  Hydrogen. — The  experiments  on  the  dissociation 
of  hydrogen  into  atoms  which  were  carried  out  by  Mr.  G.  M.  J.  Mackay 
and  the  writer1  furnish  strong  evidence  that  this  reaction  is  not  caused 
by  the  absorption  of  radiation.  When  a  tungsten  filament  is  heated  to 
high  temperature  in  hydrogen,  the  heat  carried  away  by  the  gas  is  many 
times  greater  than  can  be  accounted  for  by  ordinary  heat  conduction  or 
convection. 

Tablb  I. 
Heat  Dissipation  from  Tungsten  Filaments  in  Hydrogen  in  Watts  per  Centimeter, 

Absolute  temperature,  °  K. 

2500.  3000.  3400. 

At  0.0  mm.  pressure: 

Wr,  heat  radiated 1 .92  4 .46  9  41 

At  50  mm.  pressure: 

W^  conduction  and  convection ...  6.5                     9.1  n.o 

Wd,  dissociation 12.5  48.0  107.0 

Ratio  Wd'.Wr 6.5                     10.7  11. 4 

At  750  mm.  pressure: 

Wc,  conduction  and  convection .. .  14.4  20.2  25.0 

Wdf  dissociation 6.3  29.0  69.0 

Ratio  Wd'.Wr 3  3                      6.5  7  3 

A  few  typical  results  are  summarized  in  Table  I,  which  gives  the  heat 
losses  from  a  tungsten  filament  of  0.0071  cm.  diameter  in  hydrogen  at  2 
pressures.  Wr  represents  the  total  energy  radiated  per  second,  Wc  the 
energy  carried  by  normal  heat  conduction  and  convection,  while  Wd 
gives  the  energy  carried  away  as  a  result  of  the  dissociation  of  the  gas. 

The  effect  of  the  dissociation  is  to  cause  a  transfer  of  heat  from  the  hot 
filament  to  the  walls  of  the  surrounding  vessel,  amounting  in  some  cases 
to  more  than  10  times  the  total  heat  radiated  from  the  filament. 

According  to  the  radiation  hypothesis,  the  dissociation  of  the  hydrogen 
is  produced  by  the  absorption  of  a  radiation  of  a  wave  length  of  approx- 
imately 325  ihjl.  It  is  clear,  however,  that  the  absorption  of  the  radiation 
from  the  filament  by  the  gas  cannot  be  made  to  account  for  an  increase 
in  the  heat  carried  from  the  filament.  In  fact,  such  absorption  must  de- 
crease the  heat  loss,  for  whatever  heat  is  absorbed  by  the  gas  in  causing 
dissociation,  will  be  reradiated  when  the  atoms  recombine,  and  some  of 
this  heat  will  thus  be  returned  to  the  filament,  while  if  there  is  no  absorp- 
tion, the  radiated  heat  travels  away  with  the  velocity  of  light. 
1  This  Journal,  36,  1708  (1914);  and  37,  417  (1915). 
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The  evidence  that  radiation  does  not  play  an  appreciable  part  in  the 
reaction  is  even  more  striking  when  we  consider  the  small  proportion 
of  radiation  present  in  the  shorter  wave  lengths.  Calculation  by  means 
of  Wien's  equation  indicates  that  of  the  total  energy  radiated  by  the 
filament,  only  the  following  fractions  are  of  wave  lengths  less  than  325  up- 
at  25000  K.  —  0.00006;  at  30000  K.  —  0.0006;  at  34000  K.  —  0.002. 
The  observed  rate  of  dissociation  is  thus  thousands  of  times  greater  than 
could  be  accounted  for  by  the  absorption  of  radiation  even  if  the  hydrogen 
absorbed  the  radiation  in  question  completely. 

It  may  be  objected  that  the  dissociation  of  hydrogen  takes  place  in 
contact  with  the  tungsten  filament  and  that  the  radiation  hypothesis  has 
not  usually  been  applied  to  reactions  involving  solid  bodies.  It  would 
seem,  however,  that  the  radiation  hypothesis  is  of  such  a  fundamental 
nature  that  if  true  for  gases  it  should  also  be  applicable  for  liquids  and 
*  solids.  Moreover,  the  difficulty  is  not  removed  even  in  this  way,  for 
although  the  dissociation  occurs  in  contact  with  the  solid,  the  recom- 
bination certainly  takes  place  in  the  gas  phase,  and  this,  on  the  basis  of 
the  radiation  hypothesis,  would  produce  a  radiation  of  an  intensity  greater 
,  than  that  of  a  black  body  at  the  same  temperature.  This  result  for  an 
endothermic  reaction,  is  in  conflict  with  the  principles  of  thermodynamics. 

Dissociation  of  Iodine. — Isnardi1  has  studied  the  heat  conductivity 
of  iodine  vapor  in  contact  with  a  heated  platinum  wire  having  an  effective 
surface  of  0.25  sq.  cm.  With  the  wire  at  10800  K.,  the  total  energy 
carried  by  normal  conduction  corresponded  to  0.70  watt,  while  that 
caused  by  dissociation  (Wd)  amounted  to  3.49  watts.  These  results  were 
obtained  by  subtracting  the  radiated  energy  from  the  total  energy  loss, 
but  Isnardi  does  not  give  the  amount  of  this  correction.  The  radiation 
from  a  black-body  surface  of  0.25  sq.  cm.  at  10800  K.  is  1.95  watts.  Since 
platinum  at  this  temperature  radiates  about  11%  as  much  as  a  black 
body,  the  radiation  in  Isnardi's  experiments  must  have  been  about  0.2 
watt.  The  heat  carried  from  the  wire  by  the  dissociation  was  thus  about 
17  times  greater  than  the  total  heat  radiated  from  the  wire. 

Dissociation  of  Nitrogen  Peroxide. — Necnst2  developed  a  quantita- 
tive theory  of  heat  conduction  in  dissociating  gases  and  applied  it  to 
experimental  data  obtained  by  Magnanini  for  the  heat  conductivity  of 
nitrogen  peroxide  at  various  temperatures.  At  1900  C.  the  nitrogen 
peroxide  is  practically  completely  dissociated  into  nitrogen  dioxide,  and 
the  heat  conductivity  is  about  the  same  as  that  of  carbon  dioxide,  but 
at  40  °,  where  the  degree  of  dissociation  is  only  about  30%,  the  heat 
conductivity  is  greater  than  that  of  hydrogen  and  is  about  6.7  times  as 
great  as  at  the  higher  temperature.     The  experimental  results  furnish 

1  Isnardi,  Z.  Elektrochem.,  21,  405  (1915). 

*  "Boltzmann-FestscUrift,"  p.  904,  Leipzig,  1904. 
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quantitative  confirmation  of  Nernst's  theory,  which  treats  the  problem 
as  involving  dissociation  of  the  gas  in  a  hot  region  and  diffusion  of  the 
dissociation  products  to  a  cold  region,  where  recombination  takes  place. 
The  following  analysis  will  make  it  clear  that  the  observed  facts  are  in 
radical  disagreement  with  the  radiation  hypothesis. 

According  to  the  data  given  by  Nernst,  the  heat  conductivity  k  of  nitro- 
gen peroxide  at  400  is  0.00041  calorie  per  cm.  sec.  degree.  Of  this,  the 
conductivity  0.00037  is  due  to  the  dissociation,  while  0.00004  is  ordinary 
heat  conduction.  Let  us  consider  2  parallel  plane  surfaces  one  cm. 
apart,  differing  in  temperature  by  one  degree  and  having  an  average  tem- 
perature of  40  °.  If  the  space  between  the  planes  is  filled  with  nitrogen 
peroxide,  0.00037  calorie  per  sq.  cm.  per  sec.  will  pass  across  the  space 
because  of  the  dissociation.  This  corresponds  to  0.00155  watt  per  sq. 
cm.  According  to  the  Stefan-Boltzmann  law,  the  total  heat  transferred 
by  radiation  should  be  0.00070  watt  per  sq.  cm.,  which  is  less  than  half  of 
that  caused  by  the  dissociation. 

If  the  medium  between  the  2  plane  surfaces  does  not  absorb  radiation, 
the  heat  transferred  by  radiation  is  independent  of  the  distance  between 
the  surfaces,  although  the  heat  conducted  is  inversely  proportional  ta 
this  distance.  When  the  medium  absorbs  the  radiation,  as  it  must, 
according  to  the  radiation  hypothesis,  if  a  chemical  reaction  takes  place, 
the  transfer  by  radiation  also  varies  inversely  as  the  distance  between  the 
planes.  Let  us  calculate  how  much  heat  can  flow  in  this  way.  The  prob- 
lem involves  the  multiple  scattering  of  heat  rays. 

Consider  the  radiation  of  heat  between  2  parallel  plane  surfaces  having 
a  gas  between  them  which  absorbs  heat  in  accordance  with  the  radiation 
hypothesis.  For  example,  consider  a  dissociating  gas  in  which  the  reac- 
tion velocity  is  so  high  that  chemical  equilibrium  prevails  at  every  point 
in  the  gas.  The  absorption  of  the  radiation  causes  the  dissociation,  while 
the  recombination  must  produce  an  equal  emission  of  radiation  of  the 
same  wave  length.  Under  these  conditions  the  radiation  of  heat  from 
molecule  to  molecule  becomes  strictly  analogous  to  the  energy  carried 
between  molecules  in  heat  conduction  in  gases.  We  are  thus  justified  in 
saying  that  the  average  distance  that  the  heat  rays  travel  before  being 
absorbed  is  i/a  where  a  is  the  absorption  coefficient.  The  distance  i/a 
corresponds  to  the  mean  free  path  of  the  molecules.  Similarly,  the  radia- 
tion which  arrives  at  any  point  may  be  considered  as  having  come  from 
a  point  at  the  average  distance  i/a. 

Let  us  choose  a  coordinate  system  in  which  the  flow  of  heat  takes  place 
parallel  to  the  X  axis,  so  that  the  planes  YZ  are  isothermal  surfaces.  Let 
T  be  the  temperature  at  a  plane  having  the  coordinate  x.  Consider  the 
radiation  passing  through  a  unit  area  of  this  plane  in  a  direction  making 
an  angle  0  with  the  X  axis.    Since  i/a  is  the  effective  distance  from 
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which  this  radiation  comes,  ,we  may  take  the  temperature  of  its  source 
as  being 

T dT    cos  0 

dx  '     a 
Let  R  be  proportional  to  the  heat  radiated  by  a  unit  area  of  a  black  body 
at  the  temperature  T.    Then  the  energy  in  the  radiation  considered  is 

R-—     —  c— 
dT  "  dx      a 

The  spherical  angle  from  which  this  radiation  falls  on  the  unit  area  is 
proportional  to  sin  O.dO  and  the  energy  that  can  pass  through  this  unit  area 
is  proportional  to  cos  0.  Hence  the  total  flux  of  radiation  through  the  unit 
area  is 


/„       dR     dT     cos  d\    .    A 

dw  =  [R  —  —  .  —  .  )  sin  0  cos  0  dd. 

\         dT     dx        a  / 


(8) 


The  total  flux  obtained  by  integrating  this  expression  from  0  =  o  to 

0  =  tt/2  and  placing  dT/dx  =  o  must  equal  the  energy  radiated  per  unit 

area  per  second  from  a  black  body  at  the  temperature  T.    If  we  call 

this  quantity  Wi  we  find  Wi  =  2R.    By  integrating  from  o  to  t  we  obtain 

w=2_d^dT==£dWidr  M 

3*  dT  '  dx       3a   dT   dx'  (9) 

This  represents  the  rate  at  which  heat  flows  between  the  2  parallel  sur- 
faces. Since  it  depends  on  the  temperature  gradient  between  the  planes 
rather  than  the  temperature  difference,  the  flow  of  heat  follows  the  laws 
of  heat  conduction.  The  coefficient  of  heat  conductivity  due  to  this 
scattered  radiation  is 

Kr   =    =    —     -.  (IO) 

dT/dx      3a  dT 

In  this  equation  dWi/dT  represents  the  heat  flow  per  sq.  cm.  per  second 

between  2  surfaces  differing  by  one  degree  in  temperature  when  there  is 

no  absorbing  medium  between  the  plates.     With  surfaces  separated  by 

the  distance  x  and  with  the  absorbing  gas  between  them,  the  rate  of  heat 

flow  will  be  Kr  -r-  x  or  —  dWi/dT.    Thus  with  surfaces  one  cm.  apart 

3°& 
and  with  an  absorption  coefficient  of  1000,  the  effect  of  the  gas  would  be  to 
decrease  the  flow  of  radiant  energy  in  the  ratio  3000 : 4.    Of  course  the  above 
equation  must  be  applied  only  to  that  part  of  the  radiation  which  is 
strongly  absorbed. 

We  have  already  seen  that  to  account  for  chemical  reactions  on  the 
basis  of  the  radiation  hypothesis  it  is  necessary  to  assume  very  large  val- 
ues for  the  absorption  coefficient  and  the  existence  of  relatively  broad 
absorption  bands.     From  the  foregoing  reasoning  it  is  apparent  that  this 
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must  lead  to  a  marked  decrease  in  the  heat  that  can  be  transferred  through 
the  gas.  It  is  evident,  then,  that  if  chemical  reactions  take  place  in  accord- 
ance with  the  radiation  hypothesis,  dissociation  of  a  gas  should  decrease 
rather  than  increase  the  total  heat  flow.  Even  if  it  be  admitted  that 
part  of  the  heat  may  be  carried  by  the  diffusion  and  subsequent  recombina- 
tion of  the  dissociation  products,  there  will  still  be  less  heat  flow  than  if 
the  energy  had  been  radiated  through  the  gas  instead  of  having  been 
absorbed.  It  would  seem  that  the  only  increase  of  heat  conductivity  in 
a  dissociating  gas  which  would  be  consistent  with  the  radiation  hypothesis 
is  that  due  to  the  increased  heat  conductivity  of  the  dissociation  products 
resulting  from  their  lower  molecular  weight.  This  should  never  cause 
an  increase  of  more  than  about  40%,  whereas  experimental  values  show 
several-fold  increase. 

Discussion. 

The  evidence  of  the  preceding  pages  seems  to  prove  beyond  question 
that  the  energy  involved  in  chemical  reactions  is  not  in  general  derived 
from  the  absorption  of  radiant  heat  or  light.  Must  we  then  consider 
that  the  similarity  between  the  Wien  relation  law  and  the  Arrhenius  equa- 
tion is  a  mere  coincidence,  and  how  are  we  to  explain  the  fact  that  in  a 
unimolecular  reaction  the  velocity  is  independent  of  the  collision  frequency? 

Among  any  large  number  of  molecules  in  thermal  equilibrium  at  the 
temperature  T  the  probability  P  that  a  given  molecule  shall  have  the 
energy  £  or  an  energy  lying  between  E  and  E  +  6E  is  qiven  by 

p  =  ce-E/k\  (11) 

where  c  is  either  independent  of  the  temperature  or  varies  with  the  tem- 
perature at  a  rate  which  is  negligible,  compared  with  the  variation  of 
the  exponential  factor.  Maxwell's  distribution  law  of  molecular  velocities 
is  a  special  case  of  the  above  statistical  law  applying  to  kinetic  energy. 
The  equation  also  holds  for  potential  energy  of  position  and  for  internal 
energy  of  molecules,  even  under  conditions  where  the  equipartition  law 
is  not  applicable.  Einstein1  has  shown,  for  example,  that  the  Planck 
radiation  equation  may  be  derived  by  a  very  simple  method  from  a  fun- 
damental statistical  law  of  the  above  type. 

It  would  seem,  therefore,  that  the  similarity  in  form  between  the  Arr- 
henius and  the  Wien  equations  may  very  probably  be  due  to  the  depend- 
ence of  both  of  these  relations  upon  the  statistical  laws.  In  fact,  the  Arr- 
henius equation  follows  directly  from  Equation  1 1  if  we  assume  that  the 
chance  that  a  given  molecule  will  undergo  a  chemical  reaction  is  propor- 
tional to  the  probability  that  it  contains  a  specified  amount  of  energy. 
The  exponential  factor  e~~E/k*  gives  the  fraction  of  the  molecules  which 
have  an  energy  in  excess  of  E  and  which  may  thus  be  called  "active" 
molecules.  This  factor,  however,  is  a  pure  number  and  does  not  involve 
1  A.  Einstein,  Physik.  Z.,  18,  121  (1917). 
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time.  The  velocity  of  a  unimolecular  reaction  is  measured  by  (i/n)  dn/di 
where  dn  is  the  number  of  molecules  which  react  in  the  time  6i  and  n  is 
the  total  number  of  molecules  of  the  reacting  substance.  This  quantity  has 
the  dimensions  of  a  frequency.  The  velocity  of  a  reaction  may  thus  be 
expressed  by 

**  -  h  %  -  "°e~E"">  <I2> 

n  at 
where  vQ  is  a  frequency  (dimensions  t~l)  characteristic  of  a  particular 
reaction,  but  which  is  at  least  approximately  independent  of  the  tem- 
perature. 

In  interpreting  this  equation  we  must  keep  in  mind  that  Equation  n, 
upon  which  it  is  based,  depends  upon  the  assumption  of  thermal  equil- 
ibrium. In  order  that  Equation  12  may  hold,  it  is,  therefore,  necessary 
that  the  number  of  molecules  which  dissociate  per  second  shall  be  very 
small  compared  to  the  number  that  become  active.  The  active  molecules 
must  thus  remain  active  for  only  very  short  periods  of  time.  Let  r  be  the 
average  duration  of  these  periods. 

There  are  2  types  of  mechanism  which  may  underlie  Equation  12. 

I.  We  may  assume  that  vQ  represents  the  rate  of  dissociation  of  the 
active  molecules.  Thus  vQdt  is  the  chance  that  a  given  active  molecule 
will  dissociate  in  the  time  d/.  As  we  have  seen,  however,  the  chance  that 
any  molecule  will  dissociate  during  any  single  period  of  activity  must  be 
very  small.    Therefore,  vQr  must  be  small  compared  to  unity  or 

t<<i/f0.  (13) 

II.  We  may  assume  that  a  regular  periodic  phenomenon  of  frequency 
vQ  is  taking  place  in  all  molecules,  so  that  there  are  vQ  * 'crises'1  in  each 
molecule  per  second.  Whenever  a  crisis  occurs  in  an  active  molecule  dis- 
sociation results.  The  chance  that  a  crisis  shall  occur  during  any  single 
period  of  activity  of  a  molecule  is,  in  this  case  also,  equal  to  v0r  so  that 
the  condition  of  Equation  13  must  be  fulfilled. 

To  obtain  a  more  concrete  conception  of  the  mechanism  of  a  unimolecular 
reaction,  let  us  consider  again  the  dissociation  of  phosphine  at  948  °  K., 
at  which  temperature  the  velocity  of  the  reaction  is  0.012  per  second. 
Taking  the  heat  of  activation  as  73,000  calories  per  g.  molecule,  we  find 
that  the  exponential  factor  of  Equation  12  is  equal  to  1.6  X  io~17,  and 
therefore,  since  k\  =  0.012,  the  value  of  v0  is  7.5  X  io14.  It  follows, 
then,  from  (13),  that  r,  the  average  period  of  activity,  must  be  very  small 
compared  to  1.3  X  io~15  seconds.  At  atmospheric  pressure  each  mole- 
cule of  phosphine  makes  only  4.2  X  io9  collisions  per  second  with  other 
molecules.  The  average  time  between  collisions  is  thus  2.4  X  io~10  sec- 
onds. In  other  words,  the  duration  of  a  free  path  is  many  millions  of 
times  greater  than  the  period  during  which  the  molecules  remain  active. 
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It  is  natural,  then  that  the  rate  of  reaction  should  not  be  dependent  upon 
the  number  of  collisions.  This  result  may  also  be  reached  in  the  following 
manner. 

Suppose  we  should  assume  that  the  activation  of  molecules  is  brought 
about  only  by  collisions.  Since  the  proportion  of  active  molecules  is 
given  by  the  exponential  factor  whose  value  is  1.6  X  io"17,  it  follows  that 
the  only  one  collision  out  of  6.2  X  io16  could  result  in  the  formation  of 
an  active  molecule.  But  each  molecule  makes  only  4.2  X  io9  collisions 
per  second,  so  that  it  would  become  active  only  once  every  1.5  X  io7 
seconds  (170  days).  The  average  life  of  a  molecule  of  phosphine  is,  how- 
ever, only  83  seconds  (the  reciprocal  of  the  reaction  velocity).  The  equi- 
librium between  active  and  inactive  molecules  must  therefore  be  brought 
about  enormously  more  rapidly  than  is  possible  by  the  direct  action  of 
collisions. 

This  brings  us  face  to  face  with  a  fundamental  difficulty.  It  is  generally 
assumed  that  the  activation  of  a  molecule  depends  on  the  acquisition  of 
an  amount  of  energy  corresponding  to  the  heat  of  activation.  In  the  case 
of  the  dissociation  of  an  elementary  gas  into  atoms,  the  heat  of  activa- 
tion has  been  found  to  be  equal  to  the  heat  of  dissociation.  The  question 
arises,  How  does  the  molecule  acquire  this  energy?  We  have  just  seen 
that  by  means  of  collisions  at  948  °  K.  the  molecule  of  phosphine  can 
receive  enough  energy  for  activation  only  once  every  170  days.  Since 
the  actual  life  of  the  molecule  is  very  short  compared  to  this,  it  is  evident 
that  the  molecules  which  do  dissociate  must  have  acquired  the  energy  for 
activation  subsequently  to  their  last  collisions.  We  have  already  proved 
that  the  radiant  energy  (assuming  full  black-body  radiation)  is  millions 
of  times  too  small  to  supply  the  energy  needed  for  the  dissociation.  This 
discrepancy  is  further  magnified  when  we  consider  that  the  number  of 
molecules  which  become  active  per  second  must  be  much  greater  than  the 
number  which  dissociate.  The  radiation  hypothesis,  therefore,  does  not 
help  us  out  of  the  difficulty. 

Unless  we  are  to  assume  some  new  and  unknown  agency  by  which 
energy  may  be  transmitted  to  isolated  molecules,  or  are  willing  to  renounce 
the  conservation  of  energy,  it  seems  necessary  to  conclude  that  each 
molecule  must  contain  within  itself  the  energy  required  for  its  own  dis- 
sociation. This  must  be  true  no  matter  what  the  temperature  may  be. 
We  are  thus  forced  to  assume  a  "Nullpunktsenergie"  or  zero  temperature 
energy.  The  difference  between  the  active  and  inactive  molecules  is  thus 
not  one  of  total  energy  content,  but  lies  rather  in  the  availability  of  the 
internal  energy  for  the  purposes  of  chemical  action.  The  exponential 
factor  of  Equations  1 1  and  12  must  then  represent  the  probability  that  the 
energy  is  in  a  form  that  renders  the  molecule  active. 

We  must  thus  conceive  of  a  thermal  equilibrium  between  the  electrons 
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or  other  parts  of  a  molecule,  brought  about  by  the  collisions  between 
molecules.  This  thermal  agitation  inside  the  molecule  will  presumably 
be  governed  by  statistical  laws  and  by  quantum  relations  and  will  not 
even  approximately  be  in  accord  with  the  equipartition  law,  and,  therefore, 
the  energy  will  be  relatively  small  in  amount.  The  distribution  of  this 
energy  among  the  different  parts  of  the  molecule  determines,  however, 
the  availability  of  the  comparatively  large  store  of  zero  temperature  or 
latent  energy  within  the  molecule.  According  to  this  view  it  is  not  sur- 
prising that  t,  the  period  dining  which  molecules  remain  active,  should 
be  small  even  when  compared  to  io~~16  seconds. 

As  far  as  I  am  aware,  the  above  reasoning  has  not  previously  been 
applied  to  chemical  reactions,  although  it  resembles  in  many  points  some 
of  the  physical  theories  of  radiation,  photoelectric  effect,  etc.  For  ex- 
ample, in  the  theory  of  heat  radiation  it  has  been  necessary  to  conceive 
of  temperature  as  applying  to  the  oscillations  of  single  electrons  in  atoms. 
The  velocity  of  electrons  emitted  in  the  photoelectric  effect  is  independent 
of  the  intensity  of  the  light,  so  that  it  has  seemed  necessary  to  assume, 
at  least,  for  low  intensities,  that  the  energy  must  have  resided  in  the  atom, 
and  that  the  effect  of  the  light  is  to  render  the  energy  available  to  the  elec- 
tron by  some  sort  of  trigger  action.  In  this  case,  radiation  plays  a  part 
analogous  to  that  of  the  collisions  in  chemical  reactions.  Thus  in  the 
photoelectric  effect,  the  energy  of  the  electron  emitted  by  any  atom  may 
be  very  great  compared  to  the  radiant  energy  absorbed  by  that  atom, 
although  the  total  energy  of  the  electrons  emitted  by  any  large  surface 
is  always  less  than  the  toal  radiant  energy  absorbed.  Similarly,  in  a 
chemical  reaction,  the  energy  required  to  activate  a  molecule  may  be 
very  great  compared  to  the  energy  that  is  transferred  to  that  molecule  by 
a  collision,  although  the  total  energy  required  for  the  chemical  reaction  in 
a  mass  of  gas  is  always  less  than  the  total  energy  that  is  transferred  by 
collisions,  but  is  usually  enormously  greater  than  the  total  energy  trans- 
ferred by  radiation.  Both  in  the  photoelectric  effect  and  in  chemical 
reactions,  it  is  necessary  to  assume  a  kind  of  trigger  action  by  which  an 
energy  of  low  intensity  is  able  to  control  the  disposition  of  an  energy  of 
high  intensity. 

The  difficulties  of  explaining  the  photoelectric  effect  have  seemed  nearly 
insuperable.  Planck  and  later,  Nernst,1  have  assumed  a  "Nullpunktsen- 
ergie"  in  order  to  help  explain  this  and  other  phenomena.  The  concep- 
tion of  Nernst  bears  many  resemblances  to  that  which  has  been  developed 
in  the  present  paper.  Nernst  assumes,  however,  that  the  zero  temper- 
ature energy  owes  its  origin  to  a  zero  temperature  radiation  of  great  in- 
tensity which  passes  through  all  bodies  without  absorption,  except  insofar 
as  it  can  be  rendered  available  by  a  trigger  action  depending  upon  certain 
1  Verh.  deut.  Physik.  Ges.,  18,  83  (1916). 
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thermal  changes  in  bodies.  It  hardly  seems  necessary  to  assume  this  zero 
temperature  radiation  to  explain  chemical  reactions.  But  by  doing  so, 
we  would  have  a  new  radiation  hypothesis  for  chemical  action  which  would 
be  free  from  the  objections  that  we  have  raised  against  the  old  one. 

As  an  illustration  of  the  difficulties  that  have  arisen  in  connection  with 
the  photoelectric  effect,  I  may  refer  to  a  recent  paper  by  D.  L.  Webster,1 
in  which  it  is  proposed  to  abandon  the  conservation  of  energy  except  as 
a  statistical  result,  in  order  to  explain  some  of  these  difficulties.  Web- 
ster's reasoning  can  be  applied  with  nearly  equal  force  to  the  case  of  chem- 
ical reactions,  but  it  seems  that  the  assumption  of  a  zero  temperature 
energy  which  we  have  made  above  is  preferable  to  an  abandonment  of 
the  conservation  of  energy.  The  problem,  however,  is  by  no  means 
solved,  but  it  seems  probable  that  the  final  solution  will  clear  up  both  the 
chemical  and  the  photoelectric  problem. 

.  The  similarity  between  the  Wien  radiation  law  and  the  Arrhenius  reac- 
tion velocity  law  is  in  many  respects  analogous  to  the  relation  between 
the  laws  of  photoelectric  and  thermionic  electron  emission.  It  has  been 
found  by  Richardson  that  the  thermionic  emission  from  a  heated  body 
increases  with  the  temperature  according  to  an  equation  similar  to  the 
Wien  or  Arrhenius  equation.  Also  he  found  that  the  distribution  of 
velocities  among  the  electrons  is  given  by  Maxwell's  distribution  law. 
On  the  other  hand,  the  number  of  photoelectrons  emitted  is  proportional 
to  the  intensity  of  the  light  and  the  energy  of  the  electrons  is  proportional 
to  the  frequency  of  the  light.  But  if  we  let  the  total  radiation  from  a 
heated  black  body  fall  on  a  metal,  the  number  of  photoelectrons  emitted 
should  increase  with  the  temperature  of  the  black  body  in  accord  with 
Wien's  equation,  and  the  energy  of  the  electrons  should  increase  in  pro- 
portion to  the  temperature,  and  thus  in  accord  with  Maxwell's  law,  be- 
cause the  average  frequency  of  the  light  from  a  black  body  increases  in 
proportion  to  the  temperature.  As  a  matter  of  fact,  A.  Becker2  has 
recently  shown  that  the  distribution  of  velocities,  as  well  as  the  most 
probable  velocity,  among  the  photoelectrons  emitted  from  any  substance 
as  a  result  of  illumination  by  black-body  radiation  (temperature  T)  is 
the  same  as  that  found  among  the  electrons  emitted  by  thermionic  emis- 
sion when  the  emitting  body  has  the  temperature  T.  It  is  thus  natural 
to  assume  that  the  thermionic  emission  from  a  heated  body  is  caused  by 
the  photoelectric  effect  of  the  radiation  emitted  by  the  body.  Experi- 
ments show,  however,  that  the  number  of  electrons  emitted  thermionically 
is  of  the  order  of  a  million  times  greater  the  number  that  can  be  produced 
by  the  photoelectric  effect  from  black-body  radiation  of  corresponding 

1  Phys.  Rev.,  26,  31  (1920). 
*  Ann.  Physik.,  60,  30  (19 19). 
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temperature.1  This  result  is  probably  closely  related  to  the  fact  that 
chemical  action  follows  laws  similar  to  those  of  radiation,  but  the  amount 
of  chemical  action  is  millions  of  times  greater  than  can  be  explained  by 
radiation. 

Summary. 

In  order  to  account  for  the  close  similarity  between  the  Arrhenius  equa- 
tion for  the  velocity  of  chemical  reactions  and  the  Wien  radiation  law, 
and  also  to  explain  the  fact  that  the  velocities  of  unimolecular  reactions 
cannot  be  dependent  upon  the  number  of  collisions  between  molecules,  it 
has  been  proposed  by  Trautz,  Wm.  McC.  Lewis,  Perrin,  and  others,  that 
molecules  can  take  part  in  chemical  reactions  only  after  they  have  become 
activated,  and  that  this  activation  is  brought  about  by  the  absorption  of 
a  nearly  monochromatic  radiation.  There  seems  to  be  ample  evidence 
in  support  of  the  activation  of  molecules,  but  the  radiation  hypothesis,  by 
which  this  activation  depends  upon  the  absorption  of  radiation,  does  not 
rest  upon  such  a  firm  foundation. 

There  are  two  decisive  tests  of  the  validity  of  the  radiation  hypothesis: 
(i)  the  reacting  substance  must  absorb  radiation  of  the  frequency  required 
to  produce  activation,  and  there  must,  therefore,  be  an  absorption  band 
which  includes  this  frequency;  (2)  the  total  amount  of  radiant  energy 
absorbed  must  be  sufficient  to  supply  the  known  heat  of  activation  to  the 
molecules  which  react. 

Examination  of  the  available  data  indicates  that  there  is  little  evidence 
that  absorption  bands  occur  which  include  the  frequency  corresponding 
to  the  activation.  Thus  in  the  dissociations  of  the  following  substances, 
phosphine,  nitrous  oxide,  nitric  oxide,  phosgene,  and  the  vapors  of  phos- 
phorus and  arsenic,  the  activation  frequencies  lie  within  the  range  of 
the  visible  spectrum,  but  the  fact  that  the  gases  are  all  colorless  proves 
that  there  are  no  absorption  bands  in  this  region. 

An  analysis  of  the  experimental  data  on  the  velocity  of  dissociation  of 
phosphine  proves  that  the  energy  actually  required  for  activation  in  one 
cc.  at  948  °  K.  is  4  X  io10  times  greater  than  the  amount  that  can  be 
supplied  by  radiation  from  one  sq.  cm.  of  surface  at  948  °  K.     Further- 

1  Richardson,  Becker  and  others  have  given  evidence  of  this  kind.  In  19 12  I 
made  some  very  careful  experiments  (unpublished)  to  see  whether  photoelectric  emission 
from  tungsten  could  explain  the  thermionic  emission.  Tungsten  filaments  were  heated 
nearly  to  their  melting-point  in  highly  evacuated  bulbs  immersed  in  liquid  air.  The 
vaporized  tungsten  produced  an  exceptionally  high  vacuum  as  a  result  of  the  clean- 
up effect,  and  formed  an  opaque  conducting  film  on  the  glass  which  was  made  to  serve 
as  a  gas-free  electrode  for  collecting  electrons  emitted  thermionically  or  for  emitting 
photoelectrons.  The  photoelectric  effect  of  the  light  from  the  filament  on  the  dean 
film  of  distilled  tungsten  was  easily  detected,  and  increased  with  the  temperature  in 
the  manner  expected,  but  the  magnitude  of  the  photoelectric  currents  was  of  the  order 
of  one-millionth  of  the  corresponding  thermionic  currents. 
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more,  when  the  intensity  of  the  radiation  in  question  is  increased  enor- 
mously (as  by  using  daylight),  the  reaction  velocity  does  not  show  a  cor- 
responding increase. 

Experiments  with  nitrogen  peroxide,  hydrogen,  and  iodine  vapor  have 
proved  that  the  heat  conductivity  of  dissociating  gases  is  many  times 
greater  than  that  of  similar  gases  which  do  not  dissociate.  The  increase 
in  heat  loss  from  small  wires,  due  to  the  dissociation  of  a  surrounding  gas, 
is  often  more  than  10  times  the  total  energy  radiated  from  the  wire.  On 
the  basis  of  the  radiation  hypothesis,  however,  the  dissociation  entails  an 
absorption  of  radiation  and  thus  could  produce  only  a  decrease  in  the  heat 
lost  from  the  filament.  These  experiments  furnish  conclusive  evidence 
against  the  radiation  hypothesis. 

The  similarity  between  the  Arrhenius  and  the  Wien  equation  thus  re- 
sults from  the  fact  that  both  reaction  velocity  and  radiation  are  fun- 
damentally dependent  upon  phenomena  involving  probability.  Both 
equations  can  be  derived  from  the  same  statistical  law.  It  is  shown  that 
the  energy  for  the  activation  of  molecules  must  be  derived  from  internal 
energy  of  the  molecules.  This  conclusion  involves  certain  very  funda- 
mental difficulties,  but  it  is  shown  that  these  are  of  the  same  nature  as 
those  that  are  encountered  in  the  theory  of  the  photoelectric  effect,  ther- 
mionic emission,  and  other  phenomena  involving  quantum  relations. 

SCHINECTADV,    N.    Y. 


fforty-second  contribution  from  the  color  laboratory,  u.  s.  bureau  of 

Chemistry.] 

THE  INDEPENDENT  ORIGIN  OF  ACTINIUM. 

By  Elliot  Quincy  Adams. 

Received  August  27,   1920. 

Actinium  has  been  shown1  to  be  derived  from  AntonofFs  "uranium  Y," — 
isotopic  with  uranium  Xi  (and  thorium) — through  a  long-lived  interme- 
diate variously  known  as  uranium  Z,  eka-tantalum  and  protactinium. 
This  element,  as  the  second  name  indicates,  is  homologous  to  tantalum 
and  is  isotopic  only  with  brevium  (uranium  X2).  The  production  of 
uranium  Y  from  chemically  pure  uranium  shows  that  it  must  be  derived 
by  an  a-ray  transformation  from  uranium  or  an  isotope  of  uranium. 
Hahn  and  Meitner2  believe  that  Honigschmid's  value  (206.05)  for  the 
atomic  weight  of  uranium-lead  proves  uranium  Y  to  be  derivedfrom uranium 
II,  since  3%  of  actinum-lead  of  atomic  weight  210  (if  uranium  Y  were 
derived  from  uranium  I)  would  raise  the  mean  to  206.12.     The  suggestion 

1  Frederick  Soddy  and  John  A.  Cranston,  Proc.  Roy.  Soc.  94A,  384-404  (191 8); 
Otto  Hahn  and  Lise  Meitner,  Ber.,  52B,  1812-28  (1919);  Pkysik.  Z.,  20,  529-33  (1919). 
*Loc.  cit 
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of  Piccard1  that  uranium  Y  is  derived  from  actino-uranium,  an  isotope  of 
uranium,  has  been  held  by  Soddy  and  Cranston2  to  involve  the  assump- 
tion that  the  periods  of  uranium  I  and  actino-uranium  must  be  the  same. 

This  assumption  is  by  no  means  necessary,  as  the  following  considera- 
tions will  show.  For  the  actinium-uranium  ratio  to  remain  constant  with 
.  respect  to  time  would,  indeed,  require  equality  of  period  of  uranium  I  and 
actino-uranium.  The  experimental  results,  however,  do  not  show  con- 
stancy with  respect  to  time;  they  demonstrate  approximate  constancy 
with  respect  to  place.  If  the  isotopes  were  thoroughly  mixed  before  the 
beginning  of  the  geologic  history  of  the  earth,  and  if  neither  of  them  has 
since  been  supplied  from  another  source  (as  the  disintegration  of  an  un- 
known radio-element  of  comparable  period),  their  ratio  should  be  the 
same  everywhere  on  the  earth  at  any  time,  but  should  everywhere  change 
progressively  at  a  rate  dependent  on  the  difference  in  period  of  the  2  iso- 
topes. The  enormous  periods  make  the  detection  of  such  a  "secular 
change"  in  the  ratio  a  matter  of  extreme  difficulty. 

By  analogy  with  uranium-lead  (206.00)  and  thorium-lead  (208.00), 
actinum-lead  should  have  an  atomic  weight  of  207,  giving  for  (uranium 
+  3%  actinium) -lead  a  mean  value  of  206.03,  which  agrees  well  with 
Honigschmid's  206.05,  particularly  as  the  presence  of  thorium-lead  or  any 
ordinary  lead  would  make  the  experimental  figures  too  high. 

The  relation  between  the  3  series  is  shown  in  the  table.  For  the  sake 
of  symmetry  the  actinium  series  begins  with  a  hypothetical  0-ray  element 
of  valence  5.  Since  the  longest-lived  of  the  known  0-ray  elements,  radium 
D,  has  a  half-period  of  only  24  years,  the  assumed  element  must,  ages 
ago,  have  disintegrated  quantitatively  to  form  actino-uranium.  The  table 
gives  the  atomic  weight  and  valence  of  each  element  and  the  type  of 
radiation  given  out  in  each  transformation.  The  2  sub-groups  of  the 
Mendeleeff  table  are  indicated  by  the  letters  A  and  B.  The  names  "radium 
emanation,"  "actinium  emanation* '  and  "thorium  emanation"  have  been 
shortened,  respectively,  to  "radon,"  "actinon"  and  "thoron,"  names 
which  suggest  that  the  element  in  question  is  an  inert  gas.3  The  valences 
given  in  black-faced  type  point  out  the  return  to  the  original  valence 
after  3  transformations  and,  with  change  from  the  A  to  B  sub-group, 
after  7  more  transformations.  The  valences  given  in  italics  show  a  sim- 
ilar repetition  of  the  valence  IV,  3  and  10  steps  before  the  final  product 
(lead). 

Since  each  line  represents  a  step  in  the  disintegration,  where  both  o- 

1  A.  Piccard,  Arch.  Set.  Phys.  Nat.  [4],  44,  161  (1917). 

1  Loc.  cit. 

•  The  name  "niton"  suggested  by  Ramsay  fails  to  show  the  relation  of  the  element 
to  radium.  It  might  be  weU,  similarly,  to  change  "helium"  to  "helion."  The  former 
name  was  given  by  Lockyer  to  what  he  believed  to  be  a  metallic  element  in  the  sun. 
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and  0-changes  occur  with  the  same  element  the  products  will  be  given 
together  on  the  line  below,  the  one  occurring  in  smaller  amount  being  in 
parenthesis.  It  will  be  noted  that  radium  D  is  given  as  the  common 
product  of  radium  C  and  radium  C«,  thorium-lead  as  the  common  product 
of  thorium  C  and  thorium  D,  etc.  While  such  identity  has  not  been 
proved, — and  indeed  could  be  proved  only  in  the  first  instance,  until 
means  are  perfected  for  detecting  and  separating  non-radioactive  iso- 
topes,— it  seems  unreasonable  to  assume  unnecessarily  the  possibility  of 
isotopes  of  the  same  atomic  weight.  No  instance  of  such  elementary 
isomerism  has  yet  been  established.1 

Tablb  I. 

Uranium  series.  Actinium  series.  Thorium  series. 

238   VI A    Uranium  I        .  /.  

a. 

234  IV  A   Uranium  Xi     ...  

0 

234  V  A     Uranium  Xi  235    V  A      (hypothetical)         ...  

0  (* 

234  VI A    Uranium  II      235  VI A    Actino-uranium      ...  

a  a 

230  IV  A  Ionium  231  IV  A    "Uranium  Y"         232    IV  A    Thorium 

a  0  a 

226  II A    Radium  231  VA      Protactinium  228    II A     Mesothorium  1 

a  a  0 

222  O         Radon  227  III  A   Actinium  228    III  A  Mesothorium  2 

«  0  0 

2x8   VI B    Radium  A        227  IV  A    Radio-actinium       228    IV  A    Radio-thorium 

a  a  a 

2x4  IV  B    Radium  B        223  II  A     Actinium  X  224    II  A    Thorium  X 

0  a  a 

214  VB     Radium  C        219  O         Actinon  220    O         Thoron 

0(a)  a  a 

214  (210)  VI B  (III  B)       215  VI  B    Actinium  A  216    VI  B    Thorium  A 

Radium  C'(C») 
a(0)  a  a 

210  IV B   Radium  D        211  IV  B   Actinium  B  2x2    IV  B    Thorium  B 

0  0  0 

210  VB     Radium  E        211  VB      Actinium  C  212    VB     Thorium  C 

0  <*(0)  0(a) 

210  VI B    Radium  P        207  III  B  Actinium  D  212    VB     Thorium  C'(D) 

(211)  (VI B)  (CO  (208)    (IIIB) 

«  0(a)  a(0) 

206  IV  B   Uranium-lead  207  IV  B   Actinium-lead         208    IV  B    Thorium-lead 

The  atomic  weight  and  valence  relations  are  simply  explained  by  the 

assumption  that  (1)  the  hypothetical  first  member  of  the  actinium  series 

and  (2)  thorium  differ  from  uranium  by  the  replacement;  of,  respectively, 

1  If  actinium  were  a  branch  product  of  uranium  I  or  II,  there  would  be  several 

such  cases. 
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one  and  two  a-particles  by  hydrogen  ions.  The  latter  are  not  lost  in  the 
radioactive  disintegration  and  increase  correspondingly  the  atomic  weight 
of  the  lead  finally  resulting.  It  is  interesting  to  note  that  in  the  actinium 
series  (with  presumably  an  odd  number  of  hydrogens  in  the  atomic  nucleus) 
the  tendency  shown  in  the  uranium  and  thorium  series  for  0-particles  to 
come  off  in  successive  transformations  is  replaced  by  a  tendency  to  come 
off  in  alternate  transformations. 

As  Soddy  and  Cranston  have  pointed  out1  the  actinium  series  differs 
from  the  uranium  series  so  markedly, — particularly  in  the  constant  of  the 
Geiger-Nuttall  relationship  between  period  of  transformation  and  range 
of  a-particles  emitted, — as  to  favor  the  "suggestion  that  the  actinium  and 
radium  families  may  be  quite  distinct." 

Summary. 

i.  The  assumption  (made  by  Piccard)  that  the  actinium  series  is  de- 
rived neither  from  uranium  I  nor  from  uranium  II,  but  from  a  third  iso- 
tope (actino-uranium)  does  not  require  (as  Soddy  supposed)  the  identity 
of  period  of  the  first  and  third. 

2.  The  relation  of  the  3  series  (uranium,  actinium  and  thorium)  be- 
comes more  symmetrical  if  a  hypothetical  isotope  of  protactinium  (  =  eka- 
tantalum  =  uranium  Z)  be  assumed  as  the  parent  of  actino-uranium  by  a 
0-ray  transformation. 

3.  This  element,  and  likewise  actino-uranium  are  predicted  to  have  an 
atomic  weight  235,  corresponding  to  protactinium  231,  actinium  227  and 
actinium-lead  207. 

4.  This  last  value  agrees  well  with  Honigschmid's  value  of  206.05  for 
the  atomic  weight  of  uranium-lead  containing  approximately  3%  of 
actinium  lead. 

Washington,  D.  C. 


[Contribution  prom  the  Chemical  Laboratory  of  the  University  of  Michigan.] 

PERCHLORIC  ACID  AS  A  DEHYDRATING  AGENT  IN  THE  DE- 
TERMINATION OF  SILICA. 

By  H.  H.  Whxard  and  W.  E.  Cake. 

Recei  cd  August  30,   1920. 

In  the  determination  of  silica  the  latter  is  usually  rendered  insoluble 
by  evaporating  the  hydrochloric  acid  solution  to  dryness  and  dehydrating 
the  residue  at  ioo°  to  1200.  This  method  requires  considerable  time, 
and  a  small  amount  of  silica  passes  into  solution  when  the  salts  are  dis- 
solved out  by  acid.  Efforts  have  been  made  to  dehydrate  the  silica  in 
other  ways  which  would  be  more  rapid  and  equally  or  more  effective. 
Drown2  first  suggested  the  use  of  hot  cone  sulfuric  acid  as  a  dehydrating 
1  hoc,  cit. 
*  Prown,  /.  Inst.  Min,  Eng.f  7, 346  (1879). 
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agent  for  the  determination  of  silicon  in  steel,  where  rapidity  is  essential, 
and  this  method  is  widely  used  at  the  present  time.  It  has  several  dis- 
advantages, however.  Insoluble  ferric  sulfate  separates,  causing  bump- 
ing unless  great  care  is  taken,  and  this  sulfate  often  does  not  readily  dis- 
solve after  the  solution  is  diluted.  The  use  of  acetic  anhydride  was  sug- 
gested by  Gooch,  Reckert,  and  Kuzirian1  but  offered  no  advantages  and 
was  no  more  effective  than  evaporation  to  dryness. 

The  dihydrate  of  perchloric  acid,  HCIO4.2H2O,  boils  at  203 °  and  at 
this  temperature  is  a  powerful  dehydrating  agent.  It  seemed  probable, 
therefore,  that  it  could  replace  sulfuric  acid  in  the  method  mentioned 
above,  and  to  great  advantage,  since  its  salts  are  nearly  all  readily  soluble 
both  in  the  concentrated  acid  and  in  water.  This  was  found  to  be  true. 
Without  danger  of  forming  insoluble  salts  it  can  be  used  with  all  silicates, 
metals  and  alloys  which  are  soluble  in  acids,  while  sulfuric  acid  is  utterly 
useless  in  the  presence  of  lead,  barium,  strontium  and  calcium,  and  is 
difficult  to  use  in  many  other  cases.  Moreover,  it  is  more  effective  in 
rendering  the  silica  insoluble  than  the  usual  method  of  evaporation  to 
dryness,  and  it  is  extremely  rapid.  It  is,  however,  without  action  on  those 
silicates  which  are  not  decomposed  by  hydrochloric  acid. 

The  method  in  general  consists  in  dissolving  the  metal  or  silicate  in 
hydrochloric  or  nitric  acid,  adding  perchloric  acid,  or  dissolving  directly 
in  perchloric  acid,  evaporating  to  dense  fumes  of  the  latter,  boiling  gently 
for  15  or  20  minutes  to  dehydrate  the  silica,  cooling  and  diluting  with 
water.  All  salts  are  instantly  soluble  and  the  silica  is  filtered  off  and  de- 
termined as  usual.  It  contains  less  impurity  than  when  separated  by  the 
usual  methods. 

The  perchloric  acid  used  in  this  work  was  prepared  from  ammonium 
perchlorate  by  the  method  described  by  one  of  the  authors,2  and  purified 
by  distillation  under  reduced  pressure.  If  distilled  under  atmospheric 
pressure  there  is  some  decomposition  which  is  greater  the  slower  the  rate 
of  distillation.  When  500  cc.  of  acid  containing  67%  of  perchloric  acid 
was  distilled  in  50  minutes,  the  loss  by  decomposition  was  about  3.5%. 
When  the  time  was  extended  to  135  minutes,  the  loss  was  13%.  In  the 
method  referred  to  above  it  should  be  noted  that  the  proportions  of 
ammonium  perchlorate,  hydrochloric  acid  and  nitric  acid  there  recom- 
mended are  satisfactory  when  a  fairly  pure  salt  is  used,  but  the  commer- 
cial perchlorate  requires  10  to  20%  more  of  the  acids. 

The  chemically  pure  acid  has  been  on  the  market  for  some  time,  so 
that  it  is  no  longer  necessary  to  prepare  it.  The  price  is  still  rather  high, 
but  if  there  is  sufficient  demand,  it  can  be  produced  cheaply. 

1  Gooch,  Reckert  and  Kuzirian,  Am.  J.  Set.,  186,  598  (1913). 
*  WiJJard,  This  Journai,,  34,  1480  (1912). 
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The  following  procedures  are  recommended  for  the  differnt  classes  of 
materials  and  these  were  followed  in  obtainin  the  results  tabulated  below. 

Procedure  for  Metals  and  Alloys. 

Weigh  out  a  sample  corresponding  to  about  10  mg.  of  silica,  using  a 
ioo  or  150  cc.  beaker.  Dissolve  it  in  either  nitric  or  hydrochloric  acid, 
depending  on  which  reagent  is  more  suitable  for  effecting  solution.  For 
steel,  10  to  40  cc.  of  dil.  nitric  acid  (sp.  gr.  about  1.17)  will  be  found  con- 
venient. After  the  action  has  ceased  add  8  to  10  cc.  of  perchloric  acid 
(60  to  70%)  for  each  gram  of  metal  dissolved.  The  amount  of  acid  re- 
quired depends  upon  the  solubility  of  the  metal  perchlorate  in  hot  cone 
perchloric  acid.  In  the  case  of  aluminum  and  its  alloys  it  is  necessary  to 
use  as  much  as  15  cc.  of  perchloric  acid  per  gram  of  sample.  Support  the 
cover  glass  on  glass  hooks  to  facilitate  evaporation,  place  the  beaker  on 
the  hot-plate  and  evaporate  to  copious  fumes  of  perchloric  acid.  Remove 
the  glass  hooks  to  prevent  unnecessary  loss  of  acid  and  boil  15  to  20  min- 
utes, so  that  the  acid  refluxes  down  the  side  of  the  beaker.  Especial  care 
must  be  taken  never  to  allow  the  boiling  contents  of  the  beaker  to  become 
solid,  since  if  this  occurs  the  separation  of  silica  is  always  incomplete.  If 
there  is  a  tendency  for  much  insoluble  perchlorate  to  separate  out,  either 
the  heating  is  not  properly  regulated  or  insufficient  acid  is  present.  In 
the  case  of  aluminum,  however,  there  is  always  a  considerable  amount  of 
insoluble  perchlorate.  As  the  solution  cools  it  usually  becomes  com- 
pletely solid.  Dilute  with  4  or  5  times  its  volume  of  water,  heat  to  boiling, 
filter  off  the  silica,  wash  it  with  very  dilute  hydrochloric  acid  and  finally 
with  water,  ignite  and  weigh  as  usual.  Treat  the  precipitate  with  hydro- 
fluoric and  sulfuric  acids,  ignite  and  weigh  the  residue  to  determine  the 
weight  of  pure  silica.    This  correction  is  usually  very  small. 

The  metal  may  be  dissolved  directly  in  hot  cone,  perchloric  acid  but 
the  action  is  often  so  violent  as  to  be  almost  explosive.  For  this  reason 
it  is  usually  advisable  to  use  some  other  acid,  but  dil.  perchloric  acid 
may  be  used  if  the  action  is  rapid  enough. 

If  a  liberal  amount  of  perchloric  acid  is  used,  the  process  is  more  satis- 
factory and  the  separation  of  silica  more  certain.  The  amount  suggested 
is  a  minimum  to  economize  acid  as  much  as  possible. 

High  per  cent,  ferrosilicon  is  noc  decomposed  by  perchloric  acid. 

Procedure  for  Limestone  and  Soluble  Silicates. 

In  a  100  to  150  cc.  beaker  dissolve  about  0.5  g.  of  the  material  in  a 
mixture  of  5  cc.  perchloric  acid  and  10  cc.  of  water.  If  the  silica  content 
is  very  high,  it  is  advisable  to  use  more  acid.  Evaporate  to  dense  fumes 
of  perchloric  acid  and  follow  the  procedure  for  metals  described  above. 
Insoluble  silicates  must  first  be  fused  with  sodium  carbonate  as  usual. 

In  order  to  test  the  accuracy  of  the  process  several  experiments  were 


Digitized  by 


Google 


PERCHLORIC  ACID  AS  A  DEHYDRATING  AGENT. 


2211 


carried  out  using  a  known  weight  of  silica  in  the  form  of  quartz  sand 
containing  only  0.025%  of  impurity.  It  was  fused  in  a  platinum  crucible 
with  sodium  carbonate,  the  melt  dissolved  in  water  in  a  platinum  dish  and 
perchloric  acid  added.  The  silica  was  separated  as  described  above. 
The  filtrate  was  evaporated  to  dryness  and  taken  up  with  hydrochloric 
acid  to  recover  any  silica  remaining  in  solution.  The  residue  left  after 
treatment  with  hydrofluoric  and  sulfuric  acids  was  obviously  sodium  sul- 
fate and  was,  therefore,  converted  into  its  equivalent  of  oxide  before  sub- 
tracting from  the  weight  of  the  impure  silica.  The  results  appear  in 
Table  I. 

Table  I. 


Weight  Weight 

SiOx  taken.  impure  SiOt. 

Expt.                                    G.  G. 

I O.3613  O.3626 

2 O.I553  O.1545 

3 O.1716  0.1710 

4 0.1400  0.1395 

5 0.1503  0.1496 

6 0.3152  0.3140 

•  Not  used  in  calculating  error. 


Weight 

pure  SiOi. 

G. 

O.3615 

O.1541 

O.1708 

O.I394 

O.1494 

0.3I38 


Error. 
Mg. 

0.2 

I  .2 

O.8 

O.6 

O.9 

1-4 


Weight  SiOi 

from  filtrate.0 

Mg. 

O.O 

0.6 

0.7 
0.4 
1 .1 
1.3 


The  removal  of  silica  is  remarkably  complete  considering  the  amount 
present,  and  in  all  but  the  most  accurate  work  the  amount  remaining  in 
solution  can  be  disregarded.  In  the  usual  method  the  latter  amounts  to 
several  milligrams.1 

Table  II  gives  the  results  obtained  with  limestone  and  silicates. 


Espt.  Material. 

7 Cement  A 

8 Cement  A 

9 Cement  B 

10 Limestone 

11 Limestone 

12 Willemite6 

13 Willemite 


Weight  of 
sample. 

0.3337 
0.3507 
O.6205 
O.6693 
0.59I5 
I. 5199 
I  3331 


Table  II. 

Weight  of 

impure 

S1O1. 

G. 

O.0756 

O.0797 

O.2244 

b.0356 

O.0316 

O.3911 

0.3433 


Weight  of 

pure 

SiO,. 

O. 

0.0747 
O.0790 
O.2238 
O.0346 
O.0306 

0.3743 
O.3289 


SiO, 

found. 

%• 

22.38 

22  .50 

36.07 

5I8 

5.18 

24-63 
24.62 


SiO, 

usual 

method. 

%. 
22.48 
22.48 
36.IO 

5.20 

5.20 
24.70 
24.70 


SiO, 

in 

filtrate.* 

G. 

O.OOO I 

O.OOO3 


O.OOIO 

0.0009 


*  Not  used  in  calculating  per  cent,  of  SiO*. 

*  Contained  a  little  gangue. 

The  silicon  present  in  iron  and  steel  separates  out  as  the  gelatinous 
precipitate  of  silicic  acid,  while  in  the  case  of  aluminum  part  of  the  silicon 
is  precipitated  in  the  form  of  brown  amorphous  silicon  which  is  not  oxidized 
by  perchloric  acid.     This  is  converted  on  ignition  to  silicon  dioxide. 

Table  III  shows  the  results  obtained  with  metals. 
1  Hillebrand,  This  Journal,  24,  366  (1902). 


Digitized  by 


Google 


2212  H.   H.   WIU.ARD  AND  W.   E.   CAKE. 

Table  III. 

Weight  or  Weight  of 

Weight  of      impure             pure  Silicon  Silicon 

sample.           SiOi.               SiOa.  found.  present. 

Expt.                                 Material.                          G.                  G.                  G.  %.               %. 

14 B.  of  S.Iron  D  1.0675  0.0603  0.0600  2.64  2.64 

15 B.  of  S.  Iron  D  0.6496  0.0369  0.0368  2.66  2.64 

16 B.S.  Steel  i%C  30897  0.0103  0.0101  0.153  0.153 

r7 B.S.  Steel  i%C  3.0406  0.0102  0.0100  0.153  0.153 

18 B.  S.  Steel  300  5- "90  0.0265  0.0259  0.238  0.228 

19 B.  S.  Steel  30a  5. 1659  0.0272  0.0259  0.235  0.228 

20 B.  S.  Steel  30a  2.0565  0.0110  0.0106  0.237  0.228 

21 Steel  5%  W.  2.1036  0.0592  0.0068  0.147  0.135 

22 Steel  5%  W.  2.0120  0.0405  0.0061  0.142  0.135 

23 "99 %"  Aluminum  1.1417  0.0076  0.0072  0.28  0.28 

24 "99%"  Aluminum  2.0621  0.0144  0.0124  0.28  0.28 

25 Nickel  wire  33265       0.0157  0.22  0.21* 

26 Nickel  wire  3.1486       0.0145  0.22  0.21 

a  Drown's  method. 

It  was  noticed  that  some  tungsten  steels  formed  a  clear  solution  in 
nitric  acid  and  that  in  a  few  of  these  cases  the  tungsten  remained  in  solu- 
tion after  evaporation  with  perchloric  acid.  This  allowed  the  method  to  be 
applied  to  the  determination  of  the  silicon  in  such  steels.  The  steel  used  in 
Expts.  21  and  22  was  of  this  character.  The  silica  was  contaminated 
with  both  ferric  oxide  and  tungsten  trioxide.  Much  more  perchloric  acid 
was  required  in  this  case  to  prevent  the  precipitation  of  tungstic  acid. 
This  method  is  applicable  only  in  comparatively  few  cases,  since  with 
most  tungsten  steels  the  tungstic  acid  precipitates. 

Summary. 

1.  The  silica  in  metals  and  silicates  can  be  rendered  insoluble  by  boil- 
ing the  cone,  perchloric  acid  solution  (60  to  70%)  for  a  short  time. 

2.  Less  silica  remains  in  the  filtrate  than  by  the  usual  method  of  evap- 
orating the  hydrochloric  acid  solution  to  dryness,  and  the  process  is  far 
more  rapid. 

3.  The  perchlorates  formed  are  dissolved  instantly  upon  dilution  with 
water,  leaving  pure  silica,  uncontaminated  by  difficultly  soluble  salts. 

Ann  Aibor,  Mich. 
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[Contribution  from  the  Chemical  Laboratory  of  the  University  of  California.] 

SOLUBILITY    V.    CRITICAL    SOLUTION    TEMPERATURES    OF 
WHITE  PHOSPHORUS  WITH  VARIOUS  LIQUIDS. 

By  Jobl  H.  Hildbbrand  and  Theo.  P.  Buehrer. 

Received  September  7,  1920. 

Introduction. 

According  to  the  theory  of  solubility  advanced  by  one  of  us,  and  sup- 
ported by  extensive  experimental  data,  in  the  previous  papers  of  this 
series,1  Raoult's  law  expresses  the  maximum  solubility  to  be  expected  in 
the  case  of  solutions  of  relatively  non-polar  substances,  and  where  no 
changes  arise  in  the  molecular  species  present.  This  maximum  solubility 
is  shown  whenever  the  substances  are  of  equal  internal  pressure  in  the 
liquid  state,  while  differences  in  internal  pressure  give  rise  to  roughly 
proportional  decreases  in  solubility. 

In  the  case  of  non-polar  liquids  sufficiently  unlike  in  internal  pressure 
to  form  2  liquid  phases,  the  critical  temperature  of  mixing  of  the  2  layers 
may  be  taken  as  a  measure  of  their  mutual  solubility,  as  has  been  previously* 
explained.  When  one  liquid  forms  2  layers  with  several  others  the  crit- 
ical mixing  temperatures  can  serve  to  compare  the  deviations  from  Raoult's 
law,  or  the  solvent  powers  of  the  first  liquid  for  the  several  others. 

But  few  of  the  substances  in  the  table  of  relative  internal  pressures  given 
in  the  third  paper  are  far  enough  apart  in  their  internal  pressures  to  form 
2  liquid  layers,  so  that  other  methods  of  studying  their  solutions  must  be 
employed.  However,  white  phosphorus,  at  the  bottom  of  the  list,  is  so 
different  from  most  of  the  other  substances  there  given  that  a  number 
of  2-layer  systems  are  possible.  In  the  third  paper  the  following  state- 
ment was  made:  "It  is  to  be  expected  that,  except  as  relative  internal 
pressures  may  be  altered  by  changing  temperature,  there  will  be  a  pro- 
gressive rise  in  the  critical  temperatures  of  mixing  of  molten  phosphorus 
with  another  liquid  as  we  ascend  the  table."  The  present  paper  presents 
the  results  of  experiments  made  to  test  this  prediction. 
Purification  of  Materials. 

As  one  ascends  in  the  table  of  internal  pressures  to  substances  above 
carbon  disulfide  the  critical  temperatures  of  mixing  with  phosphorus 
become  so  high  as  to  make  desirable  the  selection  of  substances  of  low 
pressure.  The  substances  chosen  for  the  investigation  were  carbon  di- 
sulfide, ethylene  bromide,  ^-dibromobenzene,  phenanthrene,  naphthalene, 
chlorobenzene  and  decane. 

1  This  Journal,  38,  1452  (1916)139,2297  (i9i7);4i,  1067  (1919);  4**  2180,  (1920). 
There  has  recently  come  to  our  attention  in  a  paper  by  P.  Walden,  Z.  physik, 
Chem.t  66, 409  (1909),  a  partial  statement  of  the  same  theory  as  governing  the  solubility 
of  other  liquids  in  water. 

1  Ibid.,  38,  pp.  1455-1458.  See  also  paper  by  Keyes  and  Hildebrand,  ibid.,  39, 
2126  (1917). 
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Since  carbon  disulfide  decomposes  on  standing,  especially  when  exposed 
to  light,  it  was  purified  immediately  before  use.  Some  carbon  disulfide 
which  had  stood  in  contact  with  lime  for  several  months  was  shaken  with 
mercury  and  then  with  finely  pulverized  mercuric  chloride,  which  is  some- 
what soluble  in  the  liquid  and  which  removes  the  sulfui.  Fractional  dis- 
tillation by  the  aid  of  a  bead  column  yielded  a  product  which  boiled  at 
46.  i  °. 

The  ethylene  bromide  used  was  shaken  with  a  solution  of  sodium  car- 
bonate, washed  repeatedly  with  distilled  water,  left  in  contact  with  cal- 
cium chloride  for  36  hours  and  fractionally  distilled.  The  portion  dis- 
tilling between  1 3 1 . 5  °  and  1 33  °  was  fractionally  crystallized.  The  material 
used  had  a  melting-point  of  9.5  °  and  a  boiling-point  of  132.60. 

Very  pure  samples  of  p -dibromobenzene  and  phenanthrene  were  used 
after  recrystallization  from  benzene. 

Naphthalene,  already  of  a  high  degree  of  purity,  was  twice  sublimed 
and  then  recrystallized,  the  first  crystals  from  the  molten  liquid  being 
selected. 

Chlorobenzene  and  decane,  already  very  pure,  were  used  without  fur- 
ther purification.  The  high  critical  temperatures  of  these  substances 
with  phosphorus  made  accurate  determinations  impossible,  and  careful 
purification  was,  therefore,  without  purpose. 

The  principal  impurities  likely  to  be  present  in  phosphorus  are 
arsenic  and  oxides  of  phosphorus.  Some  high  grade  red  phosphorus  was 
used  as  a  source  of  material.  It  was  boiled  with  a  solution  of  sodium 
hydroxide,  washed  with  distilled  water,  then  with  alcohol  and  finally 
dried  in  vacuo  at  about  1  io°.  On  distillation  in  the  dark  or  in  ruby  light 
this  yielded  beautiful  colorless  crystals  of  active  phosphorus.  This  dis- 
tillation was  carried  out  in  connection  with  the  filling  of  the  tubes  with 
mixtures  to  be  used,  as  described  in  the  succeeding  paragraphs. 
Experimental  Procedure. 

The  filling  of  the  tubes  with  phosphorus  and  the  respective  substances 
whose  critical  temperatures  of  mixing  with  phosphorus  were  to  be  deter- 
mined, was  carried  out  in  an  apparatus  illustrated  in  Fig.  1,  constructed 
of  Pyrex  glass.  The  purified  red  phosphorus  was  put  into  Compartment 
A,  which  was  then  sealed  off  at  H.  Wads  of  glass  wool  were  placed  at 
the  ends  of  both  A  and  B  to  avoid  dusting  over  during  the  distillation. 
The  substance  whose  mixtures  with  phosphorus  were  to  be  investigated 
was  introduced  into  E,  which  was  then  sealed  and  evacuated  to  remove 
dissolved  air.  When  a  solid  substance  was  used  it  was  melted  during  the 
evacuation. 

White  phosphorus  distilled  into  B  upon  heating  the  tube  A  to  about 
300 °.  To  insure  uniform  temperatures  the  tube  A  was  enclosed  in  a 
block  of  aluminum  which  was  heated  by  a  Bunsen  burner.     A  small  amount 
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of  lime  was  used  in  B  to  retain  there  any  traces  of  oxides'of  phosphorus. 
Upon  gently  heating  B  the  white  phosphorus  distilled  into  J  when  it 
was  later  washed  down  into  the  tubes  D  by  the  other  component  distilled 
from  E.  When  the  substance  in  E  was  liquid,  having  an  appreciable 
vapor  pressure,  its  vapor  was  confined  to  E  during  the  distillation  of  the 
phosphorus  by  means  of  the  device  shown  at  F  and  G,  suggested  by  Dr. 
R.  F.  Newton,  of  this  lab- 
oratory. F  is  a  scratched 
capillary  tube  and  G  con- 
tains an  iron  nail  enclosed 
in  glass  which  could  be 
lifted  magnetically  so  as  to 
break  the  capillary  and  al- 
low distillation  of  the  liquid 
from  E  to  J.  This  arrange- 
ment was  not  used  when  E 
contained  such  a  substance 
as  phenanthrene.  After  a 
little  practise  it  was  found 
possible  to  adjust  the  con- 
tents of  the  tubes  D  so  that 


Fig.  1. 


they  contained  the  desired  proportions  of  the  2  components,  after  which, 
they  were  sealed  off.  The  entire  operation  was  carried  out  in  ruby  light  ex- 
cept for  the  slight  illumination  from  a  hand  torch.  This  procedure  yielded 
tubes  entirely  free  from  visible  signs  of  red  phosphorus  and  presumably  from 
other  impurities  as  well.    The  tubes  were  kept  in  the  dark  until  used. 

In  the  case  of  the  carbon  disulfide  mixtures  the  temperatures  of  mixing 
were  far  below  the  freezing-point  of  phosphorus.  It  was,  nevertheless, 
possible  to  prevent  crystallization  of  phosphorus  in  many  cases  by  intro- 
ducing a  trace  of  alkali,  one  drop  of  3  N  solution.  This  alkali  probably 
did  not  exert  a  measurable  effect  upon  the  observed  temperatures,  since 
it  is  nearly  insoluble  in  both  of  the  other  liquid  phases  present. 

Except  when  carbon  disulfide  was  used  the  temperatures  of  mixing  were 
determined  in  an  electrically  heated  air-bath  provided  with  small  windows. 
The  air  was  vigorously  stirred.  A  ruby  lamp  was  used  for  the  observa- 
tion. One  of  the  tubes  D  could  be  supported  in  this  bath  in  such  a  *ay 
that  it  could  be  rocked  in  order  to  stir  its  contents. 

The  temperatures  were  measured  by  aid  of  a  potentiometer  and  a 
6-junction  copper-constantin  thermocouple,  calibrated  by  the  boiling- 
points  of  water  and  naphthalene  and  the  melting-point  of  tin.  The  inter- 
polation table  of  Adams1  was  found  very  convenient.  Temperatures 
could  be  read  to  0.1  °. 

1  This  Journal,  36,  65  (1914). 
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The  mixtures  of  phosphorus  with  carbon  disulfide  were  observed  in  a 
jacketed  brine-bath  whose  temperature  could  be  closely  adjusted.  An 
ordinarily  calibrated  thermometer  was  used. 

The  temperature  of  mixing  was  at  first  roughly  fixed,  and  then  deter- 
mined within  narrower  limits  by  decreasing  the  rate  of  heating  or  cooling 
of  the  air-bath  so  as  to  avoid  lag  in  either  the  thermocouple  or  the  tube. 
The  disappearance,  but  more  especially  the  appearance  of  the  cloudiness 
indicating  the  presence  of  2  liquid  phases,  was  very  sharp.  The  con- 
stancy of  this  temperature  upon  repeated  observation  was  considered  as 
evidence  that  the  phosphorus  did  not  react  with  any  of  the  substances 
with  which  it  was  mixed.  At  higher  temperatures,  red  phosphorus  grad- 
ually formed,  but  except  for  decreasing  the  fluidity  and  transparency  of 
the  tubes,  making  observation  more  difficult,  it  did  not  seem  to  have  any 
marked  effect  on  the  critical  temperatures. 

The  composition-temperature  curve  for  the  mutual  solubility  of  2 
liquids  is  always  very  flat  at  the  top,  so  that  considerable  variation  in 
composition  is  possible  without  greatly  affecting  the  temperature  of  mix- 
ing. In  order  to  be  sure,  however,  that  the  composition  was  not  too  far 
removed  from  the  maximum,  tubes  were  prepared  containing  the  sub- 
stances in  various  proportions.  The  composition  of  the  contents  was 
determined  by  analysis  after  the  observation  of  its  mixing  temperature. 
The  method  of  analysis  used  for  this  purpose  was  oxidation  with  potas- 
sium iodate  and  titration  of  the  excess  iodate  with  sodium  thiosulfate.  A 
preliminary  investigation  showed  that  this  method  was  quite  accurate 
for  the  determination  of  either  white  or  red  phosphorus,  and  further  that 
none  of  the  other  substances  present  had  any  effect  with  the  exception  of 
carbon  disulfide.  When  this  was  used  the  phosphorus  was  determined 
gravimetrically  by  the  phosphate  method  after  oxidation  with  iodate. 

Tablb  I. 
Naphthalene. 

Mol.  %  P4 26  49  56  60  74  75  80 

Temp. of  mixing,  ° C 132.8     201.4     *95-5     202.7     201.6     200.2     190.4 

Ethylene  Bromide. 

Mol.  %  P4 41  44  47  56  63  81 

Temp,  of  mixing,  °C...     169.6         165.0         163.0         165.5         162.0         151 .7 
Phenanthrene.  />-Dibromobenzene. 

Mol.  %P4 55         57         73         80  41         49         54         61  70 

Temp,  of  mixing,  °  C...  199. 2  199.5  199. 1   198.0       1543  159.4  162.0  163.0  159.2 

Carbon  Disulfide. 

Mol.  %P4 6  34  43  50  59  74 

Temp,  of  mixing,  ° C — 7.8    — 6.7    — 5.9    — 6.4    — 6.4    — 6.6 

Results. 

Table  I  summarizes  the  experimental  observations.  Each  temperature 
recorded  represents  the  mean  of  from  6  to  10  observations  upon  the  indi- 
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vidual  tubes.  These  observations  seldom  differed  among  themselves  by- 
more  than  0.4  °.  The  figures  indicating  composition  have  been  rounded 
off  to  whole  numbers,  as  the  effect  of  composition  upon  temperature  of 
mixing  is  small  in  the  region  investigated. 

The  values  in  Table  I  were  plotted  and  a  smooth  curve  was  drawn 
through  each  set  of  points  in  order  to  obtain  the  critical  temperatures 
shown  in  Table  II.  Temperatures  are  there  given  only  to  whole  degrees, 
as  any  greater  accuracy  would  doubtless  be  illusory. 

Table  II. 

Crit.  temp.  Rel.  internal  pressures  at  20°. 

of  mixing.  * • * 

°C.  T/VH.       (5200  +  30fe)/  V.      a/v*A0*. 

Decane >39Q  3.8  53  2.5 

Chlorobenzene 264  7.1  90  4.9 

Naphthalene 202  7.8  96  5.2 

Phenanthrene 200                    98  5.7 

£-Dibromobenzene 163  7.9  98  6 .0 

Ethylene  bromide 165  8 .7  106  5 .5 

Carbon  disulfide — 6.5  8.7  109  6.1 

Phosphorus 12.4  199  13.7 

The  figure  for  chlorobenzene  represents  observations  upon  one  tube 
only,  others  having  burst.  From  the  manner  of  disappearance  of  the 
phases,  however,  it  was  evident  that  the  proportions  were  such  as  to 
yield  the  maximum  temperature.  Some  red  phosphorus  was  formed,  but 
this  seems  to  be  so  insoluble  as  to  exert  little  effect. 

The  value  for  decane  likewise  represents  a  single  observation.  It  was 
evident  from  the  high  interfacial  surface  tension  that  the  system  at  300  °, 
where  red  phosphorus  was  rapidly  forming,  was  still  far  below  the  critical 
temperature. 

In  addition  to  the  figures  given  in  the  table  a  determination  was  made 
using  anthracene,  but  without  the  careful  precautions  to  avoid  oxidation 
or  other  impurity.    This  gave  a  value  of  about  1980. 

An  attempt  was  also  made  to  observe  a  critical  temperature  using 
bromoform.  It  was  impossible,  however,  to  avoid  crystallization  of  the 
bromoform  in  the  neighborhood  of  o°,  before  separation  of  2  liquid  phases. 

Discussion. 

In  Table  II  are  given,  in  addition  to  the  critical  temperatures  of  mixing 
with  phosphorus,  the  relative  values  of  internal  pressures  taken  from^the 
third  paper  of  this  series.  It  will  be  seen  that  the  prediction  quoted 
earlier  in  this  paper  is  well  fulfilled  by  the  facts.  The  slight  reversal  in  the 
case  of  />-dibromobenzene  and  ethylene  bromide  is  insignificant  in  view 
of  the  extrapolation  involved  in  the  figures  for  the  former  because  of  its 
high  melting-point.  Even  this  may  be  accounted  for  by  a  reversal  of 
position  at  higher  temperatures,  for  the  value  of  y/V}/'  at  ioo°  becomes 
6.0  for  ethylene  bromide  and  6.2  for  £-dibromobenzene. 
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The  only  surprise  is  the  great  difference  between  the  critical  tem- 
peratures for  ethylene  bromide  and  carbon  disulfide  mixtures.  Until  a 
more  quantitative  treatment  is  given  we  will  not  attempt  to  account  for 
this  difference. 

Summary. 

Critical  temperatures  of  mixing  of  liquid  phosphorus  with  other  substances 
have  been  determined  as  follows,  decane,  >30o;  chlorobenzene,  264; 
naphthalene,  202;  phenanthrene,  200;  p-dibromobenzene,  163;  carbon 
disulfide,  — 6.5.  These  figures  confirm  predictions  made  in  a  previous 
paper. 

Bbrkbusy,  Calif. 


[Contribution  from  the  Department  of  Chemistry,  Princeton  University.] 

A  METHOD  OF  MEASURING  LOW  VAPOR  PRESSURES,  WITH 
ITS  APPLICATION  TO  THE  CASE  OF  TRINITRO-TOLUENE. 

By  Alan  W.  C.  Mbnzies. 

Received  September  7,  192a 

The  method  most  in  favor  for  the  measurement  of  rather  low  vapor 
pressures  is  perhaps  the  gas-current  saturation  method.  Against  this 
method  may  be  urged  its  cumbrousness;  the  trouble  of  maintaining 
constant  temperatures  far  from  room  temperature  over  prolonged  periods 
of  time;  the  need  of  the  assumption  of  a  normal  molecular  weight  for  the 
vapor  in  question;  and  other  objections,1  varying  in  seriousness  with  cir- 
cumstances. It  is,  therefore,  perhaps  of  interest  to  note  that  a  single  Mc- 
Leod gage  can  be  very  simply  utilized  in  measuring  low  vapor  pressures, 
yielding  readings  for  different  temperatures  as  fast  as  a  bath  can  be  ad- 
justed to  each  new  temperature.  The  present  paper  indicates  how  such 
measurements  may  be  carried  out. 

Outline  of  *the  Method. — Elsewhere,1  the  writer  has  described  a 
method  for  measuring  vapor  pressures  involving  the  use  of  2  McLeod 
gages,  one  of  which  actually  contained  the  vapor  in  question.  In  the 
present  case,  in  which  one  gage  only  is  used,  none  of  the  vapor  enters  the 
gage. 

The  apparatus  consists  of  a  McLeod  gage,  immersed  in  a  large  vessel 
of  stirred  water  to  secure  constancy  of  temperature,  and  connected  by 
capillary  glass  tubing  with  a  bulb,  preferably  cylindrical,  which  can  be 
completely  submerged  in  a  bath  or  surrounded  by  a  jacket  to  give  it  the 
temperatures  desired.  The  bulb,  which  may  be  of  glass,  porcelain,  plati- 
num or  other  material,  should  have  as  large  a  volume  as  convenient  rela- 
tive to  that  of  the  gage.  This  simple  system  is  connected  through  a  mer- 
cury seal  to  a  source  of  dry  inert  gas  and  to  a  vacuum  pump.  The  system 
1  Cf.  Menzies,  This  Journai,,  42,  978  (1920). 
*Ibid.t  41,  1783  (1919). 
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may  thus  be  charged  with,  for  example,  dry  nitrogen1  at  any  pressure 
desired.  If  now  the  temperature  of  the  bulb  be  raised,  the  gage  should  in- 
dicate an  increased  pressure  close  to  that  which  may  be  computed  by  the 
gas  laws  from  the  known  temperatures  and  previously  ascertained  volumes 
of  the  hot  and  cold  parts  of  the  system.  Initial  and  final  bulb  tempera- 
tures may  obviously  be  chosen  to  suit  the  case.  For  vapor-pressure 
measurement,  in  addition  to  the  inert  gas,  the  bulb  is  charged  with  suffi- 
cient of  the  substance  under  examination  to  furnish  more  than  enough 
of  its  attenuated  saturated  vapor  to  fill  the  bulb  completely.  Vapor 
may  be  prevented  from  reaching  the  gage  by  sufficiently  cooling  a  portion 
of  the  connecting  tube.  The  initial  temperature  of  the  bulb  is  chosen 
conveniently  so  low  that  the  vapor  pressure  of  the  substance  will  be  small 
or  negligible  compared  with  its  vapor  pressure  at  the  final  temperature. 
Thus,  when  the  apparatus  is  operated  as  before,  one  obtains  a  higher 
final  pressure  than  if  nitrogen  only  were  present,  and,  from  this  pressure 
excess,  an  obvious  application  of  the  gas  laws  enables  one  to  compute 
the  vapor  pressure  of  the  substance  at  the  final  temperature,  provided 
in  particular,  that  Dalton's  law  may  be  assumed. 

It  would  appear  that  the  only  investigator  who  has,  in  a  particular  case, 
made  use  of  a  form  of  this  simple  method  of  vapor  pressure  measurement 
is  Villiers.2 

The  Case  of  T.  N.  T.— Knowledge  of  the  vapor  pressures  of  T.  N.  T. 
in  a  short  range  above  its  melting-point  was  desired  by  the  Division  of 
Chemistry  and  Chemical  Technology  of  the  National  Research  Council, 
and  the  case  was  studied  as  a  War  Problem  at  their  request.  The  sample 
was  furnished  through  Dr.  Comey  and  was  stated  to  have  a  melting- 
point  of  80 . 5  °,  in  agreement  with  Comey's  published  work  on  this  melting- 
point.1  Any  attempt  at  purification  other  than  desiccation4  in  absence  of 
light  was  purposely  omitted  for  obvious  reasons.  The  sample  is  correctly 
named  merely  "T.  N.  T.,M  not  "alpha  trinitrotoluene." 

Details  and  Discussion  of  Procedure  and  Measurements. — The 
McLeod  gage,  together  with  the  cold  connecting  tubes,  had  a  corrected 
volume  of  10.69  cc.,  and  the  bulb  a  corrected  volume  of  94.01  cc.  The 
dry  nitrogen  which  was  used  as  the  inert  gas  was  given  a  pressure  of  o .  5852 
mm.  of  mercury  at  23. o°.  So  far  as  the  determination  of  the  pressure  differ- 
ence with  and  without  vapor  is  concerned,  the  greatest  sensitiveness  would 
be  obtained  by  using  a  nitrogen  pressure  only  slightly  greater  than  the 
highest  vapor  pressure  to  be  measured;  on  the  other  hand,  divergence 

1  Cf.  Menzies,  This  Journal,  41,  1784  (1919)- 

1  Villiers,  Ann.  chim.  phys.,  [8]  30,  588  (1913)- 

»  Comey,  /.  Ind.  Eng.  Chem.,  2,  103  (1910).  See  also  Carlton  Smith,  "T.  N.  T. 
and  Other  Nitrotoluenes,"  19x8,  p.  75;  Bell  and  Herty,  /.  Ind.  Eng.  Chem.,  xx,  1124 
(191 9),  where  this  m.  p.  is  discussed  with  literature  references. 

«  Cf.  Huff,  Chem.  Met.  Eng.t  ax,  570  (1919) 
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from  Dalton's  law  is  more  to  be  feared  with  such  relatively  low  pressures 
of  permanent  gas.  Possible  error  due  to  the  solution  of  nitrogen  in  the 
molten  T.  N.  T.  was  minimized  by  the  fact  that  only  a  minute  quantity, 
less  than  a  mg.,  was  necessary  in  the  bulb  to  insure  saturation.  By  em- 
ploying different  nitrogen  pressures,  this  error,  had  it  been  serious,  could 
have  been  completely  eliminated,  as  also  could  error  arising  from  departure 
from  Dalton's  law.  Very  slow  condensation  of  T.  N.  T.  took  place  in 
the  capillary  tube  where  it  emerged  from  the  heating  bath,  and  care  was 
taken  to  note  that  the  T.  N.  T.  at  the  bottom  of  the  bulb  did  not  become 
exhausted.  The  heating  bath  and  the  thermometry  were  similar  to  those 
formerly  described.1  Readings  were  taken  with  the  gage  at  23.0 °  in  all 
cases,  and  with  the  bulb  at  23  .o°,  81 .6°,  90. 1  °,  and  102 .6°,  giving  vapor 
pressures  of  0.046,  0.067  and  0.120  mm.  of  mercury  at  o°,  respectively, 
for  the  last  3  temperatures.  Correction  for  thermal  expansion  of  the  bulb 
could  be  neglected.    The  observations  were  completed  within  2  hours. 

The  logarithms  of  these  pressures  were  plotted  against  the  reciprocals 
of  the  corresponding  absolute  temperatures,  and  pressures  for  each  whole 
degree  were  read  off  from  the  straight  line  that  passed  very  closely  through 
the  3  datum  points.    These  values  are  given  in  Table  I. 

Tablb  I. 
Vapor  Pressures  Qf  Liquid  T.  N.  T.  in  Mm.  of  Mercury  at  o°. 


Temperature. 
°C. 

Pressure. 
Mm. 

Temperature. 
°C. 

Pressure. 
Mm. 

(80) 

(80 
82 

83 
84 

(0.042) 
(0.044) 
O.046 
O.048 
O.051 

92 
93 
94 
95 
96 

0.074 
O.078 
O.081 
O.085 
0.089 

85 
86 

0.053 
O.056 

97 
98 

O.093 
O.098 

87 
88 

O.059 
O.062 

99 
100 

0.102 
0.106 

89 

O.064 

101 

O.IIO 

90 

O.067 

102 

0.116 

9i 

0.070 

Confirmation  by  Gas  Current  Saturation  Method. — As  one  could 

not,  a  priori,  be  certain  that  the  gas  laws  were  followed  strictly  by  the 
mixture  of  gas  and  vapor  in  the  bulb,  confirmation  of  these  values  was 
sought  by  a  measurement  by  the  gas  current  saturation  method.  For  this 
purpose,  the  T.  N.  T.  was  melted  over  the  surface  of  several  g.  of  glass 
wool  which  had  previously  been  washed  with  nitric  acid,  steamed  and 
dried.  The  very  large  surface  of  T.  N.  T.  thus  produced  was  contained 
within  a  wei  ghed  saturator  tube  which  could  be  maintained  at  the  boiling- 
point  of  water.  The  loss  of  weight  of  this  tube  gave  the  weight  of  vapor 
1  Menzies,  This  Journal,  41,  1783  (1919). 
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concerned.  The  volume  of  the  air  current  used  was  measured,  not  by 
use  of  an  aspirator  as  is  customary,  but  by  weighing  the  water  it  evaporated 
at  25  °  from  a  water  saturating  train  described  in  another  place,1  where 
also  necessary  precautions  and  corrections  are  referred  to.  Preliminary 
experiments  having  shown  that  an  air  speed  of  half  a  liter  per  hour  gave 
saturation,  the  experiment  was  continued  for  5  days  in  order  to  obtain  a 
satisfactorily  large  loss  of  weight  (5  mg.)  from  the  saturator.  On  account 
of  fluctuation  in  the  barometric  pressure  over  this  period,  the  suitably 
weighted  mean  of  many  observations  of  the  actual  temperature  of  the 
saturator  tube  was  employed.  This  was  99. 5  °,  while  the  found  vapor 
pressure  was  o.  102  mm.  The  vapor  pressure  for  99. 50  as  read  from  the 
curve  given  by  the  previous  observations  is  o.  104,  thus  showing  a  degree 
of  concordance  rather  closer  than  could  be  anticipated. 

Either  the  assumptions  involved  in  the  application  of  each  of  the  2 
methods  are  justified  in  this  instance,  or  else  the  error  is  fortuitously  the 
same  for  both  in  direction  and  amount.  Further  comment  is  reserved 
for  a  later  publication. 

Summary. 

A  method  has  been  outlined  by  which  low  vapor  pressures  may  be 
measured  by  the  help  of  a  single  McLeod  gage.  This  method  is  much 
more  expeditious  than  the  gas-current  saturation  method  but,  like  it,  is  of 
accuracy  subject  to  the  truth  of  certain  assumptions.  Its  application,  with 
certain  precautions  necessary  to  its  use,  has  been  illustrated  in  the  case 
of  T.  N.  T.,  whose  vapor  pressures  are  here  reported  for  each  degree  from 
820  to  102  °. 

Puaramm,  N.  J. 


[Contribution  from  thb  Wolcott  Gibbs  Mbmorial  Laboratory  o*  Harvard 

University.] 

A  REVISION  OF  THE  ATOMIC  WEIGHT  OF  ALUMINUM. 

THE  ANALYSIS  OF  ALUMINUM  BROMIDE. 

PRELIMINARY  PAPER. 

By  Thbodorb  W.  Richards  and  Henry  Krepblka. 

Received  September  27,  1920. 

The  usually  accepted  atomic  weight  of  aluminum  (27 . 1)  is  based  chiefly 
on  the  work  of  J.  W.  Mallet,2  published  in  1880.  The  earlier  researches 
of  Davy,  Thomson,  Berzelius,  Mather,  Dumas,  Tissier,  and  Terreil  re- 
garding this  subject  were  considered  carefully  in  Mallet's  paper  and  there- 
fore need  not  be  detailed  here.  Those  of  Isnard  and  Baubigny  are  suffi- 
ciently described  by  Clarke,1  who  gives  the  bibliographical  references  to 
1  Menzies,  This  Journal,  42,  978  and  1953  (1920). 

•  Mallet,  Phil.  Trans.,  171,  1003  (1880). 

•  F.  W.  Clarke,  "Recalculation  of  Atomic  Weights,"  Smithsonian  Inst.  Pub.,  54,  No. 
3,  262  (1910). 
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all  the  early  work.  Of  course  such  methods  as  ignition  of  aluminum  sul- 
fate (Berzelius  and  Baubigny)  or  conversion  of  the  metal  into  nitrate 
and  then  into  oxide  (Tissier  and  Isnard)  are  not  now  acceptable  for  this 
purpose.  Likewise,  the  analysis  of  aluminum  halide  as  it  was  carried 
out  by  Mather1  and  even  by  Dumas1  must  have  given  wrong  values,  be- 
cause the  old  method  of  precipitation  and  titration  of  halides  was  very 
faulty.  The  completion  of  the  reaction  cannot  be  accurately  ascertained 
simply  by  the  addition  of  a  standard  solution  of  silver  until  turbidity  is 
no  longer  evident.  In  those  days,  moreover,  no  attention  was  given 
to  the  adsorption  or  occlusion  of  the  dissolved  substances  by  silver  chloride 
in  concentrated  solutions. 

Mallet's  work  was  much  more  convincing;  indeed,  it  was  remarkably 
good  for  that  time,  and  received  general  acclaim.  He  used  3  methods. 
First,  pure  ammonium  alum  was  ignited  and  the  remaining  oxide  was 
weighed.  Second,  aluminum  bromide  was  titrated  with  a  solution  of 
pure  silver.  Third,  metallic  aluminum  was  dissolved  in  sodium  hy- 
droxide solution  and  (a)  the  volume  of  the  hydrogen  evolved  was  meas- 
ured; again  (b)  the  hydrogen  set  free  was  oxidized  and  weighed  as  water. 

The  difficulties  connected  with  the  first  method  were  recognized  by 
Mallet  himself;  it  is  probably  impossible  to  free  ammonium  alum  from 
traces  of  hygroscopic  water  without  loss  of  crystal  water.  Two  series  of 
experiments  with  this  compound  were  performed  and  gave  for  the  atomic 
weight  value  27. 153  (as  recalculated  by  F.  W.  Clarke).* 

The  second  method  was  more  promising.  Aluminum  bromide  was  pre- 
pared on  a  large  scale  (more  than  one  kg.),  no  attention  being  paid  to  the 
purity  of  the  factors  (aluminum  metal  and  bromine).  The  bromide  ob- 
tained was  purified  by  repeated  fractional  distillation.  The  arrangement 
of  Mallet's  apparatus  caused  every  successive  fraction,  except  the  last 
one,  to  come  into  contact  with  the  outside  air,  causing  formation  of  oxy- 
bromide  and  acid  gas.  The  contamination  of  the  final  portion  with  oxy- 
bromide  was  not  necessarily  prevented  by  the  last  distillation  in  a  cur- 
rent of  nitrogen,  because  the  source  of  nitrogen  used  by  Mallet  in  his  work 
was  not  clearly  explained  and  no  evidence  is  given  that  it  was  free  from 
oxygen  and  moisture.  Either  impurity  would  tend  toward  an  elevation 
of  the  apparent  atomic  weight.  Likewise  his  method  of  breaking  the 
tubes  containing  aluminum  bromide  would  have  the  same  effect;  for 
he  opened  his  tubes  in  the  air  of  the  room;  and  by  this  operation,  even 
working  quickly  (according  to  our  experience)  he  must  have  lost  hydro- 
bromic  acid.    The  possible  errors  tending  in  the  opposite  direction  were 

1  Mather,  Am.  J.  Set.,  27,  241  (1835). 
1  Dumas,  Ann.  chim.  phys.,  [3]  55,  151  (1859). 

»  F.  W.  Clarke,  "The  Constants  of  Nature,"  Part  V,  "A  Recalculation  of  the 
Atomic  Weights,"  p.  264. 
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less  significant,  since  titration  is  far  more  accurate  with  bromide  than 
chloride,  even  as  formerly  carried  out,  and  since  the  silver  employed 
could  hardly  have  contained  an  important  amount  of  impurity,  having 
been  carefully  prepared  and  fused  in  a  Sprengel  vacuum.  Hence  his 
value  might  be  expected  to  be  too  high.  This  series  of  experiments 
gave  the  value  27.098. 

The  experiments  designed  to  determine  the  amount  of  hydrogen  evolved 
by  the  solution  of  metallic  aluminum  were  less  fortunate.  Impurity  in 
the  metal,  hydrogen  dissolved  in  the  solution  of  sodium  hydroxide,  and 
the  unknown  tension  of  the  water  vapor  of  this  strong  solution  were  possi- 
ble sources  of  error  which  could  not  be  eliminated  by  the  use  of  large 
quantities  of  substance.  This  set  of  experiments  gave  the  value  27.099 
for  the  atomic  weight.  The  modification  of  this  method,  in  which  the 
hydrogen  was  weighed  as  water  after  oxidation,  was  subject  to  some 
of  the  same  errors,  together  with  others. 

Nevertheless,  in  some  respects  Mallet's  work  deserves  the  commenda- 
tion which  it  has  received  for  40  years.  He  duly  considered  many  de- 
tails of  accurate  weighing,  and  of  precision  in  chemical  operations.  Be- 
cause of  the  numerical  agreement  of  the  results  obtained  by  the  different 
methods,  the  international  committee,  having  to  choose  between  the 
value  of  Mallet  and  the  more  recent  work  of  Thomsen1  (26.99),  accepted 
the  former.  Nevertheless  Thomsen's  work  (which  resembled  the  third 
series  of  Mallet)  was  more  carefully  executed  than  Mallet's.  He  used 
larger  amounts  of  material,  and  weighed  the  loss  of  dry  hydrogen  from 
his  apparatus  as  well  as  the  oxygen  needed  to  oxidize  it.  Careful  cor- 
rections were  made  for  the  iron  and  silica  found  among  the  products  of 
the  reaction,  and  for  the  contraction  occurring  when  the  metal  is  dis- 
solved. The  fact  that  his  method  stood  alone  whereas  Mallet  had  4 
more  or  less  confirmatory  series,  doubtless  militated  against  Thomsen's 
outcome,  as  already  stated. 

The  most  recent  determination  of  the  atomic  weight  of  aluminum  was 
performed  by  Kohn-Abrest.2  Impure  aluminum  (98.68%)  was  dis- 
solved in  hydrochloric  acid,  the  hydrogen  evolved  was  burned  by  the 
copper  oxide,  and  the  resulting  water  was  weighed.  Again,  impure 
metal  was  converted  into  oxide.  The  results  were,  respectively,  27.25 
and  27.23.  Kohn-Abrest  used  methods  of  an  early  period  (without 
modern  precautions),  which  are  sufficiently  characterized  by  Brauner.8 

Of  all  the  methods  used  for  the  determination  of  the  atomic  weight  of 
aluminum  undoubtedly  the  best  is  the  analysis  of  pure  halide,  which  has 

1  Thomsen,  Z.  anorg.  Chem.,  15,  447  (1897). 

*  Kohn-Abrest,  Bull.  soc.  chim.t  [3]  33,  121  (1905). 

•  See  Brauner's  article  in  Abegg's  "Handbuch  der  anorg.  Chemie,"  "At.  Weight  of 
Aluminum/'  III,  (1),  59  (1906). 
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been  in  contact  only  with  pure,  perfectly  dry  nitrogen  and  has  finally 
been  redistilled  in  vacuo.  Either  the  chloride  or  the  bromide  is  suitable 
for  analysis;  the  iodide  is  unstable,  forming  an  explosive  mixture  with  air. 
We  followed  Mallet's  example  and  used  the  bromide,  because  its  proper- 
ties are  more  convenient  than  those  of  the  chloride.  Its  lower  melting- 
point  (930)  and  relatively  lower  heat  of  formation  are  convenient  in  both 
synthesis  and  purification.  The  great  difference  between  its  melting- 
point  (930)  and  boiling-point  (265  °)  gave  a  wide  range  for  digestion  of 
the  liquid  in  a  current  of  nitrogen  in  order  to  effect  the  elimination  of  bro- 
mine and  other  volatile  impurities.  Bromine  has  less  tendency  to  attack 
glass  than  chlorine:  another  advantage.  Finally,  the  small  solubility  of 
silver  bromide  facilitates  accuracy  in  the  analysis  of  the  salt.  On  the 
other  hand,  the  bromide,  of  course,  has  one  disadvantage  as  material  for 
atomic  weight  determination,  the  smallness  of  its  content  of  aluminum 
magnifies  the  effect  of  any  error. 

Preparation  of  Materials. 

Aluminum. — The  task  of  preparing  this  metal  in  a  perfectly  pure  state 
presented  so  many  almost  insuperable  difficulties  that  we  decided  to  use 
raw  material  of  only  moderate  purity,  and  devote  our  available  time  to 
purifying  the  bromide  made  from  it.  Accordingly  the  best  commer- 
cial sample  which  we  were  able  to  obtain  was  used  in  the  final  synthesis: 
namely,  a  standard  sample  of  aluminum1  made  available  by  the  Bureau 
of  Standards.  As  the  sample  was  in  the  form  of  a  cylinder  about  5  cm. 
in  diameter,  it  was  first  sawed  into  thin  disks  about  3  mm.  in  thickness. 
In  order  to  remove  any  surface  contamination  (derived  from  the  saw) 
these  disks  were  set  in  de  Khotinsky  cement  and  turned  smooth  on  a 
lathe.  The  polished  pieces  were  then  washed  in  alcohol  and  cut  with 
clean  steel  shears  into  strips  about  8  mm.  wide.  These  strips  were  made 
the  anode  in  a  very  dilute  solution  of  sulfuric  acid  in  order  to  facilitate 
the  removal  of  a  possible  trace  of  iron  on  the  surface,  and  were  then 
etched  with  dil.  hydrobromic  acid,  washed  many  times  with  boiling  dis- 
tilled water  and  finally  dried  in  an  air-bath  at  1200.  Any  trace  of  re- 
maining iron  must  have  been  removed  together  with  bromide  of  silicon 
during  the  fractional  distillation  which  followed,  as  described  below. 

Bromine. — Ordinary  c.  p.  bromine  was  twice  redistilled  from  a  concen- 
trated solution  of  pure  potassium  bromide.  The  middle  portion  of  the 
second  distillate  was  allowed  to  react  with  a  solution  of  pure  potassium 
oxalate.  The  potassium  bromide  thus  formed  was  twice  recrystallized. 
In  order  to  remove  any  iodine  which  might  be  present  the  solution  of  potas- 
sium bromide  was  digested  and  evaporated  to  dryness  twice  with  a  little 
1  According  to  the  analysis  made  by  the  Aluminum  Co.  of  America,  this  aluminum 
contained  99.71  %  AI,  0.02%  Cu,  0.12%  Li,  0.15%  Fe  (Circular  of  the  Bureau  of  Stand- 
ards, No.  66). 
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sulfuric  acid  and  potassium  dichromate.  Organic  matter  was  removed 
from  the  dry  bromide  by  fusion  in  an  electric  furnace.  From  the  diluted 
solution  of  this  fused  bromide,  the  bromine  was  set  free  by  means  of  the 
calculated  amount  of  sulfuric  acid  and  pure  potassium  dichromate.  The 
bromine  thus  obtained  was  dried  as  usual  with  calcium  bromide  and  phos- 
phorus pentoxide  twice  resublimed. 

Nitrogen. — The  nitrogen  was  generated  in  an  apparatus  which  is 
generally  used  at  Harvard.  A  current  of  air  was  passed  through  con- 
centrated ammonia  water,  over  red-hot  copper  gauze,  through  dil.  sulfuric 
acid,  over  red-hot  copper  oxide,  and  once  more  over  red-hot  copper. 
The  nitrogen  was  then  thoroughly  dried  (finally  with  resublimed  phos- 
phorus pentoxide)  and  when  tested  with  alkaline  pyrogallol  was  found 
to  contain  no  appreciable  trace  of  oxygen. 

Phosphorus  pentoxide  used  was  resublimed  twice  in  an  electrically 
heated  Pyrex  tube. 

Silver  employed  in  this  investigation  was  a  preparation  made  by  H.  H. 
Willard,  remaining  from  his  work  in  collaboration  with  one  of  us  upon 
the  atomic  weight  of  lithium.1  Samples  A  and  B  were  employed.  The 
preparation  of  this  silver  has  been  fully  described  both  in  the  place  indi- 
cated and  in  an  earlier  article,2  so  that  further  description  is  unnecessary, 
except  perhaps  to  state  that  it  was  precipitated  from  silver  nitrate  by 
ammonium  formate,  and  fused  on  lime  in  a  current  of  hydrogen — all 
the  materials  being  very  pure.  The  2  samples  (which  had  been  kept 
more  than  10  years  in  a  closed  desiccator  over  fused  caustic  alkali)  were 
washed  in  pure  ammonia,  dil.  nitric  acid,  ammonia  again,  and  much 
pure  distilled  water.  The  clean  metal  was  dried  in  an  electric  air-bath 
at  1500. 

Sulfuric  acid  and  nitric  acid  were  twice  distilled.  The  nitric  acid  was 
nephelometrically  tested. 

Potassium  dichromate,  c.  p.,  was  3  times  recrystallized. 

Potassium  oxalate  was  prepared  by  the  neutralization  of  pure  oxalic 
acid  by  twice  recrystallized,  c.  p.,  potassium  carbonate,  the  resulting 
oxalate  being  recrystallized  3  times. 

Distilled  water  was  prepared  from  ordinary  distilled  water  by  2  addi- 
tional distillations,  first  from  alkaline  potassium  permanganate  solution 
and  secondly  from  a  trace  of  sulfuric  acid. 

Apparatus  for  the  Synthesis  of  Aluminum  Bromide. 

Two  preliminary  trial  syntheses  (the  first  with  less  pure  aluminum  and 

bromine)  were  made  to  determine  the  best  conditions  of  working  and  to 

study  the  difficulties  to  be  overcome.    The  original  apparatus  was  very 

similar  to  that  used  in  the  final  synthesis — but  some  details  of  the  final 

1  Richards  and  Willard,  This  Journal,  32,  18  (19 10). 

*  Richards  and  Wells,  ibid.,  27,  472  (1905). 


Digitized  by  VjOOQIC 


2226  THEODORE   W.   RICHARDS  AND  HENRY   KREPELKA. 

arrangement  were  added  in  the  light  of  the  experience  obtained  in  these 
earlier  experiments.  The  final  form  is  illustrated  in  the  diagram.  The 
whole  apparatus  used  for  the  syntheses  and  for  nitrogen  was  made  of  glass 
and  sealed  together.  Where  stopcocks  for  the  gas  connections  were 
necessary,  vacuum  stopcocks  were  used  and  were  lubricated  with  viscous 
syrupy  phosphoric  acid  made  by  moistening  phosphorus  pentoxide  very 
slightly  with  water.  The  caps  in  which  mercury  is  generally  placed  were 
filled  with  paraffin  which  was  melted  when  it  was  necessary  to  turn  the 
cock.  In  the  train  through  which  the  aluminum  bromide  was  distilled, 
only  magnetic  valves  were  used  instead  of  stopcocks. 


Fig.  i. 

The  Magnetic  Valve  M  in  Fig.  i,  was  a  Richards-Craig1  modification 
of  a  device  of  Briscoe's.2  A  small  closed  tube  containing  an  iron  nail 
was  used  as  a  hammer,  actuated  by  a  very  strong  electromagnet,  in  order 
to  break  the  capillary. 

Sampling  Bulbs. — The  bulbs  used  for  taking  samples  were  not  exactly 
of  the  shape  used  by  Baxter  and  Moore,*  but  were  rather  like  those  used 
by  Richards  and  Craig  in  an  analysis  of  gallium  chloride.4  They  were 
made  of  soft  glass  with  heavy  walls  and  had  tubes  extending  on  opposite 
sides.    These  2 -necked  bulbs  had  the  following  advantages:  first,  they 

1  T.  W.  Richards  and  W.  M.  Craig,  This  Journal,  41,  131  (1919). 

1  H.  V.  A.  Briscoe,  /.  Chem.  Soe.,  107,  73  (1915). 

1  G.  P.  Baxter  and  C.  J.  Moore,  This  Journal,  34,  1648  (191 2). 

•  hoc.  cit. 
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were  easily  broken  at  the  necks;  second,  no  fine  pieces  of  glass  resulted 
from  breaking  them,  and  third,  the  solution  of  the  substance  within 
them  could  be  controlled  easily  and  the  bulb  could  be  drained  completely. 
After  washing  and  steaming  the  separate  parts  of  the  apparatus,  they 
were  sealed  together  with  great  care. 

Synthesis  of  Aluminum  Bromide. 

The  synthesis  of  aluminum  bromide  was  effected  in  this  apparatus  by 
allowing  dilute  bromine  vapor  to  react  upon  metallic  aluminum.  Thus 
the  violent  reaction  which  results  when  the  bromine  is  liquid  is  prevented. 
The  metal  had  been  introduced  into  the  vessels  No.  i  and  No.  3  before 
these  parts  had  been  sealed  to  the  system.  The  part  of  the  apparatus 
comprising  Bottle  F,  Vessels  1,23,  Magnetic  Valve  M,  Vessel  4,  and 
drying  tubes  (cut  off  from  the  sample  bulbs  by  means  of  the  valve  M), 
communicated  with  the  outside  air  beyond  Vessel  4  through  a  phosphorus 
pentoxide  tube,  2  tubes  of  calcium  bromide  and  a  washing  flask  with  dis- 
tilled sulfuric  acid.  This  part  of  the  apparatus  was  dried  by  moderate 
heating  while  a  current  of  dry  nitrogen  was  passed  through  it.  The  other 
part,  containing  Vessels  5,  6,  the  series  of  sampling  bulbs,  a  to  ht  Vessel 
7,  and  2  phosphorus  pentoxide  Tubes  (D,D)  with  vacuum  Stopcock  A8, 
was  dried  by  heating  and  repeated  evacuation. 

Before  starting  the  reaction,  pure  dry  nitrogen  was  passed  for  2  hours 
through  the  stopcock  Ai  (Stopcock  A2  being  closed),  the  empty  flask  F 
and  the  first  part  of  the  apparatus  as  mentioned  before.  After  proving 
that  the  apparatus  was  completely  filled  with  pure  nitrogen,  the  flask  F 
was  filled  with  pure  bromine  in  the  following  manner.  The  stopcock  Ai 
was  turned  off  and  Stopcock  A2  opened,  the  nitrogen  stream  through  the 
reaction  tubes,  1,2,  3,  etc.,  was  stopped  by  closing  a  stopcock  beyond 
Vessel  4,  and  its  drying  system.  The  stopper  in  the  side  arm  of  Flask  F  was 
opened  and  cold  bromine  was  poured  into  the  flask,  which  was  strongly 
cooled  with  a  mixture  of  ice  and  salt.  A  counter  current  of  nitrogen  pre- 
vented the  reaction  of  the  bromine  vapor  with  the  aluminum  and  the  in- 
troduction of  outside  oxygen  while  filling  the  flask  with  bromine.  The 
side  arm  was  then  closed  with  a  well-ground  stopper  which  had  been  lubri- 
cated with  phosphorus  pentoxide  and  was  firmly  secured  in  place  by  means 
of  de  Khotinsky  cement. 

Since  dry  bromine  vapor  reacts  very  slowly  with  aluminum  at  ordinary 
room  temperatures  the  vessel  No.  1,  containing  aluminum,  was  kept  at 
1 20  °  by  means  of  an  electric  heater.  The  stopcock  A2  was  then  turned  off 
and  stopcock  Ai  opened.  The  nitrogen  thus  was  bubbled  through  the 
bromine  in  flask  F  and  accordingly  carried  with  it  a  stream  of  bromine 
vapor  over  the  gently  heated  aluminum.  The  current  of  nitrogen  was 
regulated  so  as  to  carry  only  the  amount  of  bromine  necessary  for  con- 
venient speed  of  reaction.    The  reaction  of  bromine  with  aluminum  was 


Digitized  by 


Google 


2228  THBODORB  W.  RICHARDS  AND  HENRY  KRBPELKA. 

continued  22  hours  while  the  vessels  2  and  3  were  kept  cool.  At  the  end 
of  this  time  a  sufficient  quantity  of  aluminum  bromide  had  been  formed, 
although  quite  a  quantity  of  uncombined  aluminum  was  left  in  tube  No.  1. 
The  current  of  nitrogen  was  then  stopped  (by  means  of  Ai)  and  the  whole 
apparatus  was  allowed  to  cool. 

The  flask  F,  after  being  cooled,  was  disconnected  from  the  reaction 
tubes  by  sealing  the  connecting  capillary.  The  contents  of  Tube  1  were 
first  digested  for  one  hour  at  ioo°  in  a  slow  current  of  nitrogen  (Stopcock 
A*)  and  then  for  one  hour  at  1500.  Perfectly  clear  colorless,  strongly  re- 
fracting liquid  aluminum  bromide  was  obtained,  the  excess  of  bromine 
having  been  removed  partly  by  the  reaction  with  the  excess  of  metal  left 
in  the  reaction  tube,  partly  by  the  current  of  nitrogen. 

After  digestion,  the  vessels  1  and  2  were  heated  electrically  while  Tube  3 
(containing  more  aluminum)  was  cooled  with  ice-water.  The  bromide 
was  thus  distilled  in  a  slow  current  of  nitrogen  at  a  temperature  slightly 
below  its  melting-point  into  Vessel  3.  About  20  g.  was  left  in  the  reaction 
vessel;  this  residue  must  have  contained  the  least  volatile  impurities,  if 
there  were  such. 

After  this  first  fractional  distillation  the  portion  in  Vessel  3  was  di- 
gested in  a  very  slow  current  of  nitrogen  at  200  °  for  one  hour.  Without 
stopping  the  current  of  nitrogen  the  temperature  was  raised  and  the  first 
fraction  (15-20  g.)  of  the  distillate  was  distilled  over  into  the  cooled 
vessel  4.  Subsequently  the  whole  apparatus  was  allowed  to  cool  and 
stopcock  At  cut  off.  Tube  3  was  cooled  with  ice,  the  capillary  connecting 
tubes  2  and  3  was  sealed;  and  tube  4,  containing  the  most  volatile  im- 
purities, if  any,  was  disconnected  from  the  magnetic  valve  by  sealing  the 
capillary  between  them.  The  remainder  of  the  pure  colorless  bromide 
to  be  further  fractioned  for  analysis  was  treated  as  follows. 

That  part  of  the  system  comprising  Tubes  Nos.  5, 6,  the  sampling  bulbs, 
Tube  F  and  Drying-system  D  was  evacuated  through  the  phosphorus 
pentoxide  tubes;  connection  was  made  between  this  System  and  vessel  3 
by  breaking  the  magnetic  valve  M,  and  the  apparatus  was  again  evacuated. 
Next,  Tube  3  and  the  broken  magnetic  valve  were  heated  electrically 
while  Tube  5  was  cooled  with  filter  paper  kept  wet  with  ice-water.  The 
temperature  was  regulated  so  as  to  carry  on  the  distillation  at  as  low  a 
temperature  as  possible.  In  an  oven  kept  at  1200  the  aluminum  bro- 
mide sublimed  in  vacuo,  and  at  1300  distilled  very  slowly  into  the  cooled 
vessel  5.  About  10  g.  was  left  behind  in  Tube  3,  thus  affording  another 
fractionation  as  regards  less  volatile  impurities.  From  this  Tube  5,  now- 
separated  from  Tube  3  by  sealing  an  intervening  capillary,  the  bromide 
was  distilled  fractionally  into  the  several  bulbs  in  which  it  was  subse- 
quently weighed.    Tube  5  and  that  part  of  the  tubes  leading  to  the  samp- 
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ling  bulbs1  above  the  capillary  were  incased  in  a  fixed  electric  oven 
(kept  at  125-135  °)  which  remained  in  this  position  during  the  entire 
sampling  process.  The  bulbs  and  capillaries  were  heated  by  means  of  an 
adjustable  oven  which  could  be  moved  along  so  as  to  heat  all  the  bulbs 
except  that  in  which  a  sample  was  being  taken.  This  adjustable  oven 
was  kept  at  the  temperature  some  75  °  higher  than  was  the  fixed  oven 
above — a  precaution  which  prevented  distillation  into  bulbs  other  than  the 
one  in  which  a  sample  was  to  be  collected.  The  first  portion  of  distillate, 
collected  and  sealed  in  Bulb  6,  was  rejected.  The  capillary  of  Valve  M 
and  the  capillary  connecting  Tube  7  and  the  sample  bulbs  became  plugged 
with  solid  bromide — a  portion  which  constituted  another  fraction,  as  it 
was  likewise  taken  from  Tube  5. 

When  a  sample  bulb  had  been  filled  about  */*  full  of  liquid  aluminum 
bromide,  the  capillary  above  it  was  sealed  off  with  a  very  small  flame. 
The  movable  oven  was  then  changed  in  position  so  as  to  cool  another 
bulb,  and  another  sample  taken  as  before.  In  this  manner  8  samples 
were  taken. 

Method  of  Analysis. 

Bach  sample  bulb  (as  may  be  seen  from  the  figure)  had  on  one  end  a  solid 
rod  while  on  the  other  end  was  a  capillary,  which  had  been  sealed  off  from 
the  apparatus.  This  capillary  was  converted  into  another  solid  rod  by  a 
small  flame.  To  make  proper  vacuum  corrections  the  exterior  volume  of 
each  bulb  separately  was  determined  by  weighing  in  water  and  subtracting 
this  weight  from  the  weight  in  air,  the  temperature  and  pressure  being 
noted.  As  the  specific  gravity  of  single  bulbs  varied  from  1 .  77  to  2 . 6,  a 
specially  calculated  correction  for  the  buoyancy  of  air  for  each  bulb 
was  used,  varying  from  0.53  mg.  to  0.32  mg.  per  apparent  gram.  Each 
bulb,  just  before  weighing,  was  scratched  with  a  very  sharp  razor  blade  on 
both  ends  very  near  to  the  solid  rods.  After  scratching  it  was  washed  in 
alcohol,  rinsed  in  distilled  water  and  wiped  dry  with  clean  lintless  cloth. 
Before  its  precise  weighing  (by  substitution)  the  sample  bulb  was  allowed 
to  remain  in  a  desiccator  for  several  hours. 

Great  care  was  necessary  in  dissolving  the  sample  in  water,  owing  to 
the  great  heat  of  solution  and  the  consequent  danger  of  loss  of  either 
bromide  or  glass.  Samples  from  the  first  trial  synthesis  were  broken 
in  various  ways  to  determine  the  best  conditions  for  dissolving  the  bromide 
without  loss.  After  the  discarding  of  a  number  of  only  partially  suc- 
cessful devices,  a  method  was  devised  which  proved  altogether  satisfac- 
tory in  that  the  rate  of  solution  could  be  adequately  controlled  and  fuming 
prevented.  This  method  of  breaking  and  solution  was  used  for  *11  the 
samples  analyzed  from  the  final  synthesis. 

An  amount  of  water,  which  was  roughly  sufficient  to  make  a  N  solu- 
1  Vessel  5  and  the  sampling  bulbs  were  actually  in  line  with  each  other. 
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tion  with  the  bromide  contained  in  the  bulb  to  be  broken,  was  placed  in  a 
heavy-walled  ground-stoppered  flask.  The  water  was  frozen  with  a 
freezing  mixture  of  ice  and  calcium  nitrate,  c.  p.,  (all  anions  precipitated 
by  silver  being  for  safety  excluded).  The  ice  thus  formed  inside  the  flask 
was  then  further  cooled  by  means  of  solid  carbon  dioxide  and  alcohol. 
This  served  to  cause  the  ice  to  contract  and  break  away  from  the  surface 
of  the  glass.  When  the  flask  was  thoroughly  cold  the  scratched,  weighed 
sample-bulb  was  carefully  introduced  and  allowed  to  slip  down  the  side 
of  the  flask  to  the  ice.  After  the  stopper  had  been  replaced  it  was  cov- 
ered with  chemically  clean  cloth  and  tied  down.  A  slight  shaking  of  the 
bulb  against  the  ice  on  the  sides  of  the  flask  was  sufficient  to  break  off  both 
ends  of  the  bulb  at  the  scratches.  Sufficient  ice  was  melted  to  allow  the 
solution  to  go  on  very  slowly  and  without  any  fuming.  When  the  reaction 
seemed  to  become  too  rapid  the  flask  was  again  strongly  cooled.  The 
rate  of  solution  was  so  well  controlled  that  an  hour  was  generally  con- 
sumed in  the  solution  of  each  sample. 

The  stoppered  flask  was  allowed  to  stand  one  hour  more  after  comple- 
tion of  solution.  The  flask  was  then  opened  and  diluted,  a  few  drops  of 
nitric  acid  being  added  to  prevent  hydrolysis.  The  diluted  solution  was 
filtered  very  carefully  through  a  weighed  Gooch-Munroe  hat-form  platinum 
crucible1  into  a  precipitating  flask.  The  crucible  with  the  broken  bulb 
after  drying  in  an  air-bath  was  again  weighed  and  the  weight  of  the  empty 
bulb  thus  ascertained.  The  solution  of  aluminum  bromide  was  diluted 
so  as  to  be  about  o.  i  N  and  was  precipitated  with  silver  solution,  using 
the  usual  Harvard  methods.  After  precipitation  2  or  3  cc.  of  distilled 
nitric  acid  was  added  to  prevent  the  hydrolysis  of  aluminum  nitrate  formed. 
The  end-point  of  precipitation  was  then  ascertained  with  the  assistance 
of  the  nephelometer. 

In  order  to  make  sure  that  no  powdered  glass  should  be  rubbed  off  from 
the  stopper  of  the  Erlenmeyer  flask  this  stopper  had  been  very  carefully 
ground,  first  with  fine  emery,  and  finally  with  rouge.  After  this  treat- 
ment, a  blank  experiment  (involving  about  10-fold  as  much  rubbing  as 
occurred  in  an  analysis)  yielded  only  0.01  mg.  of  glass  powder  which 
could  be  caught  by  the  Gooch-Munroe  crucible  used  for  the  collection  and 
weighing  of  the  shattered  bulb.  Hence  no  correction  was  needed  on  this 
account,  when  the  silver  bromide  was  weighed. 

Five  samples  were  analyzed.  In  one  case  (Sample  b)  the  ratio  AlBrj: 
3AgBr  was  determined;  in  4  cases  (Samples  a,  dt  et  /,)  the  ratio  AlBr*: 
3Ag  was  ascertained.  Sample  c  was  accidently  contaminated  after  open- 
ing by  a  piece  of  broken  glass  rod,  which  could  not  be  separated  from 
the  fragments  of  the  bulb.  The  analysis  of  this  sample  was  therefore  not 
finished.  The  complete  weighings  of  a  single  analysis  follow. 
1  T.  W.  Richards,  This  Journal,  31,  11 46  (1909). 
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Analysis  of  Bulb  No.  i . 

G.  G. 

Bulb  No.  i  in  air 7  .79985 

Correction  for  vacuum  (Sp.  gr.  2.215) 0.00312 


Bulb  No.  1  in  vacuo 7 .80297  7 .80297 

Glass  of  bulb  No.  1  in  air 2  .  7641 1 

Corr.  for  vac.  (Sp.  gr.  2.6) o  .00088 


Glass  in  vacuo 2 .76499  2  .76499 


Aluminum  bromide  (in  vac.) 5  ©3798 

Silver  in  air 6.11310 

Con*,  for  vac o  .00019 


Silver  in  vacuo 6 . 1 1 291 

Silver  added  in  titration o  .00033 


Total  amount  of  Ag  (in  vac.) 6.1 1324  6 . 1 1324 

All  weighings  were  thus  corrected  for  vacuum  by  the  application  of  the 
following  corrections  per  gram:  Silver,  — 0.000031;  silver  bromide, 
+0.000043;  glass,  +0.00032.  The  atomic  weight  of  bromine  was  taken 
as  79.916,  that  of  silver  as  107.88. 

In  the  following  tables  the  results  are  summarized. 

Tablb  I. 

Preliminary  Analysis. 

The  Ratio  of  Aluminum  and  Silver  Bromides. 

Weights  in  Grams. 

Wt.  of     Wt.  of  AgBr        Wt.  of         Corrections  ap-        Total  Atomic 

Sam-       AlBra       in  vac.  be-     AgBr  in  vac.    plied  for  AgBr       amount  weight  of 

pie.       in  vac.      fore  fusing,     after  fusing.        dissolved.  AgBr.  AlBra:  3AgBr.    aluminum. 

2       3.23784     6.84028  6.8397  0.00026  6.83996  0.47337  26.944 


Tablb  II. 
The  Ratio  of  Aluminum  Bromide  to  Metallic  Silver. 

Weight  of  Weight  of  Atomic 

Sample       AlBra  in  vacuo.       Ag  in  vacuo.  weight  of 

Sample.  Ag.  G.  G.  AlBra:  3  Ag.  aluminum. 

I B  5 .03798  6. 1 1324  O.8241 IO  26.967 

4 A  5 .40576  6.55955  0.824105  26.965 

5 B  3.41815  4.14786  0.824076  26.956 

6 A  1 .98012  2.40285  0.824071  26.954 


Average  o .  824090  26 . 960 

Total 15.84201         19.22350  26.963 

The  last  figure,  26 .  963,  which  weights  the  analyses  according  to  the  mass 
of  material  employed,  is  probably  the  most  acceptable  outcome  of  this 
work.  This  value  is  about  0.5%  lower  than  the  usually  accepted  value 
27. 1.    The  probable  error  of  the   result  is  very  small.    Whether  or  not 
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there  may  be  a  constant  error  from  some  entirely  unknown  cause  lurking 
in  the  procedure,  it  is,  of  course,  impossible  to  say.  But  there  can  be  no 
doubt  that  the  outcome  is  more  to  be  depended  upon  than  Mallet's  for 
the  reasons  already  specified.  Moreover,  the  single  preliminary  analysis 
of  Table  I  (in  which  silver  bromide  was  weighed)  not  only  served  as  a 
guide  to  the  amount  of  silver  to  be  used  in  the  following  titrations,  but 
also  confirms  the  others  in  proving  that  no  important  amount  of  im- 
purity existed  either  in  the  silver  or  bromine — at  least  as  far  as  a  single 
determination  can  carry  any  weight.  The  fused  silver  bromide  was  a 
clear  pale  greenish-yellow.  The  close  agreement  of  all  the  analyses  of 
the  final  series  shows  that  the  samples  used  for  analysis  were  chemically 
identical.  The  small  variations  are  to  be  ascribed  to  the  inevitable  small 
errors  of  experiment. 

The  value  26.963  indicated  by  the  present  research  agrees  fairly  well 
with  Thomsen's  26.99,  which  also  seems  to  have  been  more  carefully 
carried  out  than  Mallet's  work  involving  the  same  process.  Accordingly 
modern  evidence  seems  to  show  that  the  atomic  weight  of  aluminum  is 
really  less,  not  more,  than  27.  Theorists  interested  in  the  underlying 
determining  factors  of  atomic  weights  and  those  concerned  with  the  struc- 
ture of  the  atom  will  note  with  interest  that  the  new  value  is  distinctly 
nearer  a  whole  number  than  the  old  one  and  that,  as  just  stated,  it  is 
rather  less  than  more  than  this  whole  number. 

We  take  pleasure  in  acknowledging  our  indebtedness  to  the  Carnegie 
Institution  of  Washington  for  financial  support  in  this  investigation. 

Summary. 

This  paper  records  the  synthesis  and  analysis  of  pure  aluminum  bro- 
mide. The  substance  was  prepared  from  very  pure  bromine  and  the 
purest  obtainable  aluminum.  It  was  digested  3  times  in  nitrogen  at 
different  temperatures  and  fractionated  by  distillation  twice  in  nitrogen 
and  twice  in  vacuo.  The  residue  was  in  each  case  discarded,  as  were  2  of 
the  portions  first  volatilized. 

The  dose  agreement  of  all  the  5  analyses  shows  that  the  material  used 
for  analysis  was  very  nearly,  if  not  quite,  homogenous.  In  the  4  final 
analyses  15.84201  g.  of  aluminum  bromide  required  19.22350  g.  of  silver 
for  complete  combustion,  corresponding  to  an  atomic  weight  for  alum- 
inum of  26.963,  if  silver  is  taken  as  107.88,  the  current  international 
value. 

Cambjudov,  Mass. 
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HYDROGEN  OVERVOLTAGE. 
A  Reply  to  Edgar  Newbery. 

By  Duncan  A.  MacInnes. 
Received  October  11.  1920. 

In  a  recent  article,  Newbery1  has  criticized  the  papers  published,  on  hydro- 
gen overvoltage,  by  MacInnes,  Adler,  and  Contieri.  The  lack  of  agreement 
between  this  author  and  ourselves  is,  among  other  things,  due  to  a  differ- 
ence in  the  use  of  the  term  "overvoltage."  According  to  Newbery's 
implied  definition  the  expression  should  be  reserved  for  potentials  de- 
termined by  a  commutator  device,  which  periodically  opens  the  exciting 
current  at  the  electrode  under  examination  and  closes  the  potentiometer 
circuit  connecting  this  electrode  and  a  reference  electrode.  In  the  work 
of  MacInnes  and  Adler,*  and  of  practically  every  worker  in  this  field, 
the  exciting  current  remains  flowing  while  the  potentiometer  measurements 
are  made.  Aside  from  the  undoubted  privilege  of  an  author  to  define  a 
term,  within  its  range  of  meaning,  in  the  sense  most  suitable  for  his  pur- 
pose, I  can  find  no  precedents  in  the  chemical  literature  for  Newbery's 
objection  to  our  use  of  the  word.9  In  fact  Newbery  appears  to  be  nearly, 
if  not  quite/alone  in  thus  restricting  the  meaning  of  the  term. 

I  will,  therefore,  use  the  term  "overvoltage"  in  what  follows  as  "the 
difference  of  potential  that  exists  between  a  reversible  hydrogen  elec- 
trode and  an  electrode,  in  the  same  solution,  at  which  hydrogen,  H2, 
is  being  formed  from  hydrogen  ions."4  The  expression,  "counter  elec- 
tromotive force"  will  be,  in  the  lack  of  a  better  term,  used  for  the  potential 
obtained  by  a  commutator  device.  The  difference  between  overvoltage 
and  counter  electromotive  force,  in  the  senses  just  described,  is  New- 
bery's "transfer  resistance." 

My  interpretation  of  Newbery's  criticism  is  this,  that  the  counter  e.  m.  f . 
is  more  important  and  fundamental  than  the  overvoltage  since  the  latter 
is  a  combination  of  the  counter  e.  m.  f.  and  the  "transfer  resistance," 
the  "transfer  resistance"  being,  in  turn,  dependent  upon  the  current 
density,  the  resistance  of  the  electrolyte,  the  external  pressure,  etc.  This 
is,  of  course,  a  criticism  of  all  work  on  overvoltage  not  carried  out  with  a 
commutator  device.  It  is  evident  that  the  concept  of  "transfer  resistance" 
should  receive  careful  consideration. 

The  measurements  by  MacInnes  and  Adler  were  made  with  an  apparatus 
shown  diagrammatically  in  Fig.  1.    Vessel  Ci  held  a  rod  of  zinc,  C2  the 

1  This  Journal,  42,  2007  (1920). 

•  Ibid.,  41,  194  (1919). 

'  See,  for  instance,  Caspari,  Z.  physik.  Chetn.,  30,  89  (1899);  Tafel,  ibid.,  50,  641 
(1904);  Lewis  and  Jackson,  ibid.,  56,  193  (1906);  Thiel  and  Breuning,  Z.  anorg.  Chem., 
83i  329  (1913);  Coehn  and  Dannenburg,  ibid.,  38,  609  (1901);  Mott,  Trans.  Am.  Elec- 
trochem.  Soc.,  15,  569  (1909);  Rideal,  This  Journal,  42,  94  (1920). 

4  MacInnes  and  Adler,  loc.  cit. 
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electrode  under  observation,  and  C3  the  reference  hydrogen  electrodes. 
Between  the  electrodes  in  Q  and  Q*  was  placed  an  adjustable  source  of 
potential  opposite  to,  and  slightly  lower,  than  that  naturally  present 
between  the  electrodes.  Between  the  electrodes  in  C*  and  Ca  a  potentio- 
meter was  connected  as  shown.    Newbery  contends  that  a  film  of  gas 

forms  over  the  electrode  in  Ct  producing 
an  electrical  "transfer  resistance"  at  the 
surface.  Our  experiments  have  shown, 
however,  that  gas  does  not  cover  more 
than  a  very  small  part  of  the  electrode 
surface  at  the  current  densities  of  our 
experiments.  Gas  evolution  took  place 
from  one  or  two  favored  spots,  appar- 
ently holding  nuclei  of  the  gas  phase.  In 
the  absence  of  these  nuclei,  gas  evolution 
did  not  occur  even  at  considerably  higher 
voltages  (see  Maclnnes  and  Adler,  p. 
200).  In  fact,  the  continued  evolution 
of  bubbles  appears  to  be  a  sensitive  test 
F,g*  '*  for  the  presence  of  gas  phase  on  an  elec- 

trode surface.  This  is  precisely  analogous  to  the  gas  evolution  from  a 
surface  immersed  in  a  supersaturated  gas  solution  or  in  a  superheated 
liquid.  The  presence  of  a  gas  film  covering  any  large  portion  of  the  elec- 
trode surface  and  of  an  ohmic  '  'transfer1 '  resistance  due  to  such  a  film  are, 
at  least,  open  to  serious  question.1 

Further,  Newbery  himself  points  out  quite  logically,  in  a  paper  referred 
to  in  his  criticism,1  that  the  existence  of  "transfer  resistances"  at  the  sur- 
faces of  electrodes  means  that  all  conductance  measurements  are  in  error 
since,  if  the  supposed  resistance  exists  only  during  the  time  that  the  cur- 
rent is  passing,  the  errors  resulting  would  not  be  overcome  by  the  usual 
artifice  of  using  an  alternating  current.  These  transitory  resistances 
are,  according  to  this  paper,  of  surprising  magnitude,  being  as  high  as 
1000  ohms  for  cells  containing  solutions  whose  resistances  are  of  the  order 
of  10  ohms.  Also,  he  finds  that  the  "transfer  resistances"  are  greatest 
at  low  current  densities!    In  one  case  mentioned  2  platinized  electrodes, 

1  An  attempt  was  recently  made  in  this  laboratory,  by  Mr.  W.  R.  Hainsworth, 
to  determine  whether  the  overvoltage  readings  of  the  apparatus  represented  in  Fig.  1 
are  independent  of  the  resistance  of  the  circuit  including  the  potentiometer  and  the 
electrodes  in  Ci  and  C».  Capillary  tubing  of  different  sizes  was  placed  between  the 
vessels,  without  changing  the  readings,  and  finally,  a  large  wide  tube  filled  with  elec- 
trolyte connected  Vessels  Ci,  C»  and  Ca,  again  without  effect.  In  this  apparatus  the 
reference  electrodes  are  apparently  uninfluenced  by  the  current  passing  between  the 
electrodes  in  Ci  and  Cj,  at  least  for  the  current  densities  of  our  experiments. 

*  Trans.  Faraday  Soc,  15,  126  (1919). 
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2X1  cm.  and  2  cm.  apart,  dipping  into  N  sulfuric  acid  an  arrangement 
having  a  resistance  of  about  4  ohms  by  the  usual  methods,  gave  a  "trans- 
fer resistance"  of  180  ohms  at  the  lowest  current  density  (2  milliamperes). 
In  view  of  these  figures  it  would  appear,  if  they  have  any  basis  in  reality, 
that  all  electrolytic  conductance  work  is  subject  to  large  errors.  How- 
ever, the  precision  with  which  conductances  can  be  measured  and  the 
agreement  of  the  results  of  numerous  workers  using  quite  different  po- 
tentials, current  densities,  and  electrodes,  is  strong  evidence  against  errors 
due  to  such  a  source,  and  against  the  presence  of  "transfer  resistances" 
of  any  appreciable  magnitude.  Also,  the  same  author  has  published1 
results  of  conductance  measurements  carried  out  by  determining  the 
potential  drop  between  2  reversible  electrodes  in,  and  the  current  passing 
through,  a  solution  of  an  electrolyte.  These  measurements  were  inde- 
pendent of  phenomena  occurring  at  irreversible  electrodes.  His  results 
are,  with  one  exception,  within  a  few  tenths  of  a  per  cent,  of  the  accepted 
values,  and  the  deviations,  which  are  both  positive  and  negative,  are 
readily  explainable  by  the  errors  of  the  method.  Since  the  experiments 
just  referred  to  were  apparently  designed  to  demonstrate  the  existance  of 
"transfer  resistance"  errors,  it  does  not  appear  that  the  author  has 
proved  his  point. 

Further,  Eastman,1  in  a  recent,  very  careful,  investigation  finds  that 
the  difference  between  the  conductances  determined  by  direct  and  al- 
ternating current  measurements  (using  nonpolarizing  electrodes)  is  of 
the  order  of  0.02-0.03%  and  that  both  agree  with  the  results  of  Kohl- 
rausch  with  about  the  same  accuracy.  Newbery's  contention,  which  seems 
to  me  to  be  quite  unjustified  on  theoretical  grounds,  that  the  effects  of 
his  "transfer  resistance"  would  disappear  if  a  pure  sine  wave  were  used, 
is,. at  least,  unnecessary,  since  Kohlrauchs's  results  with  an  unsymmetrical 
current  from  an  induction  coil,  agree,  with  the  accuracy  just  stated,  with 
Eastman's  values  using  direct  current  and  symmetrical  alternating  cur- 
rent. Clearly,  then,  the  evidence  from  conductance  measurements  is 
against  the  presence  at  electrodes  of  "transfer  resistances"  of  any  ap- 
preciable magnitude. 

The  solution  of  the  whole  difficulty  lies,  I  am  convinced,  in  the  realiza- 
tion of  the  facts  (a)  that  the  overvoltage  is  larger  than  the  counter  e.  m.  f . 
and  (b)  that  the  difference  between  the  quantities  is  a  potential  and  not 
a  resistance.  Also,  it  appears  to  me,  that  all  the  phenomena  so  far  ob- 
served in  this  field,  including  those  brought  to  light  by  Newbery's  ex- 
periments, can  readily  be  explained  by  the  theory  as  originally  advanced 
by  Maclnnes  and  Adler.  According  to  them,  "Hydrogen  overvoltage 
is  due,  primarily,  to  a  layer  of  supersaturated  dissolved  hydrogen  in  the 

1  /.  Chem.  Soc,  113,  701  (1918). 

2  This  Journal,  42,  1648  (1920). 


Digitized  by 


Google 


2236  DUNCAN  A.  MacINNES. 

electrolyte  surrounding  an  electrode."1  Since  the  potential,  in  all  prob- 
ability, has  its  origin  where  the  conductors  change  from  ions  to  electrons, 
emphasis  was  placed  upon  the  dissolved  hydrogen  in  the  electrolyte  rather 
than  that  absorbed  in  the  metal  since  in  the  latter  the  hydrogen  is  part  of 
a  metallic  conductor.  The  gas  phase  can  have  only  a  secondary,  though 
important,  effect,' being  nonconducting.  According  to  this  hypothesis 
hydrogen  overvoltage  does  not  differ  from  concentration  polarization. 
The  magnitude  of  the  effect  lies,  in  all  probability,  in  the  fact  that  hy- 
drogen, when  dissolved,  is  not  an  electrolyte,  and  does  not  tend  to  migrate 
away  from  the  electrode.  Once  formed  it  must  be  removed  by  diffusion, 
stirring,  or  by  formation  of  the  gas  phase.  The  obvious  difficulty  with 
this  hypothesis  is  that  for  the  higher  overvoltages  the  concentrations  (or 
the  pressures  necessary  to  produce  the  concentrations)  are  inconceivably 
great  if  computed  from  the  usual  Nernst  equation.  However,  we  are 
dealing  here,  not  with  pressures  in  the  usual  sense,  but  with  "fugacities."* 
The  recent  work  on  fugacities  of  ions  shows  that  above  moderate  concen- 
trations the  ion  fugacities  increase  much  more  rapidly  than  the  ion  con- 
centrations.9 An  investigation  is  now  in  progress  in  this  laboratory  to 
determine  whether,  for  high  pressures  of  hydrogen,  the  fugacity  differs 
markedly  from  the  pressure.  Until  the  results  of  this  investigation  are 
at  hand  this  part  of  our  explanation  must  be  of  the  nature  of  a  hypothesis. 
However,  this  hypothesis  affords  a  ready  explanation  of  all  the  phenomena 
in  this  field,  as  I  hope  to  demonstrate  below. 

According  to  this  theory  all  the  overvoltage  is  due  to  a  layer  of  super- 
saturated hydrogen  solution,  no  part  of  the  effect  being  assigned  to 
resistance. 

There  remains  an  important  question.  Why  does  the  overvoltage 
differ  from  the  counter  e.  m.  f.?  According  to  Newbery  the  values  of  the 
counter  e.  m.  f.  are  determined  by  the  decomposition  potentials  of  un- 
stable hydrides  formed  on  the  surface  of  the  electrodes.  It  is  probable 
that  this  explanation  is  the  correct  one  for  a  great  number  of  cases.  How- 
ever, the  fact  must  be  recognized  that  the  formation  of  these  hydrides  is 
a  consequence  of,  and  in  no  way  an  explanation  of,  overvoltage.  In  an 
exactly  analogous  manner  the  deposition  of  metals  above  hydrogen  in  the 
electromotive  series  results  from,  but  does  not  explain,  the  failure  of  hy- 
drogen to  form  gas  at  the  reversible  potential.  According  to  the  hypothesis 
advanced  by  Maclnnes  and  Adler  the  deposition  of  metals  high  in  the 
electromotive  series  and  the  formation  of  unstable  hydrides  are  both 
due  to  the  building  up,  during  electrolysis,  of  a  layer  of  dissolved  hydrogen 
of  high  fugacity. 

1  hoc.  cit.,  p.  207. 

1  Lewis,  Proc.  Am.  Acad.  Sci.t  43,  259  (1907). 

1  See  the  compilation  by  Noyes  and  Maclnnes,  This  Journal,  4a,  243  (1920). 
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If  the  formation  of  hydrogen  at  an  electrode  is  periodically  interrupted 
by  a  commutator  device,  as  in  Newbery's  work,  this  dissolved  layer  of 
hydrogen  will  begin  to  diffuse  or  be  stirred  away  from  the  surface  and  the 
voltage  will  drop  rapidly.  However,  if  the  electrode  surface  contains  an 
unstable  hydride  this  will  act  as  a  reservoir  of  hydrogen  of  high  fugacity, 
keeping  the  voltage  from  falling  below  the  decomposition  potential  of 
the  hydride  until  the  exciting  current  is  again  applied.  The  oscillograph 
work  of  Le  Blanc1  demonstrates  that  with  an  electrode  at  which  gas  is 
evolved,  the  potential  drops  rapidly,  but  by  no  means  instantaneously, 
to  a  constant  value  of  the  counter  e.  m.  f.,  after  the  exciting  current  is 
disconnected.  This  relatively  slow  decrease  of  potential  indicates  the 
presence  of  material  capable  of  yielding  higher  potentials  than  those  of  the 
unstable  hydrides  just  referred  to. 

If  a  metal  has  a  potential  higher  than  hydrogen  in  the  electromotive 
series  the  diffusion  or  stirring  away  of  dissolved  hydrogen  from  the  sur- 
face may  cause  the  potential  to  drop,  when  the  exciting  current  is  in- 
terrupted, until  the  metal  of  the  electrode  can  form  ions,  after  which 
no  further  decrease  can  occur.  For  instance,  when  the  exciting  current 
is  applied  to  an  amalgamated  zinc  electrode  in  sulfuric  acid  the  reactions 
occurring  will  be  the  deposition  of  nearby  zinc  ions  (formed  by  "local 
action")  and  the  discharge  of  hydrogen  ions.  The  open  circuit  voltage 
would,  therefore,  be  expected  to  be  that  of  the  zinc,  in  sulfuric  acid  con- 
taining few  or  no  zinc  ions.  As  a  matter  of  fact,  the  potential  of  amal- 
gamated zinc  in  fresh  normal  sulfuric  acid  against  a  hydrogen  electrode 
in  the  same  solution  was  found  by  the  writer  to  be  0.84  volt,  whereas 
Newbery's  counter  e.  m.  f.  (or  according  to  his  definition  "overvoltage") 
measurements  yielded  0.88  to  0.70  volt.1  Further,  Newbery  gives  0.16 
to  0.29  and  0.27  to  0.23  volt  for  the  counter  e.  m.  f .  measurements  of  nickel 
and  cobalt,  respectively,  whereas  the  "normal  potentials"  against  a 
hydrogen  electrode  are  0.22  and  0.29  volt.  It  seems  nearly  certain,  there- 
fore, that  in  these  cases,  and  some  others,  the  potentials  that  Newbery 
measured  do  not  correspond  to  the  decomposition  of  unstable  hydrides, 
but  are  caused  by  the  formation  of  ions  by  the  metals  themselves. 

The  considerations  of  the  preceding  paragraphs  indicate  clearly,  I 
think,  why  the  counter  e.  m.  f .  is  nearly  independent  of  the  current  density 
and  the  external  pressure.  It  is  also  evident  that  nothing  valuable  with 
regard  to  the  relation  of  counter  e.  m.  f .  to  valence,  passivity,  etc.,  need 
be  lost  by  adopting  the  theory  advanced  by  Maclnnes  and  Adler.  Since, 
by  our  hypothesis,  overvoltage  is  a  concentration  effect,  it  is  equally  ob- 
vious that  the  overvoltage  should  be  dependent  upon  the  current  density. 

1  "Abhandlungen  der  Deutchen  Bunsen-Gesellschaft,"  No.  3. 

1  Mem.  Manchester  Literary  and  Philosophical  Soc,  61,  (9)  3  (191 7). 
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The  influence  of  external  pressure  is  more  complicated,  but,  as  is  demon- 
strated in  the  earlier  papers,  follows  directly  from  our  theory.1 

In  conclusion,  it  is  probable  that  I  have  not  met,  in  detail,  all  of  New- 
bery's  objections  to  the  theory  proposed  by  Maclnnes  and  Adler,  and  I 
am,  naturally,  in  the  dark  as  to  the  "many  other"  objections  that  he  holds 
in  reserve.  However,  enough  is  probably  outlined  above  to  indicate  the 
fundamental  difference  of  point  of  view  upon  which  Newbery's  aggressive 
criticism  is  based. 

Cambridge  39,  Mass.  

[Contribution  prom  thb  Burbau  op  Chemistry,  United  States  Department  op 

Agriculture.  ] 
THE  QUANTITATIVE  ESTIMATION  OF  PHOSPHATIDES. 

By  D.  H.  Brauns  and  John  A.  MacLaughlin. 

Received  May  28,  1920. 

The  determination  of  phosphatides  is  often  required  in  the  analysis  of 
foods  and  drugs.  In  the  case  of  foods,  phosphatides  frequently  serve  as 
an  index  to  the  quantity  of  egg  yolk  in  the  food  under  examination.  In 
the  analysis  of  drugs,  it  is  often  necessary  to  determine  phosphatides  in 
order  to  establish  whether  or  not  statements  made  concerning  the  lecithin 
content  of  the  preparation  are  warranted.  Experience  has  shown  that 
none  of  the  methods  hitherto  proposed  for  the  separation  of  phosphatides 
from  such  products  is  wholly  satisfactory,  for  one  reason  or  another.  The 
investigation  herein  presented  was  undertaken  for  the  purpose  of  devising 
a  method  which  would  be  satisfactory.  Since  Maclean's2  recent  book, 
renders  the  publication  of  a  bibliography  superfluous,  the  references  given 
in  the  present  work  have  been  limited  to  publications  that  offer  sugges- 
tions of  value  for  our  particular  purposes. 

For  the  estimation  of  phosphatides  we  have  considered  2  different  phos- 
phatides, first,  lecithin,  which  is  generally  agreed  to  be  a  combination  of 
glycerophosphoric  acid,  choline,  oleic  acid  and  stearic  acid,  and  to  have 
the  formula  C44H86NPO9  or 

H2  —  C  —  O  —  COCl7Hw 

I 
H  —  C  —  O  —  COC,7H,i 

I        =0 

HL  —  C  —  CO  —  P OCHsCH,  —  N  =  (CH,), 

OH  J 

OH 

1  A  forthcoming  paper  from  this  laboratory  will  deal  with  the  question  of  the  rela- 
tion of  overvoltage  to  pressure.  For  the  present  purpose  it  is  sufficient  to  say  that  the 
results  of  Goodwin  and  Wilson,  mentioned  in  our  first  paper,  have  been  confirmed  as 
to  the  direction  of  the  effect.  The  excess  pressure  in  small  bubbles  has  been  considered 
and  must  be  taken  into  account  for  higher  overvoltages.  However,  this  extra  pressure 
is  very  small  for  the  comparatively  large  bubbles  from  platinized  platinum  electrodes, 
and  it  does  not  sensibly  affect  the  computations  published. 

*  H.  Maclean,  "Lecithin  and  Allied  Substances,  the  Li  pins,"  Longmans,  Green  & 
Co.,  London,  1918. 
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and,  second,  kephalin,  which  is  known  to  contain  glycero-phosphoric 
acid,  amino  ethyl  alcohol,  stearic  acid  and  an  unsaturated  acid,  and 
to  contain  4.17%  of  phosphorus.1  Since  choline  and  amino  ethyl 
alcohol  are  the  characteristic  cleavage  products  which  distinguish 
phosphatides  from  similar  biological  substances,  especially  the  fats,  a 
method  for  the  estimation  of  phosphatides  based  upon  the  determination 
of  these  characteristic  constituents  should  yield  satisfactory  results  and 
should  be  successful  in  excluding  phosphorus-containing  compounds  other 
than  phosphatides  from  the  estimation.  The  method  may  properly  be 
applied  as  Maclean2  has  shown  that  most  phosphatides  in  tissues  consist 
of  8/4  lecithin  and  y4  kephalin,  and  the  necessity  for  its  use  is  demon- 
strated by  Wintgen  and  Keller,8  who  have  proved  that  a  simple  nitrogen 
determination  is  not  reliable  as  a  measure  of  the  nitrogen  content  of 
phosphatides. 

For  this  reason  the  method  for  the  estimation  of  phosphatides  which 
we  propose  involves  several  processes,  namely,  the  separation  of  the 
phosphatides  from  the  other  substances  in  the  material  to  be  analyzed 
and  the  determination  of  phosphorus,  of  choline  and  of  amino  nitrogen 
in  the  mixed  phosphatides  after  they  have  been  obtained  free  from  adven- 
titious matter. 

Separation  of  Phosphatides — Recognized  Methods. 

Beyer4  first  observed  that  seeds  extracted  with  ether  yield  a  certain 
per  cent,  of  organic  phosphorus-containing  substances  and  that  a  subse- 
quent extract  obtained  with  warm  alcohol  yields  to  ether  more  of  the 
organic  phosphorus-containing  substance,  observations  which  were  sub- 
sequently confirmed  by  Jacobson.5  The  same  phenomenon  was  also  ob- 
served when  egg  yolk  and  animal  tissues  were  treated  with  ether  and 
alcohol.  Hoppe-Seyler6  suggested  that  lecithin  may  be  present  in  egg 
yolk  partly  in  the  free  from  and  partly  bound  to  vitellin.  The  combina- 
tion is  decomposed  by  alcohol  but  not  by  ether.  Schulze  and  Steiger,7 
found  this  suggestion  correct  in  the  case  of  plant  and  animal  tissues. 
Schulze8  based  a  method  for  the  quantitative  estimation  of  phosphatides 
on  these  results.  His  original  procedure  was  extraction  of  the  finely  pul- 
verized material  with  anhydrous  ether  followed  by  extraction  with  boil- 
ing absolute  alcohol,  the  phosphatides  being  determined  in  the  combined 
extracts.  He  also  suggested  a  modification  in  which  the  residue  obtained 
1  P.  A.  Levene  and  C.  J.  West,  /.  Biol.  Chem.,  33,  1 1  (1918). 
1  H.  Maclean,  Biochem.  J.,  9,  351  (1915). 

•  Wintgen  and  Keller,  Archiv.  Pharm.,  244,  3  (1906). 
4  Ad.  Beyer,  Landw.  Vet.  Sta.,  14,  161  (187 1). 

•  H.  Jacobson,  Z.  physiol.  Chem.,  13,  38  (1889). 

•  F.  Hoppe-Seyler,  Handbuch  physiol.  Chem.,  1877,  p.  781. 

7  E.  Schulze  and  E.  Steiger,  Z.  physiol.  Chem.,  13,  365  (1889). 
»  E.  Schulze,  ibid.,  20,  225  (1895);  Chem.  Ztg.,  28,  751  (1914). 
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on  evaporation  of  the  combined  ether  and  alcohol  extracts  is  extracted 
with  ether  (secondary  ether  extract)  in  order  to  insure  the  absence  of  all 
compounds  other  than  phosphatides.  As  early  as  1884  Thudichum1  pro- 
posed a  complicated  method,  not  merely  for  the  separation  of  phosphatides 
from  other  components  of  tissues,  but  also  from  one  another.  In  1900, 
Juckenack2  proposed  the  substitution  of  warm  alcohol  for  ether  in  the 
extraction  of  phosphatides  because  not  all  the  free  lecithin  in  yolk  of 
egg  is  dissolved  by  ether.  Evaporation  of  the  alcohol  solution  should  be 
performed  at  a  temperature  not  exceeding  60  °,  the  boiling  with  alcohol 
being  reduced  to  the  time  required  for  decomposing  the  protein  compound 
of  lecithin. 

Fendler*  found  that  some  trade  lecithins  are  soluble  in  alcohol  and  some 
are  soluble  in  ether,  while  others  require  both  for  complete  solution. 
He  therefore  extracted  first  with  absolute  alcohol  and  then  with  ether, 
determining  the  phosphorus  in  the  combined  extracts. 

Erlandsen,4  who  found  all  phosphatides  which  he  separated  to  be  ether- 
soluble  after  extraction  with  alcohol,  has  shown  that  further  purification 
of  the  phosphatide  solution  by  precipitation  with  acetone  or  cadmium 
chloride  is  not  advisable  since  these  precipitations  are  not  quantitative  in 
all  cases. 

A  special  extraction  apparatus  was  used  by  Koch  and  Woods1  in  a 
method  which  is  a  simplification  of  Thudichum's  and  depends  upon  the 
difference  in  solubility  of  the  lead  salts  of  the  various  phosphatides. 

In  washing  the  ethereal  solution  of  phosphatide,  several  authors  advise 
that  the  acidity  be  low  so  that  hydrolysis  may  be  avoided.  Koch6  has 
shown  that  the  danger  of  hydrolyzing  lecithin  is  rather  slight,  and  his 
conclusions  have  been  confirmed  by  Coriat.7 

The  method  of  Koch  and  Woods  is  objected  to  by  Erlandsen8  on  the 
ground  that  a  loss  of  phosphatides  occurs  during  washing. 

Bloor9  devised  a  method  for  the  determination  of  lecithin  in  small 
amounts  of  blood  by  running  the  blood  into  a  mixture  of  alcohol  and 
ether  and  determining  the  phosphorus  content  in  an  aliquot  of  the  alcohol- 
ether  solution.  Moreover  he  found  that  inorganic  phosphates  added  to 
the  blood  can  be  easily  removed  by  shaking  the  alcohol-ether  solution 

1  J.  L.  W.  Thudichum,  "The  Chemical  Constitution  of  the  Brain,"  London,  1884. 

•  A.  Juckenack,  Z.  Nahr.  Genussm.,  3f  12  (1900). 
1  G.  Fendler,  Apoth.  Ztg.t  20,  22  and  488  (1905). 

4  A.  Erlandsen,  Z.  physiol.  Chem.,  51,  94,  151  (1907). 

•  W.  Koch  and  H.  S.  Woods,  /.  Biol.  Chem.,  1,  203  (1905);  W.  Koch,  ibid.,  3,  160 
(1907). 

•  W.  Koch,  Am.  J.  Physiol.,  11,  318  (1904). 
7 1.  H.  Coriat,  ibid.,  12,  361  (1905). 

•  A.  Erlandsen,  Z.  physiol.  Chem.,  51,  96  note  (1907). 

•  W.  R.  Bloor,  /.  Biol.  Chem.,  22,  133,  1916  (1915);  24,  452  (1915). 
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with  saturated  ammonium  sulfate  solution.  It  is  clear,  however,  that 
the  ammonium  sulfate  interferes  with  the  determination  of  nitrogen  and 
choline,  but  Bloor's  use  of  this  reagent  suggested  to  us  the  use  of  saturated 
sodium  chloride  solution  in  our  work. 

Koch  and  Woods1  washed  the  secondary  ether  extract  with  acid  chloro- 
form water  and  obtained  a  high  percentage  of  extract  phosphorus2  in  the 
wash  water.  Collison'  found  that  by  excluding  moisture  in  the  alcohol- 
ether  extraction  the  acid  washing  of  Koch  and  Woods  is  superfluous. 
Koch  and  Woods4  themselves  state  that  Schulze  was  dealing  with  rela- 
tively dry  plant  tissues  and  not  with  moist  animal  tissues  and  that,  there- 
fore, his  findings  as  to  the  solubility  of  inorganic  phosphates  in  absolute 
alcohol  and  anhydrous  ether  are  not  valid.  Later  a  convenient  method 
was  devised  for  reducing  animal  tissues  to  finely  divided  dry  powder  and 
it  was  found  that  by  employing  this  procedure  the  washing  with  acid 
chloroform-water  which  had  been  recommended  by  Koch  and  Woods 
might  be  omitted.  The  method  was  recommended  by  Leathes5  and  a 
modification  was  made  and  used  by  Robertson6  for  preparing  his  tethelin. 
Robertson's  method  is  as  follows. 

Animal  tissues  are  ground  in  a  mortar  with  3  times  their  weight  of  a  mixture 
of  equal  parts  by  weight  of  anhydrous  sodium  and  calcium  sulfates  and  the  mixture 
dried  over  a  water-bath,  stirring  occasionally  to  prevent  caking.  Under  these  condi- 
tions drying  is  extremely  rapid  and  involves  a  minimum  exposure  of  the  tissue  to  heated 
air.  In  an  hour,  a  mixture  of  60  g.  of  tissue  with  180  g.  of  sodium  and  calcium  sulfates 
becomes  white  and  easily  powdered.  This  dried  mixture  is  returned  to  the  mortar, 
finely  pulverized  and  extracted  with  absolute  alcohol  at  a  temperature  as  near  as  possible 
to  that  of  boiling  alcohol. 

For  this  purpose  Robertson  employed  a  modified  Bailey- Walker  extrac- 
tion apparatus  with  alundum  thimbles,  the  process  being  continued  for 
48  hours  to  complete  extraction. 

The  method  of  Bordas  and  de  Raczkowski7  has  found  wide  approval 
for  the  estimation  of  lecithin  in  milk.  In  common  with  other  research 
workers  in  this  field,  they  caution  that  it  is  advisable  to  avoid  unnecessarily 
high  temperature,  lecithin  being  gradually  destroyed  by  heat. 

Study  of  the  methods  cited  leads  to  the  conclusion  that  extraction  with 
ether  and  warm  alcohol  removes  all  phosphatides.  The  residue  obtained 
on  evaporation  of  the  extract  may  be  re-extracted  with  ether  for  purifica- 

1  W.  Koch  and  H.  S.  Woods,  loc.  cit. 

•  Koch  and  Woods  classify  phosphorus  under  3  headings:  (1)  Inorganic  phos- 
phorus. (2)  extract  phosphorus,  that  contained  in  organic  phosphorus-containing 
substances  which  are  not  phosphatides.    (3)  phosphatide  phosphorus. 

1  R.  C.  Collison,  /.  Biol.  Chetn.,  ut  217  (1912). 
4  W.  Koch  and  H.  S.  Woods,  idem.,  206.    .  ' 

•  J.  B.  Leathes,  "The  Fats,"  Longmans,  Green  &  Co.,  London,  1910,  p.  53. 

•  T.  B.  Robertson,  /.  Biol.  Ckem.,  24,  409  (1916). 

7  F.  Bordas  and  de  Raczkowski,  Compt.  rend.,  134,  1392  (1902). 
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tion  and  to  exclude  inorganic  phosphates.  Only  the  results  of  Juckenack 
indicate  any  objection  to  extracting  with  ether  the  residue  from  extraction 
with  warm  alcohol,  and  the  results  of  Erlandsen,1  which  are  quoted  on 
p.  2240  are  sufficient  to  overcome  this  objection. 

Proposed  Method  for  Separating  Phosphatides. 
If  enough  material  is  available,  an  extraction  yielding  about  0.300  g. 
of  phosphatides  should  be  made.  This  is  sufficient  for  the  determination 
of  phosphorus  in  duplicate  and  of  choline  and  amino  alcohol.  If  great 
accuracy  is  unnecessary,  the  amount  of  phosphatides  may  be  as  small  as 
0.200  g.  If  the  weight  of  phosphatides  available  is  less  than  0.200  g.  the 
quantitative  determination  of  phosphorus  only  is  made  and  the  presence 
of  choline  is  indicated  by  qualitative  tests,  indentification  being  effected 
by  the  periodide  or  the  mercuric  iodide  salt. 

Animal  or  vegetable  tissues  which  cannot  be  reduced  to  powder  or 
solutions  in  volatile  liquids  are  dried  with  anhydrous  sodium  and  calcium 
sulfates,  according  to  the  method  of  Robertson.1  Solutions  of  non-vol- 
atile liquids  such  as  glycerol  are  boiled  under  a  reflux  condenser  with 
absolute  alcohol  for  an  hour,  the  excess  of  alcohol  evaporated  on  the  steam- 
bath  with  occasional  stirring,  an  equal  volume  of  saturated-sodium  chlor- 
ide solution  added  to  the  residue  and  the  mixture  shaken  out  with  ether. 
Upon  addition  of  the  solution  (about  35%)  of  pure  phosphorus-free  sodium 
chloride  the  phosphatides  separate  as  a  brown  layer  on  top  of  the  liquid. 
By  adding  ether  and  gently  rotating  the  separatory  funnel,  the  phos- 
phatides are  dissolved.  The  mixture  of  glycerol  and  sodium  chloride  is 
transferred  to  another  separatory  funnel  and  the  process  of  shaking  out 
with  ether  is  repeated  several  times.  Extraction  is  completed  by  allowing 
the  glycerol-salt  solution  to  stand  overnight  in  contact  with  ether.  The 
solubility  of  phosphatides  in  glycerol  is  such  that  the  addition  of  sodium- 
chloride  solution  is  essential  for  separation.  The  ether  solution  of  phos- 
phatides is  collected  in  a  dry  flask  and  allowed  to  stand  for  a  few  hours  to 
effect  separation  of  the  last  small  amounts  of  glycerol-salt  solution.  The 
solution  is  filtered  and  distilled  from  a  weighed  flask. 

Material  which  can  be  powdered  without  difficulty  is  dried  in  vacuo  at 
the  lowest  possible  temperature.  Extraction  of  phosphatides  from  the 
dry  material  is  made  with  absolute  alcohol  in  an  ordinary  Soxhlet  ap- 
paratus or  in  an  extraction  apparatus  as  described  by  Koch  and  Woods 
or  by  Robertson.  By  insulating  the  extraction  thimble  the  temperature 
of  the  extraction  liquid  is  maintained  as  nearly  as  possible  at  50-600.* 
Depending  upon  the  material  used,  the  extraction  is  completed  in  10  to 
48  hours.     By  changing  the  boiling  flask  the  progress  of  extraction  can  be 

1  A.  Erlandsen,  loc.  cit. 

f  T.  B.  Robertson,  loc.  cit. 

1  A.  Juckenack,  loc.  cU. 
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followed.  Samples  of  the  extract  may  be  taken  at  intervals  by  using  at 
the  bottom  of  the  thimble  an  outlet  tube  provided  with  a  stopcock.  In 
this  way  needless  exposure  of  extracted  phosphatide  to  heat  is  avoided 
and  the  completion  of  extraction  observed.  The  incompletely  exhausted 
residue  is  extracted  in  the  same  apparatus  for  2  hours.  The  combined 
alcohol  extracts  are  dried,  mixed  with  sodium  and  calcium  sulfates  if  neces- 
sary, and  extracted  with  anhydrous  ether.  For  small  amounts  it  is  suffi- 
cient to  stir  with  a  small  pestle  and  to  pour  off  the  ether  through  a  small 
filter,  repeating  the  process  to  complete  exhaustion; "for  larger  amounts 
a  Soxhlet  apparatus  should  be  used.  The  ether  extract  is  reduced  to 
30-40  cc.,  then  shaken  with  15  cc.  of  saturated  sodium  chloride  solution. 
The  salt  solution  is  drawn  off  and  washed  with  10  cc.  of  ether.  The 
ether  solutions  are  combined,  evaporated,  dried  and  weighed.  This  gives 
the  weight  of  impure  ether-soluble  phosphatides  free  from  extract  phos- 
phorus. 

Weighing  need  be  accurate  to  centigrams  only,  the  object  being  to 
ascertain  whether  more  or  less  than  0.20  g.  of  phosphatides  is  present,  this 
being  the  smallest  amount  sufficient  for  the  quantitative  determination  of 
phosphorus,  choline  and  amino  nitrogen. 

Existing  Methods  for  the  Determination  of  Phosphorus. 

Phosphorus  is  best  determined  according  to  the  method  of  Neumann.1 
Koch  and  Woods1  and  Greenwald8  have  suggested  modifications  of  the 
method  for  precipitating  the  ammonium  phosphomolybdate,  but  all  agree 
on  the  manner  of  destruction  for  organic  matter.  The  colorimetric 
method,  depending  on  the  reduction  of  ammonium  phosphomolybdate, 
makes  possible  the  accurate  determination  of  amounts  of  phosphorus 
weighing  not  less  than  0.5  mg.,  requiring  0.010  g.  of  phosphatide.  Taylor 
and  Miller*  used  a  centrifuge  to  separate  the  ammonium  phosphomolyb- 
date, made  the  reduction  with  hydrazine  chloride  and  compared  the  color 
with  a  standard  prepared  with  standard  phosphate  solution  under  similar 
conditions  in  a  Duboscq  colorimeter.  Riegler5  reduced  with  hydrazine 
sulfate,  using  a  procedure  similar  to  that  of  Taylor  and  Miller.  Van 
Eck,8  working  under  war  conditions,  used  stannous  chloride  as  the  reducing 
agent  and  obtained  satisfactory  results  by  comparing  the  colored  solutions 
in  Nessler  tubes.  A  further  increase  in  delicacy  has  been  obtained  by 
Kober  and  Egerer7  by  using  strychnine  phosphomolybdate  for  the  nephelo- 

1  Albert  Neumann,  Z.  physiol.  Chem.,  37,  130  (1902). 

*  W.  Koch  and  H.  S.  Woods,  loc.  cti. 

1 1.  Greenwald,  /.  Biol.  Chem.,  14,  369  (19 13). 

4  A.  E.  Taylor  and  C.  W.  Miller,  ibid.,  18,  220  (1914). 

*  E.  Riegler,  Bull.  sec.  sci.  aead.  roumaine,  a,  272  (1913-14). 

*  P.  N.  Van  Eck,  Pharm.  Weekblad.,  55,  1037  (1918). 

7  P.  A.  Kober,  and  G.  Egerer  This  Journal,  37t  2373  (1915)* 
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metric  estimation.    By  this  method  0.005  mg»  of  phosphorus,  requiring 
0.0001  g.  of  phosphatide,  may  be  accurately  determined. 

t  Method  Adopted  for  Phosphorus  Determination. 

The  destruction  of  organic  matter  was  effected  according  to  the  method 
of  Neumann,  adopting  the  minor  modifications  proposed  by  Bloor;  and 
the  phosphorus  determination  was  made  by  the  colorimetric  method  with 
ammonium  phosphomolybdate  following  the  procedure  of  Van  Eck.  The 
entire  procedure  is  described,  as  we  have  found  that  it  is  necessary  to  fol- 
low it  closely  to  ob'tain  the  best  results. 

The  weighed  residue  of  ether-soluble  phosphatide  is  dissolved  with  alco- 
hol, rinsed  into  a  volumetric  flask  of  suitable  content  (100  cc.  for  0.300 
g.  of  residue)  and  the  flask  filled  to  the  mark.  Five  cc.  of  solution,  repre- 
senting 0.015  g.  of  residue,  is  pipetted  into  a  large  (200  mm.  X  24  mm.) 
test-tube  of  resistant  glass,  2  or  3  glass  beads  of  3  mm.  diameter  are  added, 
and  the  solution  is  evaporated  to  dryness  by  immersing  the  tube  in  a 
water-bath.  It  should  be  watched  and  shaken  frequently  until  boiling 
begins,  after  which  the  evaporation  will  generally  proceed  to  dryness 
without  requiring  further  attention.  Since  alcohol  interferes  with  sub- 
sequent oxidation,  the  material  in  the  tube  is  dried  on  the  water-bath  for 
15  minutes  to  remove  traces  of  this  reagent.  Four  cc.  of  a  1 : 1  mixture 
of  cone,  nitric  and  sulfuric  acids  is  added  and  the  mixture  is  digested  by 
heating  with  a  microburner  in  the  hood  or  with  a  Folin  draught  appa- 
ratus.1 The  heating  is  done  in  2  stages  with  the  tube  inclined  at  an 
angle  of  about  30  °  to  prevent  spattering.  Dining  the  first,  the  mixture 
is  boiled  gently  over  a  low  flame  until  red  fumes  cease  to  come  off.  This 
should  require  about  5  minutes.  The  heat  is  then  gradually  increased 
until  the  nitric  acid  is  completely  expelled,  after  which  the  sulfuric  add 
is  boiled  for  8-10  minutes.  If  charring  occurs  a  small  amount  of  strong 
nitric  acid  should  be  added  and  the  process  repeated.  The  mixture  is 
cooled  somewhat  and  2  drops  of  a  0.25%  cane  sugar  solution  is  added  to 
remove  traces  of  nitric  add  which  may  prevent  complete  precipitation 
of  phosphoric  add,  After  heating  for  one  minute  the  solution  is  cooled 
and  5  cc.  of  water  is  added.  The  liquid  is  rinsed  quantitatively  into  a 
porcdain  dish  with  5  to  10  cc.  of  water,  10  cc.  of  30%  ammonium  nitrate 
solution  added,  and  the  whole  carefully  heated  nearly  to  boiling.  There 
is  now  added  4  cc.  of  10%  ammonium  molybdate  solution,  made  by  dis- 
solving the  salt  in  cold  water  and  filtering.  The  solution  and  predpitate 
should  be  heated  for  a  short  time.  If  care  is  taken  not  to  heat  the  dish 
above  the  levd  of  the  liquid,  the  predpitate  settles  without  adhering  to 
the  sides  of  the  dish.  Filtering  is  best  done  through  a  plug  of  asbestos 
fiber  in  a  small  funnel  and  the  predpitate  is  washed  several  times  with 
ammonium  nitrate  solution.  The  funnel  is  inverted  over  a  beaker  and 
1  O.  Folin  and  W.  Denis,  /.  Biol.  Chem.,  9,  503  (191 1). 
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dil.  sulfuric  acid  (1  to  10)  is  poured  into  the  stem  of  the  funnel  to  rinse 
the  plug  and  precipitate  into  the  beaker.  0.5  g.  of  stannous  chloride  is 
added  and  the  solution  allowed  to  stand  for  half  an  hour.  If  any  pre- 
cipitate adheres  to  the  sides  of  the  dish,  it  may  be  rinsed  into  the  beaker 
with  the  dil  acid.  The  blue  liquid  is  filtered  through  a  small  plug  of 
asbestos  into  a  ioo-cc.  volumetric  flask  and  made  up  to  volume  with  the 
dil.  sulfuric  acid.  The  color  is  best  washed  from  the  plug  by  treating  it 
in  a  dish  with  excess  of  sulfuric  acid  and  filtering  through  another  plug. 
The  blue  color  is  compared  with  a  standard  made  by  adding  to  10  cc. 
of  a  solution  containing  0.05  mg.  of  phosphorus  per  cc.  in  a  porcelain 
dish  2  cc.  of  cone,  sulfuric  acid  and  cc.  of  30%  ammonium  nitrate  solu- 
tion, proceeding  thereafter  as  directed.  The  standard  is  sufficiently  stable 
to  allow  of  making  the  comparisons. 

Ten  cc.  of  the  standard  blue  liquid  is  put  in  a  Nessler  tube.  So  much 
of  the  blue  liquid  to  be  investigated  is  placed  in  another  Nessler  tube  that 
the  colors  are  roughly  estimated  to  be  the  same.  Usually  10  cc.  is  required 
if  a  0.010  g.  sample  of  phosphatide  is  used.  Both  tubes  are  filled  to  100 
cc.  with  the  dil.  sulfuric  acid.  Sulfuric  acid  must  be  used  for  the  reason 
that  the  turbidity  caused  by  separation  of  the  tin  salt  on  addition  of  water 
interferes  with  the  determination.  If  the  colors  are  not  exactly  the  same, 
enough  liquid  is  poured  from  one  tube  into  a  graduate  to  make  the  2 
colors  identical  in  shade.  Since  the  colors  are  not  comparable  if  the 
dilutions  differ  by  more  than  a  very  small  amount,  the  more  dilute  being 
more  green,  this  procedure  must  be  strictly  followed.  If  the  liquid  be- 
comes turbid  upon  dilution  it  will  clear  after  standing  for  an  hour. 
Consideration  of  Existing   Methods  for  Determining  Nitrogen  and 

Amino  Nitrogen. 
For  general  work,  the  determination  of  nitrogen  according  to  Dumas 
requires  less  substance  than  do  other  methods.  Moreover,  as  the  residue 
remaining  from  a  Dumas  nitrogen  analysis  contains  the  phosphorus  as 
phosphoric  acid,  one  sample  would  be  sufficient  for  both  determinations. 
However,  the  difficulty  of  transferring  the  residue  from  the  tube  quan- 
titatively is  so  great  that  it  is  more  advantageous  to  use  a  second  sample 
for  phosphorus. 

Distearyl  lecithin  contains  1.74%  of  nitrogen  and  3.84%  of  phosphorus. 
Other  lecithins  show  a  variation  from  these  figures  of  only  about  0.1% 
of  their  nitrogen  and  phosphorus  content.  0.200  g.  of  phosphatide  yields 
3.04  cc.  (0.0035  g-)  °f  nitrogen  at  200  and  760  mm.,  a  quantity  sufficient 
for  accurate  estimation.  By  the  application  of  the  micro-Dumas  method 
as  described  by  Fischer,1  the  weight  of  phosphatide  required  may  be  re- 
duced to  0.010-0.020  g.,  yielding  0.0003  to  0.0007  K-  of  nitrogen. 
The  Dumas  method  is  not  so  well  adapted  to  making  a  series  of  deter- 
1  H.  Fischer,  Ber.,  51,  1322  (1918). 
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minations  as  is  that  of  Kjeldahl.  In  working  with  phosphatides  it  has 
been  shown  that  the  Gunning  modification  of  the  Kjeldahl  procedure  is 
the  most  satisfactory.  A  study  of  the  relative  accuracy  of  colorimetric  and 
titrimetric  procedures  for  determining  nitrogen  as  ammonia  has  been  made 
by  Allen  and  Davisson,1  who  have  shown  that  the  use  of  0.02  N  solutions 
in  conjunction  with  methyl  red  as  indicator,  as  proposed  by  Mitscherlich 
and  Herz,2  yields  an  accuracy  even  greater  than  that  of  the  colorimetric 
micro-Kjeldahl  method  as  developed  by  Folin  and  Denis.3  We  use  the 
latter  method  on  account  of  the  advantage  of  its  brevity. 

Amino  nitrogen  is  determined  by  the  method  of  Van  Slyke.4 
Methods  Adopted  for  Determination  of  Choline  and  Amino  Nitrogen. 

We  have  adopted  the  method  of  acid  hydrolysis  of  the  phosphatides, 
because  of  its  recognized  superiority  to  alkaline  hydrolysis  and  especially 
because  Maclean6  and  Levene  and  Rolfe6  have  proved  this  beyond  doubt, 
the  latter  investigators  having  found  that  on  hydrolysis  with  barium  hy- 
droxide, barium  salts  of  the  fatty  acids  are  obtained  which  can  be  freed 
from  nitrogen  only  with  the  greatest  difficulty. 

A  weighed  amount  (about  0.300  g.)  of  the  ether-soluble  phosphatides 
or  an  aliquot  of  the  alcoholic  solutions  from  which  the  alcohol  is  evaporated 
is  boiled  with  about  30  cc.  of  0.2  AT  sulfuric  acid  for  48  hours  under  a  reflux 
condenser.  A  piece  of  tile  and  a  small  piece  of  paraffin  may  be  added  to 
prevent  bumping  and  foaming.  After  cooling,  the  solution  is  filtered  to 
separate  the  fatty  acids.  The  filter  with  the  fatty  acids  is  boiled  with  4 
to  6  small  portions  of  water  and  the  cooled  wash  water  added  to  the  filtrate. 
The  solution  is  then  carefully  neutralized  with  barium  hydroxide  solution, 
the  precipitate  collected  on  a  filter  and  washed  thoroughly  with  boiling 
water.  The  filtrate  is  acidified  and  evaporated  to  dryness.  The  residue 
is  extracted  with  alcohol,  the  solution  filtered  through  a  small  filter  and 
the  volume  reduced  to  10  cc.  The  alcoholic  solution  of  choline  must  not 
be  too  highly  concentrated  since  some  of  the  amino  ethyl  alcohol  platinum 
chloride,  though  soluble  in  alcohol,  is  carried  down  from  concentrated 
solution  by  the  precipitate  of  choline  platinum  chloride.  Alcoholic  solu- 
tion of  platinum  chloride  is  added  and  the  mixture  allowed  to  stand  until 
the  precipitate  settles.  The  precipitate  is  collected  on  a  weighed  filter, 
dried  to  constant  weight  at  1050,  cooled  and  weighed.  This  is  the  weight 
of  choline  platinum  chloride  containing  also  some  amino-ethyl  alcohol 
platinum  chloride.  Upon  multiplying  the  weight  of  the  pure  choline 
platinum  chloride  by  2.608,  the  weight  of  lecithin  is  obtained. 
1  E.  R.  Allen  and  B.  S.  Davisson,  /.  Biol.  Chem.,  40,  183  (1919). 

*  Mitscherlich  and  Herz,  Landw.  Jahrb.,  38,  279  (1909). 
1  O.  Folin  and  W.  Denis,  /.  Biol.  Chem.,  11,  502  (191 1). 
4  D.  D.  Van  Slyke,  ibid.,  12,  275  (1912). 

*  H.  Maclean,  loc.  cit. 

*  P.  A.  Levene  and  Ida  P.  Rolfe,  /.  Biol.  Chem.t  40,  1  (1919). 
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The  filtrate,  which  is  kept  for  the  determination  of  amino  nitrogen, 
is  acidified  with  hydrochloric  acid  and  carefully  evaporated  to  dryness  in 
a  small  evaporating  dish.  It  is  made  slightly  alkaline  with  sodium  hydrox- 
ide, acidified  with  acetic  acid  and  made  up  with  water  to  a  volume  of  2.5 
cc.  in  a  small  graduate.  A  Van  Slyke's  micro-amine  nitrogen  apparatus 
having  been  prepared,  2  cc.  of  the  solution  or  suspension — corresponding 
to  0.240  g.  of  substance — is  used  for  the  determination  of  amino  nitrogen. 

A  portion  of  the  precipitate  is  used  for  the  determination  of  amino 
nitrogen.  The  weight  of  amino-ethyl  alcohol  platinum  chloride  is  ob- 
tained upon  multiplying  the  weight  of  nitrogen  by  19.  The  weight  of 
the  precipitate  minus  weight  of  amino-ethyl  alcohol  platinum  chloride 
equals  the  weight  of  pure  choline  platinum  chloride. 

Amino  nitrogen  in  the  precipitate  is  added  to  that  found  in  the  filtrate 
and  the  total  weight  of  nitrogen  multiplied  by  53.20  to  obtain  the  total 
weight  of  kephalin. 

Experimental  Testing  of  the  Combination  of  Methods  Proposed. 

For  the  purpose  of  testing  the  proposed  combination  of  methods,  a 
supply  of  lecithin  was  prepared  by  regenerating  it  from  the  cadmium 
compound  of  egg  lecithin  by  treatment  with  ammonium  carbonate  as  de- 
scribed by  Bergell.1  Although  kept  in  a  dark  closet  in  a  vacuum  desic- 
cator over  calcium  chloride,  it  was  yellowish  and  gradually  became  dark 
brown. 

For  checking  the  Neumann  method,  about  4  g.  of  disodium  phosphate 
was  dissolved  in  about  one  liter  of  watr,  50  cc.  of  this  solution  was  evap- 
orated in  a  weighed  porcelain  dish  and  ignited,  yielding  0.0987  g.  of  sodium 
pyrophosphate.  This  is  equivalent  to  0.0265  g.  of  phosphorus  pentoxide 
per  25  cc.  of  solution.  25  cc.  of  the  same  solution  treated  according  to 
Neumann's  method  required  20.2  cc.  of  0.5  N  alkali,  corresponding  to 
0.0256  g.  of  phosphorus  pentoxide,  which  is  in  fairly  good  agreement  with 
the  amount  found  on  ignition. 

The  phosphorus  and  nitrogen  determinations  on  lecithin  gave  the  fol- 
lowing results. 


Substance. 
G. 

Alkali  required. 

p. 

%. 

(by 

N 
Kjeldahl). 

Calc.  for  stearyl 
oleyl  lecithin. 

%  P.                 %  N. 

O.2738 

18.90 cc.  0.5  N 

3.82 

....                  .... 

O.2568 

17.77  cc.  0.5  N 

3.83 

3.86 

O.7273 

10.81  cc.  0.1  N 

2.08 

1 .74 

Although  our  results  for  phosphorus  agree  very  well  with  the  theoretical 
it  will  be  noted  that  the  nitrogen  is  high.  This  is  often  the  case  with 
lecithin  preparations. 

On  account  of  the  changes  that  take  place  on  aging,  the  ordinary  leci- 
1  P.  Bergell,  Ber.,  33,  2584  (1900). 
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thins  are  not  satisfactory  as  standards;  and  for  this  reason  "hydrolecithin"1 
was  used.  A  few  grams  were  prepared  from  egg  lecithin  according  to  the 
method  of  Ritter.2  Analysis  did  not  yield  very  concordant  results,  but 
this  may  have  been  due  to  the  small  amount  of  substance,  as  the  method 
of  recrystallization  recommended  was  not  entirely  satisfactory.  Although 
the  product  was  white  when  dry,  it  always  produced  colored  solutions. 

Subs.,  0.1903, 0.1996:  COi,  0.4527, 0.4746;  HjO,  0.1736, 0.1898. 

Calc.  for  C«HwNPO»:  C,  65.37;  H,  11.23.  Pound:  C,  64.89,  64.80;  H,  10.20, 
10.60. 

A  standard  solution  for  the  colorimetric  estimation  was  made  by  dis- 
solving 0.200  g.  of  sodium  phosphate  in  200  cc.  of  water.  50  cc.  of  this 
solution  was  evaporated  in  a  weighed  porcelain  dish,  ignited,  and  weighed, 
yielding  0.0967  g.  of  sodium  pyrophosphate,  or  0.0113  g.  of  phosphorus 
per  25  cc.  of  solution. 

Twenty-five  cc.  of  the  same  solution  treated  according  to  Neumann's 
method  required  21.17  cc.  of  °-5  N  alkali,  equivalent  to  0.0117  g.  of  phos- 
phorus. For  the  standard,  50  cc.  of  the  former  solution  was  diluted  to 
500  cc,  so  that  10  cc.  of  this  solution  contained  0.00046  g.  of  phosphorus. 

Colorimetric  determination  yielded  results  as  follows: 

Poured  out  from  P. 

hydrolecithin  tube 


Hydrolecithin.  to  match  standard.  Found.  Calc 

G.  Cc  %.  %. 

O.OOI5  170  3.70 

O.OO25  53.5  3.86  3  "^ 

The  choline  and  amino  nitrogen  determinations  were  made  with  0.260 
g.  of  hydrolecithin  and  gave  the  following  results: 

Choline  Platinum  Chlorid  0.0751  g. 

Precipitate  used,  0.040  g.    Calc.  for  whole  precipitate:  N,  0.000338  g.    Pound: 
0.31  cc  or  0.00018  g. 

0.000338  X19*  0.0064  £•  °f  amino-ethyl  alcohol  platinum  chloride. 
0.0751  g.  —  0.0064  g.  ■»  0.0687  £•  of  pure  choline  platinum  chloride. 
0.0687  £•  X  2.608  —  0.1792  g.  of  lecithin. 

Filtrate. 
4/s  of  filtrate  taken:  1.90  cc.  of  amino  nitrogen  obtained;  whole  filtrate  would 
yield  2.37  cc.  or  0.00138  g.  of  N;  filtrate  +  ppts.  0.00138  g.  +  0.000338  g.  =■  0.00172  g. 
0.00172  X  53.20  =  0.0915  g.  of  kephalin.    Therefore,  0.260  g.  of  phosphatides 
yielded 

Lecithin  Kephalin  Phosphatides 

0.1792  g.      +     0.0915  g.       *        0.271  g. 
M.  P. 
ppts.  240 ° 
Pure  choline  platinum  chloride  224  ° 
1  Hydrolecithin,  a  crystalline  phosphatide,  was  first  prepared  by  Ritter,  using 
Paal's  colloidal  palladium  as  a  catalyzer  for  the  reduction  of  egg  lecithin  by  hydrogen. 
Ritter  pointed  out  that  this  hydrolecithin  may  occur  in  addition  to  other  lecithins  in 
egg  yolk.    It  contains  2  stearyl  groups  in  its  molecule  instead  of  one  stearyl  and  one 
oleyl  group. 

•  R.  Ritter*  Ber.,  47t  53©  (1914). 
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The  water-alcohol  solution  of  the  platinum  chloride  precipitate  yielded 
on  evaporation  the  yellow  octahedrons  which  were  also  produced  by  the 
platinum  double  salt  made  from  pure  choline  hydrochloride,  closely  re- 
sembling platinum  chloride  crystals  except  that  the  choline  double  salt 
is  easily  soluble  in  water. 

The  proposed  method  was  further  tested  on  a  sample  of  lecithin  pre- 
pared from  vitellin  lecithin. 

2.400  g.  of  this  lecithin  was  dissolved  in  absolute  alcohol  and  filtered 
into  a  200-cc.  volumetric  flask.  Only  traces  of  insoluble  matter  were  left 
on  the  filter.  25  cc.  of  the  solution  was  made  up  to  100  cc.  in  a  volumetric 
flask  and  5  cc.  of  the  latter  solution  was  used  for  a  phosphorus  determina- 
tion according  to  the  colorimetric  method.  The  water-alcohol  solution 
of  the  choline  precipitate  produced  the  characteristic  crystals  whose  melt- 
ing-point was  230 °.    Colorimetric  determination: 

Phosphatides:  0.015  g.    Calc:  P,  3.86;    Found:  3.70. 

Precipitation  of  choline  platinum  chloride  and  determination  of  amino 
nitrogen  showed, 

Phosphatides:  0.285  g.    Pound:  Lecithin,  0.264  Z>\  kephalin,  0.0579;  phosphatides 
(total),  0.3219. 

Another  test  was  made  with  a  commercial  preparation,  "Glycerole 
Lecithin."  It  was  stated  on  the  label  of  the  bottle  that  each  teaspoonful 
contains  one  grain  of  pure  lecithin.  If  we  figure  that  one  teaspoonful — 
4  cc. —  of  the  liquid,  consisting  mainly  of  glycerol,  weighs  about  5  g.  (200 
cc.  was  found  to  weigh  245  g.),  then  100  g.  should  contain  20  grains  of 
lecithin  or  0.052  g.  of  phosphorus  =  0.05%.  A  colorimetric  phosphorus 
determination  showed  0.05%  phosphorus  to  be  present. 

Two  and  a  half  g.  of  the  preparation  was  mixed  with  an  equal  amount 
of  saturated  sodium  chloride  solution,  shaken  with  ether,  and  treated  as 
directed  in  the  proposed  method  for  the  separation  of  phosphatides.  The 
weight  of  the  separated  impure  phosphatide  was  about  8  g.,  and  contained, 
according  to  the  phosphorus  determination,  about  3.  g.  of  lecithin.  The 
whole  residue  was  dissolved  in  absolute  alcohol,  filtered  into  a  200-cc. 
volumetric  flask  and  made  up  to  volume.  25  cc.  was  diluted  to  100  cc. 
with  absolute  alcohol  and  5  cc.  of  the  latter  solution  was  taken  for  the 
phosphorus  determination,  which  gave  0.045%  of  phosphorus.  No  phos- 
phorus could  be  detected  in  the  liquid  which  had  been  exhausted  with  ether, 
and  only  traces  were  found  in  the  residue  left  on  the  filter  when  the  alco- 
holic solution  was  filtered."  Therefore,  all  of  the  phosphorus  was  present 
as  phosphatides.  The  washing  of  the  ether  solution  with  saturated  sodium 
chloride  solution  is  here  performed  at  the  same  time  as  the  extraction. 
Upon  multiplying  the  per  cent,  of  phosphorus  by  the  factor  25.4,  based 
upon  Maclean's1  findings  that  phosphatides  consist  of  */\  lecithin  and  l/* 
1  H.  Maclean,  loc.  cit. 
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kephalin  and  the  figures  for  nitrogen  content  of  these  substances  as  deter- 
mined by  Levene  and  West,1  the  phosphatide  content  is  obtained;  thus, 
0.045  X  25.4  =  i.i%.  According  to  the  statement  on  the  label,  one 
teaspponful — 5  g. — contains  1  grain  or  0.065  g-  of  lecithin,  or  1.3%.  In 
the  95  cc.  remaining  from  the  phosphorus  determination,  choline  and 
amino  nitrogen  were  determined.  These  95  cc.  correspond  to  *4*/«  X 
fl6/ioo  =  29.1  g.  of  "Glycerole  Lecithin"  and  this  weight  contains,  according 
to  the  phosphorus  determination,  0.011  X  29.1  =  0.3201  g.  of  phos- 
phatide. According  to  the  statement  on  the  label,  this  would  be  0.013  X 
29.1  =  0.3783  g.  of  phosphatide.  Analysis  showed  0.3038  g.  of  lecithin 
+  0.0636  g.  of  kephalin  =  0.3674  g.  of  phosphatide. 

The  choline  platinum  chloride  precipitate  showed  a  melting  point  of 
240  °,  and  the  characteristic  crystals  were  observed  when  the  water- 
alcohol  solution  of  the  precipitate  was  evaporated. 

Summary. 

1.  A  general  method  for  the  separation  of  phosphatides  to  be  used  in 
the  quantitative  estimation  of  these  substances  has  been  described  and 
tested  and  has  been  found  suitable  for  the  analysis  of  proprietary  phar- 
maceutical preparations  as  well  as  for  quantitative  estimation  of  phos- 
phatides occurring  in  food  products. 

2.  It  has  been  shown  that  the  method  of  drying  with  mixed  sodium 
and  calcium  sulfates  is  very  satisfactory  for  volatile  liquids  which  contain 
galenical  extracts  that  are  hygroscopic.  Further,  it  has  been  demonstrated 
that  the  proposed  method  of  washing  the  ether  extract  with  saturated 
sodium  chloride  solution  to  separate  inorganic  phosphates  and  extract 
phosphorus  is  effective. 

3.  It  has  been  shown  that  the  colorimetric  method  for  the  determina- 
tion of  phosphorus  in  the  separated  phosphatides  is  adapted  to  purposes 
of  food  and  drug  analysis.  About  0.010  g.  of  material  is  required  and  from 
the  phosphorus  content  the  per  cent,  of  phosphatide  is  calculated. 

4.  The  determinations  of  choline  and  amino  nitrogen  serve  as  a  check 
on  that  of  phosphorus  in  the  phosphatides,  to  exclude  other  phosphorus 
compounds  from  the  estimation  and  establish  the  ratio  of  lecithin  to 
kephalin. 

Washington,  D.  C. 
1  P.  A.  Levene  and  C.  J.  West,  loc.  tit. 
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THE    PREPARATION    OF    DICHLORO-ACETIC    ACID    FROM 

CHLORAL. 

By  George  W.  Pucher. 

Received  June  26.  1920. 

The  work  described  in  this  paper  was  undertaken  at  the  suggestion 
of  Professor  Treat  B.  Johnson,  and  represents  a  part  of  a  prolonged  re- 
search dealing  with  the  development  of  new  methods  of  synthesizing  or- 
ganic combinations  which  possess  both  biochemical  and  therapeutical 
interest. 

The  fact  that  chloral  can  be  converted  into  dichloro-acetic  acid  has 
been  known  since  1873,  when  Wallach1  discovered  that  this  change  could . 
be  brought  about  by  the  action  of  potassium  cyanide,  or  potassium  ferro- 
cyanide,   on  the   aldehyde  in   aqueous   solution.    The   transformation 

CU.C.CHO  +  H20  — *•  CI2CH.COOH  +  HC1 
is  one  of  both  theoretical  and  practical  interest,  and  the  fact  that  it  can 
be  accomplished  by  the  action  of  cyanides  of  alkali  metals  in  aqueous 
solution  is  unique,  in  view  of  the  fact  that  the  action  of  even  weak 
alkaline  reagents,  such  as  magnesium  hydroxide,2  cause  chloral  to  de- 
compose readily  into  chloroform  and  formic  acid. 

CUC.CHO  +  H*0  — >  H.COOH  +  CH.CU. 
Different  theories  have  been  advanced  to  explain  the  mechanism  of 
this  interesting  reaction.  ^Tallach2  first  interpreted  the  change  as  one 
involving  the  formation  of  potassium  chloride  and  prussic  acid  by  the 
combined  action  of  potassium  cyanide  and  water  on  chloral.  He  as- 
sumed an  intermediate  unsaturated  halogen  derivative  (I),  which  reacted 
with  a  hydroxyl  group  to  form  dichloro-acetic  acid.  According  to  this 
explanation,  the  hydroxyl  group  of  the  water  by  dissociation  functions 
in  a  double  capacity,  namely,  as  an  oxidizing  and  a  reducing  agent  ac- 
cording to  the  following  equation: 
CUC.CHO  +  KCN  +  H20  — >  KC1  +  HCN  — > 

C12C  :  CHO  +  —OH  — >  CI2CH.COOH. 
(I). 
The  next  interpretation  proposed  by  Wallach*  was  one  involving  a  direct 
dissociation  of  chloral  into  hydrochloric  acid  and  dichloroketene  (II), 
under  the  influence  of  potassium  cyanide  as  a  catalytic  agent.  Then 
hydrochloric  acid 

CUC.CHO  — >  C12C  :  CO  +  HC1 
(II). 
1  Wallach,  Ann.,  173,  288  (1874). 
*  Wallach,  Ber.,  10,  1526  (1877). 
1  Loc.  cii. 
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interacts  with  the  alkali  cyanide  to  produce  prussic  acid  which  adds 
to  the  ketene  (II)  to  form  dichloro-acetyl  cyanide  (III).  This  substance, 
in  turn  is  transformed  by  hydrolysis  into  dichloro-acetic  and  prussic  acids. 

C12C  :  CO  +  HCN  — ►  Cl2CH.CO.CN  — >  Cl2CH.COOH  +  HCN. 
(II).  (III). 

That  such  an  interpretation  is  not  applicable  to  this  reaction  can  be 
concluded  from  the  work  on  ketene  CH2  :  CO,  and  its  derivatives  carried 
on  by  Staudinger  and  his  co-workers.  These  investigators  were  unable 
to  prepare  dichloro-ketene  (II)1  on  account  of  its  great  tendency  to  poly- 
merize. Furthermore,  if  it  were  formed  from  chloral  in  aqueous  solution 
it  would  undoubtedly  add  water  in  preference  to  prussic  acid  in  accord- 
ance with  the  well  known  behavior  of  ketene  towards  this  acid.  Deakin 
and  Wilsmore,2  as  well  as  Chick  and  Mortimer3  have  shown  that  prussic 
acid  does  not  add  to  ketene  to  form  acetyl  cyanide  (IV). 

CH2 :  CO  +  HCN  — >  CHa.COCN. 

(IV). 
The  correct  interpretation  of  the  mechanism  of  this  change,  and  the 
one  which  finds  further  confirmation  experimentally  in  our  work,  is  that 
recently  proposed  by  Kotz.4  He  has  proven  conclusively  that  a  cyanogen 
radical  and  water  are  essential  factors  in  this  reaction,  and  also  that 
chloral-cyanohydrin  (V)  is  formed  as  an  intermediate  product.  The 
latter  (V),  when  heated  with  water  or  amines  in  aqueous  solution  is  con- 
verted into  dichloro-acetyl  cyanide  which  immediately  undergoes  hy- 
drolysis with  water  to  give  dichloro-acetic  tod  prussic  acids.  The  com- 
plete transformation  is  expressed  by  the  following  formulas: 

CUC.CHO  +  HCN  — >  CUC.CH(OH)(CN)  ^  CUCH.COCN  J!£ 

(V). 

CI2CH.COOH  +  HCN. 
(HI). 
Therefore,  chloral-cyanohydrin  (V),  by  the  action  of  water,  undergoes 
a  decomposition  similar  to  that  which  is  t  produced  when  tetrachloro- 
ethyl  ether  (VI)  is  treated  with  alkali.6  The  primary  product  of  dissocia- 
tion in  both  cases  is  the  corresponding  unsaturated  ethylene  derivative 
represented  by  Formulas  VII  and  VIII,  respectively.  While  the  un- 
saturated ether  (VII)  is  a  stable  derivative,  Compound  VIII,  on  the  other 
hand,  contains  a  mobile  hydrogen  atom  which  causes  it  to  rearrange  at 
once  to  give  the  corresponding  acyl  cyanide  (III),  a  substance  unstable 
in  the  presence  of  water. 

1  Staudinger,  Ann.,  256,  53  (1907). 

*  Deakin  and  Wilsmore,  Proc.  Chem.  Soc.  (London),  97,  1968  (1911). 
1  Chick  and  Mortimer,  ibid.   24,  77  (1908). 

4  K6tz,  /.  prakt.  Chem.,  88,  531  (1914). 

*  Henry.  Ber.,  12,  1839  (1879). 
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/OH 
CUC.CH<  CUC.CH< 


:.ch<; 


,H.  I   (V).  XCN 

I  (VI).  I 

C1,C  :  C(OH)(CN) 
I  I        (VIII). 

C1,C  :  OC  CUCH.C^ 

(VII).   N)CH6  (III).    XCN 

New  facts  supporting  this  mechanism  of  the  reaction  are  presented  in 
the  experimental  part  of  this  paper. 

The  applications  of  dichloro-acetic  acid  for  synthetical  purposes  have 
been  very  limited.  It  has  been  necessary  for  us  to  prepare  the  reagent 
in  large  quantities  for  our  researches.  This  we  have  accomplished  without 
the  use  of  potassium  salts.  We  find  that  a  good  yield  of  chloro-acetic 
add  can  be  produced  by  the  interaction  of  chloral  with  an  aqueous  solu- 
tion of  commercial  sodium  cyanide.  This  simple  method  of  making  the 
reagent  in  any  quantity  desired  is  described  in  the  experimental  part  of 
this  article. 

Experimental  Part. 
Procedure  Employed  for  the  Preparation  of  Dichloro-acetic  Acid  in 

Small  Units. 

The  apparatus  used  for  our  preliminary  experiments,  that  is,  during 
the  study  of  the  chloral  method  of  synthesis,  consisted  of  a  500-cc.  flask 
connected  by  a  rubber  stopper  with  a  return  condenser  and  a  dropping 
funnel,  and  a  stirring  device  which  operated  through  a  mercury  seal. 
Chloral  hydrate  was  first  introduced  into  the  flask  in  aqueous  solution; 
then  the  solution  of  sodium  cyanide  was  added  at  such  a  rate  that  the 
temperature  of  the  mixture  did  not  rise  above  50  °.  The  solution  was 
stirred  constantly  during  this  operation  and  the  reaction  was  complete 
after  about  2  hours.  This  solution  was  evaporated  to  dryness  on  a  water 
bath,  and  the  dry  residue  of  crude  sodium  dichloro-acetate  and  sodium 
chloride  was  suspended  in  anhydrous  benzene.  By  saturation  of  this 
mixture  with  hydrochloric  acid,  the  free  acid  was  obtained.  It  was  sep- 
arated from  the  benzene  by  fractional  distillation.  Finally,  it  was  puri- 
fied by  distillation  under  diminished  pressure. 

Action  of  Sodium  Cyanide  on  Chloral  Hydrate. 
In  order  to  determine  what  effect  the  substitution  of  commercial  sodium 
cyanide  for  potassium  cyanide  would  have  in  the  preparation  of  di- 
chloro-acetic acid  according  to  Wallach's  method  a  series  of  experiments 
was  made  as  described  above  but  with  varying  proportions  of  sodium 
cyanide.  The  amount  of  cyanide  employed  was  calculated  on  the  basis 
of  the  actual  cyanogen  content  of  the  commercial  product  and  the  chloral 
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used  was  always  dissolved  in  a  definite  amount  of  water.    The  results 
obtained  in  a  series  of  5  experiments  are  recorded  in  Table  I. 

Table  I. 

50  G.  of  Chloral  Hydrate  Dissolved  in  150  Cc.  of  Water. 

Sodium  cyanide  dissolved  Yield  of  CbCH.COOH. 

Kxpt.  in  60  cc.  of  water.    G.  %. 

1 7  36 

2 12  53 

3 15  55 

4 20  67 

5 25  61.5 

These  results  show  very  conclusively  that  sodium  cyanide  can  be 
substituted  in  this  reaction  for  potassium  cyanide.  A  theoretical  pro- 
portion of  sodium  cyanide  is  productive  of  a  55%  yield  of  the  acid,  but 
this  yield  diminishes  decidedly  when  less  than  a  molecular  proportion 
of  cyanide  is  used.  An  increase  of  about  20%  over  the  calculated  amount 
gives  the  maximum  yield  of  the  dichloro-acetic  acid.  These  results  are 
represented  graphically  in  Fig.  1. 
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The  Effect  of  Dilution  on  the  Yield  of  Dichloro-acetic  Acid. 
In  order  to  determine  the  best  concentration  for  producing  a  maximum 
yield  of  dichloro-acetic  acid,  a  series  of  experiments  was  performed  in 
which  the  proportion  of  water  was  varied  within  wide  limits,  but  the  pro- 
portion of  sodium  cyanide  was  kept  constant.  A  definite  quantity  of 
chloral  hydrate  was  taken  in  each  case  and  the  series  was  operated  at  the 
beginning  with  water  just  sufficient  to  dissolve  the  sodium  cyanide.  The 
results  of  these  experiments  are  recorded  in  Table  II  and  represented 
graphically  in  Fig.  2. 
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Tabu*  II. 
20  G.  of  NaOH  in  60  Cc.  of  H,0  and  50  G.  of  Chloral  Hydrate. 


Bxpt. 
1.. 
2.. 
3.. 
4-- 
5-. 


Water  added  to 
chloral.    Cc. 


O 

50 

IOO 

I50 

200 


Yield  of  CitCH.COOH. 
%. 

12 
46 
59 
67 
66 


It  was  observed  that  this  reaction  is  very  violent  and  almost  uncontrol- 
able  when  molten  chloral  is  used,  and  is  productive  of  a  very  low  yield 
of  the  acid.  Dilution  of  the  solution  with  water  leads  to  an  increase  in 
the  yield  which  reaches  its  maximum  when  about  150  cc.  of  water  is  used 
for  every  50  g.  of  chloral  hydrate. 
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Effect  of  Substituting  Certain  Salts  in  Place  of  Sodium  Cyanide. 
In  order  to  determine  whether  the  cyanide  radical  is  a  necessary  factor 
in  this  transformation  of  chloral  hydrate  into  dichloro-acetic  acid,  a 
series  of  experiments  was  run  in  which  various  salts  were  incorporated. 
The  salts  investigated  were  sodium  carbonate,  sodium  sulfite,  sodium 
hydrogen  sulfite  and  sodium  acetate,  and  the  operation  was  carried  out 
in  a  manner  similar  to  that  employed  when  sodium  cyanide  was  used. 
No  dichloro-acetic  acid  was  formed;  in  all  cases  chloroform  was  the  nbnnal 
product  of  reaction.  On  the  other  hand,  when  some  sodium  cyanide  was 
introduced  with  any  one  of  these  salts,  dichloro-acetic  acid  was  formed 
immediately.  These  results  are  in  accord  with  the  original  assumption 
made  by  Wallach,1  namely,  that  the  cyanide  radical  functions  in  this 
reaction,  and  that  the  reaction  cannot  be  brought  about  in  its  absence. 
The  results  of  our  experiments  are  recorded  in  Table  III. 

1  Wallach,  Ann.,  173,  288  (1874). 
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Table  III. 

Fifty  G.  of  Chloral  Hydrate  Dissolved  in  150  Cc.  of  Water. 

Weight  used;  dts-  Sodium  cyanide 

solved  in  45  cc.  dissolved  in  15  cc.       Yield  of  ClsCH  COOH. 

Salt  (sodium).  of  water     G.  of  water.    G.  %. 

Acetate 40  . .  o 

Carbonate 16  . .  o 

Hydrogen  sulfite 32  . .  o 

Sulfite 19  o 

Acetate 40  7  55 

Carbonate 16  7  53 

Hydrogen  sulfite 32  7  38 

Sulfite 19  7  51 

In  the  application  of  this  reaction,  dichloro-acetic  acid  is  always  ob- 
tained in  the  form  of  its  sodium  salt  by  evaporation  of  the  solution.  To 
prepare  the  free  acid  from  this  salt,  our  first  procedure  was  to  dry  the 
latter  and  then  treat  it  with  a  slight  excess  of  hydrochloric  acid;  finally, 
the  liberated  acid  was  extracted  with  benzene.  This  method  of  operation 
was  never  productive  of  yields  over  50%.  In  the  next  modification  of 
the  procedure  the  aqueous  solution  was  acidified  with  hydrochloric  acid 
after  completion  of  the  reaction  and  then  evaporated  to  dryness  under 
diminished  pressure.  The  dichloro-acetic  acid  was  removed  from  the 
solid  residue  by  extraction  with  benzene.'  This  method  of  operation 
proved  unsatisfactory,  because  a  large  amount  of  tar  was  always  formed 
and,  furthermore,  the  quality  of  the  dichloro-acetic  acid  obtained  was 
very  poor.  The  use  of  sodium  hydrogen  sulfate  to  liberate  the  dichloro- 
acetic  acid  was  not  successful.  The  method  finally  chosen  was  that  orig- 
inally employed  by  Johnson  and  Cretcher1  which  involves  the  suspension 
of  the  crude  sodium  salt  of  dichloro-acetic  acid  in  dry  benzene  and  subse- 
quent decomposition  of  it  by  hydrogen  chloride  passed  through  the  ben- 
zene. Dichloro-acetic  acid  is  purified  best  by  distillation  under  diminished 
pressure.  During  the  purification,  a  small  amount  of  tarry  residue  is 
always  obtained  which  is  decomposed  violently  by  treatment  with  nitric 
acid.  This  reaction  is  productive  of  a  substance  having  the  odor  of 
chloropicrin  which  indicates  that,  very  probably,  some  unaltered  chloral- 
cyanohydrin  is  present  in  the  dichloro-acetic  acid  before  distillation. 

The  following  procedure,  based  on  the  results  of  many  preliminary 
experiments  and  already  employed  by  us  with  success,  is  recommended 
for  the  preparation  of  pure  dichloro-acetic  acid  in  kilogram  quantities. 

One  thousand  g.  of  chloral  hydrate  is  dissolved  in  3000  cc.  of  water 
and  the  solution  is  heated  to  40  °  in  a  large  enameled  pail,  or  stock  pot. 
A  stirrer  is  introduced  before  beginning  the  next  operation.  When  the 
temperature  reaches  40  °,  the  flame  is  removed,  the  stirrer  started,  and  a 
solution  of  400  g.  of  commercial  sodium  cyanide  dissolved  in  1 100  cc.  of 
1  Johnson  and  Cretcher,  This  Journal  37,  2149  (1 915). 
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water  is  added  to  the  solution.  This  solution  should  be  added  through  a 
separately  funnel  just  rapidly  enough  to  prevent  the  temperature  of  the 
mixture  from  rising  above  50  °.  No  application  of  heat  is  necessary  since 
the  heat  of  reaction  is  sufficient  to  maintain  this  temperature.  After 
all  of  the  cyanide  is  added  the  mixture  is  kept  at  50  °  for  an  hour.  At 
this  stage  the  clear  yellow  solution  is  transferred  to  a  large  porcelain 
evaporating  dish  and  the  water  evaporated  over  a  steam-bath  until  a 
viscous,  pasty  mass  is  obtained.  This  crude  mass  of  salt  is  then  trans- 
ferred to  a  saponification  vessel  where  it  is  suspended  in  2.5  liters  of  com* 
mercial  benzene.  The  vessel  used  by  us  for  this  operation  was  an  ordinary 
4-liter  wide-mouth  bottle,  which  was  equipped  with  a  cork  containing  a 
stirrer  operated  through  a  mercury  seal,  as  well  as  inlet  and  exit  tubes 
for  the  passage  of  hydrogen  chloride.  While  the  hydrogen  chloride  is 
bubbled  through  the  benzene  the  bottle  is  surrounded  with  ice  water  and 
the  stirrer  is  run  continually.  The  reaction  is  generally  complete  at  the 
end  of  4-5  hours,  when  the  benzene  solution  is  filtered  and  dried  over 
sodium  sulfate,  and  the  solvent  finally  recovered  by  distillation  from  an 
oil-bath  heated  at  1600.  The  recovered  solvent  can  be  used  for  the  next 
preparation.  The  dichloro-acetic  acid  is  obtained  as  a  heavy  liquid  which 
is  purified  by  distillation  under  diminished  pressure.  It  boiled,  practically 
constant,  at  102  °  (uncorr.)  at  20  mm.  On  account  of  the  large  quantities 
of  prussic  acid  evolved,  special  precautions  must  be  taken  to  carry  out 
the  entire  operation  in  a  well-ventilated  hood.  The  method  of  procedure 
requires  only  ordinary  laboratory  apparatus,  and,  in  a  few  days,  several 
kilograms  of  the  acid  can  be  prepared  with  a  yield  of  60-65%  of  the  cal- 
culated amount. 

Reversal  of  the  order  of  addition,  namely,  chloral  hydrate  to  the  sodium 
cyanide  solution,  did  not  lead  to  an  improvement  in  the  yield  of  dichloro- 
acetic  acid.  When  sodium  cyanide  is  added  to  the  chloral  solution  the 
reaction  proceeds  very  smoothly  and  a  gradual  rise  in  temperature  is 
observed.  At  first  the  mixture  is  almost  neutral  to  litmus,  but  finally 
becomes  strongly  acid  during  the  addition  of  the  cyanide,  and  at  the  close 
of  the  reaction,  the  solution  is  colored  slightly  yellow.  No  odor  of  chloro- 
form is  detected  during  this  operation.  On  the  other  hand,  when  the 
chloral  hydrate  is  added  to  the  sodium  cyanide  solution,  there  is  no  ap- 
parent reaction  until  about  half  of  the  chloral  has  been  added,  when 
the  temperature  rises  suddenly  to  60  °  and  in  a  short  time  the  entire  mix- 
ture assumes  a  dark  red  color.  Chloroform  was  produced,  and  the  basicity 
of  the  original  cyanide  solution  gradually  decreased  until  about  two- 
thirds  of  the  chloral  had  been  added,  when  it  became  distinctly  acid. 
After  evaporation  of  the  solution  a  residue  was  formed  which  was  black 
and  gummy  in  appearance.  This  material  gave  a  yield  of  dichloro- 
acetic  acid  amounting  to  only  45%  of  that  calculated. 
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Corrosion  Tests  with  Dichloro-acetic  Acid. 
In  order  to  determine  whether  other  vessels  besides  those  constructed 
of  glass  could  be  used  in  reactions  where  dichloro-acetic  acid  is  employed, 
the  corrosive  effect  of  this  reagent  on  different  metals  was  studied.  Weighed 
strips  of  the  different  metals  were  immersed  completely  in  acid  of  differ- 
ent concentrations  and  the  loss  by  corrosion  at  different  temperatures 
was  determined  quantitatively.  The  results  obtained  are  recorded  in 
Table  IV  where  the  losses  in  weight  are  expressed  in  terms  of  percentage 
of  the  original  weight  of  metal  taken.  At  20 °,  the  4  metals  investigated 
are  not  readily  attacked  by  the  acid,  while  the  corrosion  increased  with 
dilution  and  with  rise  in  temperature.  Aluminum  appears  to  be  the  most 
resistant  to  the  action  of  the  pure  acid  at  high  temperature,  while  the 
diluted  acid  fails  to  attack  copper  and  lead  appreciably. 

Table  IV. 
Action  of  Dichloro-acetic  Acid  on  Metals.    Time  of  Action,  48  Hours. 

Temp. 
Metal.  °  C. 

Iron 20 

Iron 90 

Copper 20 

Copper 90 

Aluminum 20 

Aluminum 90 

Lead 20 

Lead 90 

Aluminum 190 

Methyl  Diethoxy  Acetate,  (dH*0)jCHCOOCH,. 
This  ester  can  be  prepared  by  the  action  of  dimethyl  sulfate  on  the  sodium 
salt  of  diethoxy-acetic  acid.  Thirty  g.  of  metallic  sodium  is  dissolved 
in  400  cc.  of  absolute  alcohol.  If  a  molecular  proportion  (50  g.)  of  di- 
chloro-acetic acid  is  added  to  this  solution  slowly  the  corresponding  sodium 
salt  of  diethoxy-acetate  is  formed.  The  reaction  is  completed  by  heating 
the  mixture  on  the  steam-bath  for  2  hours.  At  this  stage  the  solution  is 
cooled  and  filtered  to  remove  sodium  chloride.  After  the  excess  of  alcohol 
is  removed  by  distillation  under  diminished  pressure  the  residue  is  mixed 
with  75  g.  of  dimethyl  sulfate  and  the  mixture  heated  on  the  water  bath 
for  3  hours  to  complete  the  esterification.  To  isolate  the  ester  the  product 
is  poured  into  water  and  extracted  with  ether.  After  removal  of  the 
ether,  the  ester  was  obtained  in  about  44%  yield  as  a  colorless  oil  with  an 
agreeable  odor.     It  boiled  at  184-50. 

Calc.  for  C7H14O4:  C,  518;  H,  8.7.     Found:  C,  51.7;  H,  8.8. 

Molecular  weight  (ebuUioscopic  method,  benzene  as  solvent).    Calc.  value:  162. 
Pound:  158. 

The  ester  does  not  solidify  at  — 81  °;  dtt.  is  1.0049. 


Loss  in 

weight  in 

pure  acid. 

%. 

Loss  in 

weight  in  10% 

aqueous  acid. 

%. 

Loss  in  10%  ben- 
zene sat.  with  HCt 
dichloro-acetic  acid. 

%. 

0.55 

3-5 

•253 

2.78 

O.OO 

I 

1 

0.02 

4-85 

. 

O.14 

17 

7 

0.19 

O.66 

1. 51 

1 

5 

.. 

930 

O.31 
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In  a  second  experiment,  the  sodium  salt  of  diethoxy-acetate,  dissolved 
in  methyl  alcohol,  was  heated  with  dimethyl  sulfate.  The  yield  of  ester, 
however,  was  less  than  that  obtained  by  the  former  procedure,  since  it 
amounted  to  only  20%  of  the  calculated  value.  The  low  yield  here  is 
accounted  for  by  the  fact  that  dimethyl  sulfate  was  partially  destroyed 
by  the  action  of  methyl  alcohol  with  formation  of  dimethyl  ether  and 
methyl  sulfuric  acid.  Baulin  and  Simon1  showed  that  this  is  the  case. 
SO,(OCH,)2  +  CHaOH  — >  SOs(OH)(OCHa)  +  CHj.O.CH,. 

It  was  shown  that  unaltered  sodium  salt  of  diethoxy-acetic  acid  was 
present  in  the  aqueous  solution  in  both  of  the  above  experiments^  After 
extraction  of  methyl  diethoxy-acetate  with  ether,  barium  hydroxide  was 
added  to  remove  sulfates.  After  the  excess  of  barium  had  been  removed 
as  carbonate  by  saturating  the  solution  with  carbon  dioxide,  silver  nitrate 
was  added  to  precipitate  the  silver  salt  of  diethoxy-acetate.  This  salt 
dried  and  subjected  to  the  action  of  ethyl  iodide  in  ether  solution  gave 
ethyl  diethoxy-acetate.1  From  the  aqueous  solution  which  remained 
in  Expt.  1  we  recovered  15  g.  of  this  ester  and  in  Expt.  2,  25  g.  These 
results  show  conclusively  that  only  a  part  of  the  sodium  salt  of  diethoxy- 
acetic  acid  interacted  with  dimethyl  sulfate  during  esterification.  Di- 
methyl sulfate  does  not  interact  with  the  copper  salt  of  diethoxy-acetate. 

Nsw  Havbk,  Conn. 


[Contribution  from  thb  Chemical  Laboratory  op  the  University  op  Illinois.] 

A  STUDY  OF  THE  POSSIBLE  ASYMMETRY  OF  THE  ALIPHATIC 
DIAZO  COMPOUNDS.8 

By  C.  S.  Marvel  with  W.  A.  Noyks. 

Received  June  28,  1920. 

During  the  last  20  years  a  large  number  of  papers  on  the  electron  theory 
of  valence  have  appeared  in  the  literature.  Most  of  the  papers  are  of  a 
speculative  nature  and  the  applications  of  the  theory  have  been  developed 
farther  than  the  experimental  evidence  seems  to  justify.  For  some  time 
one  of  us  has  been  attempting  to  isolate  some  of  the  isomers  which,  accord- 
ing to  this  theory,  should  logically  exist  and,  in  that  way,  to  obtain  evi- 
dence to  substantiate  the  theory. 

A  study  of  the  aliphatic  diazo  compounds  has  been  undertaken,  since 
in  these  compounds,  according  to  the  structure  usually  accepted,  2  nitrogen 
atoms  are  combined  with  one  carbon  atom.  The  method  of  preparation 
of  this  class  of  compounds  is  such  that  one  of  the  nitrogen  atoms  comes 

1  Baulin  and  Simon,  Compt.  rend.,  170,  392  (1920). 

1  Johnson  and  Cretcher,  /.  Biol.  Ghent. ,  26,  99  (19 16). 

'  An  abstract  of  a  thesis  submitted  by  C.  S.  Marvel  in  partial  fulfilment  of  the 
requirements  for  the  degree  of  Doctor  of  Philosophy  in  the  Graduate  School  of  the 
University  of  Illinois. 
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from  ammonia,  while  the  other  comes  from  nitrous  acid.  These  com- 
pounds have  the  following  electronic  formulas 

— +H 
N  — +H  H-f — O— +N+ZO 

— +H 
Ammonia.  Nitrous  Acid. 

The  electronic  formula  for  an  aliphatic  diazo  compound  could  then  be 
written  R  —  C  —  R'.    It  is  readily  seen  that  such  a  molecule  would  be 

^+ 

NZ|N 
asymmetric  and  optical  isomers  would  be  expected  to  exist. 

The  aliphatic  diazo  compounds  were  discovered  by  Curtius.1  Diazo- 
acetic  ethyl  ester,  N2CHCOOCiHb,  the  first  of  the  series  to  be  prepared, 
was  obtained  by  the  action  of  nitrous  acid  on  glycocoll  ester  hydrochloride. 
The  reaction  has  been  extended  to  cover  other  a-amino  esters  and  also 
similar  compounds,  as  a-amino  cyanides,  a-amino  ketones,  and  a-amino 
imides. 

Curtius2  assigned  to  the  diazo  compounds  the  structure  R  —  C  —  R', 

/\ 

N  =  N 
after  a  thorough  study  of  their  reactions.    This  structure  was  accepted 
for  about  20  years  until  Angeli*  suggested  that  the  structure  might  be 

R'\ 

yC  =  N  ss  N.    After  Staudinger4  showed  that  the  diazo  compounds 

could  be  obtained  by  the  oxidation  of  hydrazones,  Thiele6  again  brought 
forward  the  open-chain  structure  as  more  logical  for  these  compounds. 
Hantzsch6  from  a  study  of  the  absorption  spectra  of  diazomethane  sup- 
ported the  Curtius  structure.  Darapsky  and  Prabhakar7  studied  the 
reduction  of  diazoacetic  ethyl  ester  and  from  their  results  concluded  that 
the  Thiele-Angeli  structure  was  correct.  Forster  and  Cardwell8  studied 
the  action  of  the  Grignard  reagent  on  diazo  compounds  and  stated  that 
their  results  could  best  be  explained  on  the  Thiele-Angeli  structure. 
Staudinger9  with  his  co-workers  carried  out  a  very  thorough  investigation 
of  the  reactions  of  the  aliphatic  diazo  compounds.  He  attempted  without 
success  to  isolate  isomeric  diazo  compounds  one  of  which  he  expected  to 

1  Curtius,  Ber.,  i6,  2230  (1883). 

*  Curtius,  /.  prakt.  Chetn.,  [2]  38,  394  (1888). 

» Angeli,  AtU  accad.  Lined,  x6,  II,  790  (1907);  ao,  I,  626  foot  note  (191 0- 
4  Staudinger,  Ber.,  44,  2198  (1911)* 

•  Thiele,  ibid.,  44*  2522  (191 1). 

f  Hantzsch,  ibid.,  45,  3022  (19 12). 

7  Darapsky  and  Prabhakar,  ibid.,  45, 1657  (191 2). 

•  Forster  and  Cardwell,  /.  Chem.  Soc.,  103,  867  (1913). 

*  Staudinger.  Bet.,  49,  1 884-1 974  (1916). 
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have  the  Curtius  formula  and  the  other  the  Thiele-Angeli  formula.  Re- 
cently Langmuir1  has  assigned  to  diazomethane  an  open  chain  structure 
based  on  Lewis'  octet  theory. 

From  the  above  it  would  seem  that  the  true  structure  of  the  aliphatic 
diazo  compounds  is  not  definitely  determined.  The  reactions  which  they 
undergo  can  be  explained  equally  well  by  means  of  either  the  Curtius  or 
the  Thiele-Angeli  formula.  The  formula  originally  proposed  by  Curtius 
is  perhaps  more  generally  accepted. 

Levene*  has  suggested  the  possibility  of  electromers  in  aliphatic  diazo 
compounds.  He  has  presented  as  evidence  for  their  existence,  the  con- 
version of  certain  hexosaminic  acids  into  the  corresponding  anhydro- 
sugar  acids  without  racemization  of  the  carbon  atom  bearing  the  amino 
group.  In  a  previous  paper8  it  had  been  shown  that  the  benzal  derivative 
of  the  ethyl  ester  of  one  of  the  hexosaminic  acids  gave  a  diazo  compound 
on  treatment  with  nitrous  acid.  This  fact  has  apparently  been  con- 
sidered as  evidence  that  in  replacement  of  an  aliphatic  amino  group  by  an 
hydroxyl  group  the  diazo  compound  is  an  intermediate  product.  Walden,4 
Fischer,6  and  others  had  shown  previously  that  almost  any  optically  active 
amino  acid  gave  an  active  hydroxy  acid  on  treatment  with  nitrous  acid. 
However,  no  one  has  ever  been  able  to  obtain  a  diazo  compound  from  an 
cr-amino  acid  although  such  compounds  can  be  obtained  in  a  more  or  less 
pure  condition  from  almost  any  of  the  a-amino  esters.  These  facts  make 
it  appear  doubtful  that  the  diazo  compound  is  an  intermediate  in  the 
replacement  of  an  amino  group  by  a  hydroxyl  group  when  the  free  amino 
acid  is  treated  with  nitrous  acid. 

Another  objection  may  be  made  against  Levene's  evidence  for  the 
existence  of  electromers  in  the  aliphatic  diazo  series.  The  hexosaminic 
acids  contain  4  asymmetric  carbon  atoms.  Even  if  one  of  these  carbon 
atoms  does  pass  through  a  symmetrical  structure  in  the  replacement  of 
the  amino  group,  the  final  product  would  probably  consist  mainly  of  one 
of  the  2  possible  isomeric  hydroxy  acids,  on  account  of  the  influence  of  the 
3  other  asymmetric  carbon  atoms  present  in  the  molecule.8 

There  are  3  general  methods  available  for  the  preparation  of  aliphatic 
diazo  compounds:  (1)  the  method  of  Curtius,7  by  the  action  of  nitrous 
acid  on  a-amino  esters;  (2)  the  method  of  v.  Pechmann8  by  the  decom- 

1  Langmuir,  This  Journal,  41,  1546  (1919)- 
1  Levene,  /.  Biol.  Chem.,  36,  89  (19 18). 

•  Ibid.,  21,  348  (1915). 
♦Walden,  ibid.,  28,  2772  (1895). 

•Fischer,  ibid.,  41,  2897  (1908);  45.  *44»  (191*). 
•Fischer,  Ann.,  270,  64  (1892). 
'  Curtius,  Ber.t  x6,  2230  (1883). 

•  von  Pechmann,  ibid.,  27,  1889  (1894);  *8»  855  (1895). 
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position  of  nitroso-imides  with  alkali;  and  (3)  the  method  of  Staudinger1 
by  the  oxidation  of  hydrazones  with  mercuric  oxide. 

The  method  of  Staudinger  is  not  applicable  to  the  production  of  an 
optically  active  diazo  compound  since  the  hydrazones  are  symmetrical 
in  structure.  The  method  of  v.  Pechmann  could  not  be  used  on  account  of 
the  difficulties  met  in  attempting  to  prepare  the  necessary  nitroso-imides. 

The  diazo  compounds  studied  were  prepared  by  Curtius'  method. 
The  purification  of  the  impure  diazo  compounds  offered  considerable 
difficulty.  Curtius  recommends  steam  distillation  of  small  quantities 
as  the  best  method  of  purification,  although  this  method  destroys  a 
large  part  of  the  diazo  compound.  In  working  with  ethyl  a-diazo-caproate, 
CHaC^CHjCHjCNjCOOCjH*,  it  was  found  that  no  purification  was 
obtained  by  steam  distillation  and  that  approximately  */*  of  the  diazo 
compound  was  destroyed.  This  ester  was  found  to  be  easily  purified  by 
vacuum  distillation  of  the  impure  ester  and  yields  as  high  as  30%  of  the 
calculated  amount  were  obtained.  Diazo  esters  were  prepared  from 
phenylamino-acetic  acid,  and  a-amino-caprylic  acid.  These  could  not 
be  obtained  pure  by  vacuum  distillation  since  on  distillation  they  decom- 
posed into  the  corresponding  hydroxy  esters.  This  result  agrees  with 
Curtius'  earlier  work  with  the  diazo  ester  from  phenylalanine.2 

After  having  established  the  best  method  for  obtaining  the  pure  diazo 
ester  from  optically  inactive  amino-caproic  acid,  samples  of  ester  were 
prepared  from  the  d-  and  /-isomers.  These  samples  were  found  to  be 
inactive  when  examined  in  the  polariscope.  Since  the  difference  between 
a  positive  and  a  negative  nitrogen  atom  might  not  cause  rotation  the 
diazo  esters  were  hydrolyzed  with  dil.  sulfuric  acid.  If  the  diazo  esters 
were  asymmetric,  on  hydrolysis  the  positive  nitrogen  should  have  been 
replaced  by  a  hydrogen  atom  and  the  negative  nitrogen  by  an  hydroxyl 
group.  However,  the  products  obtained  on  hydrolysis  of  the  samples 
of  ester  from  the  active  amino  acid  were  found  to  be  inactive. 

In  order  to  show  that  the  hydrolysis  with  dilute  adds  actually  pro- 
duced an  hydroxy  ester  from  ethyl  a-diazo-caproate,  a  larger  sample 
was  treated  for  some  time  with  dil.  acetic  acid.  The  products  obtained 
consisted  of  approximately  equal  parts  of  ethyl  a-hydroxy-caproate, 
CHaCHjCftCH^HOHCOOCsHB,  and  ethyl  A^hexenoate,  CH3CH2CH2- 
CH  :  CHCOOC*H6.  The  result  was  unexpected,  since  text-books  usually 
state  that  dilute  acids  decompose  diazo  esters  quantitatively  to  the  corre- 
sponding hydroxy  esters.  The  acetic  acid  used  was  so  dilute  (10%)  that 
it  hardly  seems  probable  that  it  could  dehydrate  the  hydroxy  ester  after 
it  had  been  formed.    Curtius?  has  obtained  fumaric  ester  from  diazo- 

1  Staudinger,  Ber.,  44,  2198  (191 1). 

1  Curtius,  ibid.,  37,  1270  (1904). 

« Curtius,  /.  prakt.  Chem.,  [2]  38,  477  (1888). 
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succinic  ester  by  boiling  it  with  water.  This  would  be  expected,  as  it  is 
fairly  easy  to  dehydrate  malic  ester,  which  may  be  regarded  as  a  /3-hy- 
droxy  ester. 

The  fact  that  inactive  diazo  compounds  were  obtained  by  the  treatment 
of  active  amino  esters  with  nitrous  acid  may  be  explained  in  3  ways: 
(1)  the  2  nitrogen  atoms  may  be  alike;  (2)  the  nitrogen  atoms  may  be 
different  but  the  compounds  racemize  during  the  reactions;  or  (3)  the 
Curtius  formula  may  not  be  the  correct  expression  for  the  structure  of  the 
diazo  compounds.    There  is,  however,  a  possibility  of  asymmetry  even 

R\ 
in  the  Thiele-Angeli  formula,  as  the  structure  may  be        /Ci+N  =  N. 

R'x 
It  is  impossible  to  say  which  of  these  explanations  is  correct. 

Curtius1  prepared  crystalline  diazo  compounds  from  the  ester  hydro- 
chlorides of  glycylglycine,  diglycylglycine,  and  triglycylglycine  by  treat- 
ment with  nitrous  acid  in  the  presence  of  sodium  acetate.  These  diazo 
compounds  were  high-melting  substances  and  quite  stable.  The  reaction 
does  not  seem  general  for  dipeptide  esters,  since  it  was  found  in  this  in- 
vestigation that  the  ester  hydrochloride  of  a-amino-n-caproylglycine  on 
treatment  with  nitrous  acid  did  not  give  a  stable  diazo  compound  but  the 
hydroxy  ester  was  isolated. 

On  acfcount  of  the  difficulty  of  obtaining  pure  diazo  compounds  by  the 
Curtius  method  of  preparation,  it  was  decided  to  try  out  v.  Pechmann's 
method  or  a  modification  of  it  as  applied  by  Oppe2  to  the  preparation  of 
0-carboxyethyl-phenyl-diazomethane.     Methyl  phthalimidine 

*0 


>N  —  H 

H 
was  prepared  according  to  Gabriel's  method.8    The  nitroso  derivative  was 
easily  formed  by  treatment  with  nitrous  acid  in  water  solution.    The 
diazo  compound, 

X)C,H, 


CH, 
was  obtained  as  a  red,  oily  product  but  was  never  obtained  pure.    No 

1  Curtius,  Ber.t  37,  1295  (1904);  39t  *373,  U79  (1906). 
1  Oppe,  ibid.,  46,  1095  (1913). 
*  Gabriel,  ibid.,  26,  706  (1893). 
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further  work  was  carried  out  on  this  compound  since  it  was  not  possible 
to  obtain  crystalline  salts  of  methyl  phthalimidine  to  be  used  for  its 
resolution  into  d-  and  /-forms. 

An  unsuccessful  attempt  was  made  to  prepare  nitroso  secondary-butyl- 
urethane  to  use  for  the  preparation  of  methylethyl-diazomethane  by  v. 
Pechmann's  method. 

The  only  evidence,  which  may  be  considered  as  pointing  to  the  existence 
of  asymmetric  diazo  compounds,  was  obtained  by  treatment  of  the 
optically  active  amino  ester  hydrochlorides  with  nitrous  acid  under  special 
conditions  which  favored  the  production  of  hydroxy  esters.  The  hydroxy 
esters  obtained  had  a  small  rotation  showing  that  the  racemization  was 
not  complete.  In  carrying  out  these  reactions  the  yellow  color  of  the 
diazo  compound  was  noticed  indicating  that  it  was  formed  as  an  inter- 
mediate product.  The  evidence,  however,  is  not  at  all  conclusive,  since 
there  is  no  evidence  that  the  reaction  must  go  entirely  through  the  diazo 
stage. 

In  the  attempt  to  obtain  certain  of  the  diazo  compounds  several  new 
compounds  were  prepared  and  the  methods  of  preparation  of  some  known 
compounds  were  improved.  These  methods  have  been  included  in  this 
paper. 

EXPERIMENTAL. 
1.  Derivatives  of  Phenylamino-acetic  Acid. 

Phenylamino-acetic  Acid. — The  method  used  was  similar  to  that 
described  by  Zelinsky  and  Stadinoflf1  but  was  slightly  changed  to  make  it 
applicable  to  the  production  of  larger  amounts  of  material. 

One  hundred  g.  of  sodium  cyanide  was  dissolved  in  400  cc.  of  water 
and  to  this  solution  106  g.  of  ammonium  chloride  was  added.  When  all 
had  dissolved  there  was  added  a  solution  of  212  g.  of  benzaldehyde  in 
400  cc.  of  methyl  alcohol.  The  mixture  was  shaken  thoroughly  and  then 
allowed  to  stand  for  1  to  il/%  hours.  The  reaction  began  very  quickly 
and  the  flask  became  quite  warm.  After  the  reaction  was  completed, 
a  liter  of  water  was  added  to  throw  the  oily  amino  cyanide  out  of  solution. 
This  was  collected  in  a  liter  of  benzene,  and  the  benzene  solution  ^was 
separated  and  washed  thoroughly  with  water.  The  benzene  also  ex- 
tracted some  unchanged  benzaldehyde  and  some  condensation  products. 

The  amino  cyanide  was  extracted  from  the  benzene  solution  by  shaking 
it  twice  with  600  cc.  of  hydrochloric  add  (1  volume  of  hydrochloric  acid, 
sp.  gr.  1. 1 9,  to  one  volume  of  water).  To  hydrolyze  the  amino  cyanide, 
the  hydrochloric  acid  solution  was  refluxed  for  2  hours.  The  solution  was 
cooled  and  filtered  from  some  tarry  material  and  the  free  amino  acid 
precipitated  with  ammonium  hydroxide.  The  amino  acid  was  filtered 
off  with  suction,  washed  with  water  and  alcohol  to  remove  the  color  and 
1  Zelinsky  and  Stadinoff,  Ber.,  39,  1725  (1906). 
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dried.    The  yield  varied  from  105  to  no  g.  (34-36%  of  the  calculated 
amount). 

A  purer  product  was  obtained  by  recrystailizing  from  hot  water.  This 
was  rather  tedious  on  account  of  the  limited  solubility  of  the  amino  acid 
in  hot  water.  Larger  runs  were  made  with  practically  the  same  per- 
centage yields.  Longer  standing  of  the  first  solution  did  not  increase  the 
yield.    The  yield  was  not  improved  by  longer  hydrolysis. 

dl-Eihyl  Phenylaxnino-acetate. — This  ester  has  previously  been 
prepared  by  Kossel.1 

Two  hundred  g.  of  phenylamino-acetic  add  was  suspended  in  one  liter 
of  absolute  alcohol  and  70  to  80  g.  of  hydrogen  chloride  was  passed  in. 
The  acid  dissolved  completely.  The  solution  was  refluxed  on  the  water- 
bath  for  3  hours  and  then  the  alcohol  was  distilled  under  reduced  pressure. 
The  residue  was  dissolved  in  a  little  water,  the  solution  covered  with 
benzene  and  the  free  ester  liberated  with  ammonium  hydroxide.  The 
benzene  layer  was  separated,  dried  over  anhydrous  sodium  sulfate  and 
distilled.  After  the  benzene  was  removed,  the  amino  ester  was  distilled 
under  reduced  pressure.  The  yield  varied  from  142  to  153  g.  (60  to  65% 
of  the  calculated  amount)  in  different  runs.  The  product  boiled  at  114- 
1150  at  5  mm.;  wD  at  250  is  1.500. 

To  obtain  pure  ester  hydrochloride,  the  free  ester  was  dissolved  in  5  vol- 
umes of  dry  benzene  and  dry  hydrogen  chloride  was  passed  into  the 
solution.  The  product  was  filtered  with  suction  and  dried  in  a  vacuum 
desiccator  over  solid  sodium  hydroxide.  The  yield  was  practically 
theoretical.    M.  p.  200 °. 

Acetyl  JZ-Ethyi  Phenylamino-acetate. — Ten  cc.  of  acetic  anhydride 
was  added  to  1 1.5  g.  of  the  free  ester  in  a  small  flask.  The  solution  was 
allowed  to  stand  for  about  2  hours  and  was  then  heated  for  one  hour  on 
the  water-bath.  The  excess  of  acetic  anhydride  was  destroyed  with 
alcohol  and  the  reaction  mixture  warmed  to  drive  off  the  ethyl  acetate 
and  acetic  acid.  An  oily  product  was  left  which  crystallized  when  treated 
with  ligroin  and  stirred.  The  crystals  were  filtered  off  and  dried  on  a  clay 
plate.    The  yield  was  11  g.,  m.  p.  65-66  °. 

Subs.,  0.3961 :  21.9  cc.  N  at  23  °  and  748.5  mm. 
Calc.  for  CiiHuOiN:  N,  6.33.    Found:  6.30. 

Carbethoxy  dl-Ethyl  Phenylamino-acetate. — Eighteen  g.  (2  mols.) 
of  the  free  amino  ester  was  dissolved  in  50  cc.  of  dry  ether,  and  5.5  g. 
(one  mol)  of  ethyl  chlorocarbonate  was  slowly  added.  After  one  hour  the 
ester  hydrochloride  was  filtered  off  with  suction  (11  g.  was  obtained) 
and  the  benzene  evaporated.  The  residue  was  crystallized  from  ligroin. 
The  yield  was  7  g.  M.  p.  57  °. 
1  Kosael,  Ber.,  24,  4M5  (1*91). 
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Subs.,  0.4233:  21.9  cc.  N  at  25  °  and  740  mm. 
Calc.  for  C13H17O4N:  N,  5.58.     Found:  5.80. 

Acetyl  ethyl  phenylamino-acetate  and  carbethoxy  ethyl  phenylamino- 
acetate  did  not  yield  nitroso  compounds  when  treated  with  nitrous  oxides 
in  dry  ether,  with  sodium  nitrite  in  glacial  acetic  acid  solution,  or  with 
sodium  nitrite  in  hydrochloric  acid  solution. 

Attempts  to  Prepare  Ethyl  Phenyl-diazoacetate. — Curtius1  and 
Kossel2  have  tried  without  success  to  prepare  this  diazo  compound.  By 
using  essentially  the  same  method  that  Curtius  employed  we  have  ob- 
tained 0.1  g.  of  diazo  ester  (12.3%  N ;  calculated  14.7%)  from  46  g.  of  ethyl 
phenylamino-acetate  hydrochloride.  By  the  use  of  Kossel's  method  a 
crude  diazo  ester  was  obtained  by  the  action  of  silver  nitrite  on  ethyl 
phenylamino-acetate  in  dry  ether.  The  product  could  not  be  purified. 
Neither  of  these  methods  is  of  any  practical  use  for  preparing  this  com- 
pound. By  the  action  of  sodium  nitrite  and  acetic  acid  on  ethyl  phenyl- 
amino-acetate hydrochloride  in  sodium  acetate  solution,  the  impure  diazo 
ester  may  be  prepared  in  fairly  good  yields.  The  details  of  this  prepara- 
tion are  identical  with  those  given  later  for  the  preparation  of  ethyl  diazo- 
caproate.  However,  on  attempting  to  distil  the  impure  ethyl  diazo- 
phenylacetate  it  decomposed  giving  ethyl  mandelate  which  was  identified 
by  its  boiling-point  and  its  melting-point. 

Resolution  of  Phenylamino-acetic  Acid. — This  amino  acid  has  been 
resolved  by  Betti  and  Mayer8  by  means  of  d-camphor-sulfonic  acid.  This 
method  is  easy  to  carry  out  and  a  pure  Z-acia  is  easy  to  obtain.  The 
d-acid  is  obtained  in  purity  of  about  90-95%. 

One  hundred  and  fifty-one  g.  of  phenylamino-acetic  acid  and  232  g.  erf 
d-camphor-sulfonic  acid  (Reychler)  were  dissolved  in  750  cc.  of  boiling 
water.  The  solution  was  allowed  to  cool  overnight.  The  first  crop  of 
crystals  was  filtered  with  suction.  The  yield  of  /-salt  was  153-167  g. 
and  the  specific  rotation  was  — 37 °  to  — 400.  The  pure  I-salt  has  a 
rotation  of  — 44  °.  By  concentrating  the  mother  liquors  to  x/%  volume, 
a  second  crop  of  crystals  weighing  10-20  g.  was  obtained.  The  specific 
rotation  was  — 25  °  to  — 26  °.  The  mother  liquors  were  saved  for  the 
preparation  of  the  d-amino  acid. 

The  first  crop  of  crystals  was  recrystallized  from  500  cc.  of  boiling 
water.  The  yield  of  pure  /-salt  was  107-114  g.  (54-58%)  with  specific 
rotation  of  — 43. 50  to  — 44  °.  The  yield  may  be  increased  somewhat  by 
working  up  the  mother  liquors. 

From  the  original  mother  liquor  after  filtering  off  the  second  crop  of 
/-salt  the  d-amino  acid  was  obtained  by  adding  a  slight  excess  of  ammonium 

1  Curtius,  Ber.,  37,  1266  (1904). 

*  Kossel,  ibid.,  24,  4155  (1891). 

•  Betti  and  Mayer,  ibid.,  41,  2071  (1908). 
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hydroxide.    Sixty-five  to  70  g.  of  the  d-acid  (with  rotation  of  +1270  to 
+  1460  was  obtained  from  151  g.  of  inactive  acid. 

The  /-acid  was  prepared  by  dissolving  the  /-salt  in  hot  water  and  adding 
the  theoretical  quantity  of  sodium  hydroxide.  From  206  g.  of  /-salt, 
80  g.  of  pure  /-acid  were  obtained. 

/-Ethyl  Phenylamino-acetate  Hydrochloride. — The  /-ester  hydro- 
chloride was  prepared  according  to  the  directions  used  in  preparing  the 
inactive  ester.  The  free  ester  was  not  distilled,  as  distillation  of  one  run 
caused  racemization.  The  pure  ester  hydrochloride  is  obtained  by  drying 
the  benzene  solution  of  the  free  ester  thoroughly  and  then  passing  in  dry 
hydrogen  chloride.  From  81  g.  of  /-acid  there  was  obtained  83  g.  /-ester 
hydrochloride  with  specific  rotation  of  — 84.6 °.  Fischer  and  Weichbold* 
give  the  rotation  as  — 88.95  °.  I*  seems  probable  that  their  ester  hydro- 
chloride was  less  pure  and  contained  some  of  the  amino  acid  hydro- 
chloride, since  they  took  no  precautions  to  remove  this  impurity. 

Acetyl  /-Ethyl  Phenylamino-acetate. — 4.3  g.  of  /-ester  hydrochloride 
was  dissolved  in  10  cc.  of  water.  The  free  ester  was  liberated  with 
ammonium  hydroxide  and  taken  up  in  benzene.  The  benzene  solution 
was  dried  and  treated  with  2.5  g.  of  acetic  anhydride.  The  reaction 
mixture  was  refluxed  for  1  to  2  hours,  the  benzene  and  excess  acetic 
anhydride  distilled  off  and  the  residue  crystallized  from  ligroin.  Only 
about  one  g.  of  product  was  obtained.    M.  p.  69-700. 

Subs.,  0.3965  in  19.3006  g.  abs.  alcohol  gave  rotation  of  — 4.37 °  in  a  2-dcm.  tube 
for  sodium  light.     [o]d  "  — 138.70. 

Attempts  to  Prepare  an  Optically  Active  Diazo  Compound  from  the 
/-ester  Hydrochloride. — A.  Curtius  Method. — 21.5  g.  of  the  /-ester 
hydrochloride  was  diazotized  as  described  under  the  inactive  compound. 
The  crude  ether  solution  after  concentration  to  20  cc.  gave  a  rotation  of 
— 1  °  in  a  2-dcm.  tube.  After  steam  distillation  twice  the  oil  was  taken 
up  in  ether  and  the  rotation  observed  was  — 0.1  °.  There  was  only  0.0087 
g.  material  obtained  on  evaporating  the  ether  and  this  was  too  small  an 
amount  to  analyze.    Other  runs  were  made  with  less  favorable  results. 

B.  Kossel  Method. — Ten  g.  of  the  /-ester  hydrochloride  was  treated  in 
dry  ether  with  8  g.  of  silver  nitrite.  After  10  days  the  solution  was  filtered 
from  the  silver  chloride.  On  concentrating  the  ether  about  2  g.  of  the 
nitrite  of  the  ester  was  obtained.  After  filtering  off  the  solid  ester  nitrite 
the  ether  solution  was  washed  thoroughly  with  cold  water  to  remove  any 
of  the  ester  nitrite  which  had  remained  in  solution.  The  ether  solution 
was  then  dried  and  made  up  to  25  cc.  The  solution  had  a  deep  yellow 
color.     In  a  2-dcm.  tube  the  rotation  was  — 4.2 1°. 

Five  cc.  of  this  ether  solution  was  titrated  with  iodine  solution.  3.5 
1  Fischer  and  Weichbold,  Ber.,  41,  1292  (1908). 
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cc.  of  o.i  N  iodine  solution  was  used  up,  showing  that  the  5  cc.  of  solution 
contained  0.033  g.  of  diazo  ester. 

Fifteen  cc.  of  the  ether  solution  was  shaken  up  with  20%  sulfuric  acid 
until  the  yellow  color  was  destroyed,  the  ether  dried  over  sodium  sulfate, 
and  the  solution  again  made  up  to  15  cc.  In  a  2-dcm.  tube  the  rotation 
was  — 0.96  °. 

This  experiment  may  indicate  the  existence  of  an  optically  active 
diazo  ester  which  on  hydrolysis  gives  an  active  hydroxy  ester.  It  has 
been  found,  however,  that  20%  sulfuric  acid  will  cause  racemization  of 
active  ethyl  mandelate.    This  is  shown  by  the  following  experiment. 

/-Ethyl  mandelate  was  prepared  as  described  in  the  following  experi- 
ment. The  rotation  of  a  sample  was  taken  in  a  one-dcm.  tube  and  found 
to  be  — 2 .02°.  The  ester  was  then  shaken  with  20%  sulfuric  acid  for  15 
minutes,  taken  up  in  ether,  dried,  and  after  the  ether  had  been  removed, 
again  examined  in  the  polariscope.  The  rotation  in  a  one-dcm.  tube  was 
only — 1.6°. 

This  evidence  makes  it  seem  probable  that  the  rotation  observed  in  the 
diazo  ester  solution  was  due  to  the  presence  of  /-ethyl  mandelate  and  that 
the  treatment  with  sulfuric  acid  caused  racemization  of  this  ester. 

Attempts  to  Prepare  /-Ethyl  Mandelate. — Fischer  and  Weichbold1 
have  found  that  treatment  of  d-ethyl  phenylamino-acetate  in  dil.  sulfuric 
acid  solutions  with  sodium  nitrite  gave  ethyl  mandelate  with  slightly 
negative  rotation. 

21.5  g.  of  the  /-ester  hydrochloride  was  dissolved  in  130  cc.  of  AT  sulfuric 
acid  and  the  solution  cooled  to  o°.  A  solution  of  6.4  g.  of  sodium  nitrite 
in  10  cc.  of  water  was  added  slowly  and  with  stirring.  A  yellow  oil  soon 
began  to  separate  from  the  solution.  After  all  of  the  nitrite  was  added, 
the  solution  was  kept  at  o°  for  one  hour  and  then  gradually  allowed  to 
warm  up  to  room  temperature.  After  about  2  hours  the  evolution  of 
gas  had  stopped  and  the  oily  layer  was  collected  in  ether,  the  ether  solu- 
tion dried  and  distilled  under  reduced  pressure.  7.5  g.  of  mandelic  ester 
boiling  at  130-135  °  at  13  mm.  was  obtained.  The  rotation  was  taken 
in  a  one-dcm.  tube  and  was  found  to  be  — 5.250.  The  ester  was  then 
crystallized  from  petroleum  ether,  and  was  found  to  melt  at  about  30  °. 

The  result  confirms  the  previous  work  in  that  most  of  the  ester  was 
racemized.  In  this  experiment,  however,  the  mandelic  ester  obtained 
rotates  in  the  same  direction  as  the  amino  ester  from  which  it  was  prepared. 

Action  of  Acetic  Anhydride  on  the  Nitrite  of  /-Ethyl  Phenylamino- 
acetate. — 1.6  g.  of  the  /-ester  nitrite  obtained  by  the  action  of  silver 
nitrite  on  an  /-ester  hydrochloride  in  dry  ether2  was  dissolved  in  20  cc.  of 
dry  ether  and  treated  with  2  g.  of  acetic  anhydride.    The  solution  warmed 

1  Fischer  and  Weichbold,  Ber.,  41,  1294  (1908). 
•  Kossel,  ibid.,  24,  4155  (1891). 
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up  slightly.  After  2  days  the  solution  was  concentrated  under  reduced 
pressure  over  solid  sodium  hydroxide.  After  several  days  crystals 
separated.  These  were  dried  on  a  clay  plate.  They  melted  at  68-70°. 
A  mixed  melting-point  with  the  acetyl  derivative  of  /-ethyl  phenylamino- 
acetate  showed  that  the  2  compounds  were  identical. 

2.  Derivatives  of  Methyl  Phthalimidine. 

Methyl  Phthalimidine. — The  compound  was  prepared  according  to 
Gabriel's  directions  through  phthalyl-acetic  acid.  Phthalyl-acetic  acid1 
was  obtained  in  48%  yield  when  the  directions  in  the  literature  were 
followed.  When  this  compound  is  treated  with  alkali  and  then  with 
acid  and  hydrazine  sulfate  methyl  phthalazone  was  obtained  in  67% 
yields.2  Gabriel's  directions  for  the  reduction  of  methyl  phthalazone3 
are  not  very  definite  and  the  directions  used  for  this  step  are  given  here. 

Eighty  g.  of  methyl  phthalazone  was  dissolved  in  400  cc.  of  hydro- 
chloric acid  (sp.  gr.  1.19).  .To  this  solution  150  g.  of  granulated  zinc  was 
added  in  portions.  After  about  2  hours  the  zinc  had  dissolved  and  the 
solution  was  treated  with  an  excess  of  sodium  hydroxide  solution.  The 
methyl  phthalimidine  was  obtained  by  extracting  this  solution  15  to  20 
times  with  100-cc.  portions  of  ether.  The  methyl  phthalimidine  is  not 
very  soluble  in  ether  and  therefore  the  extraction  is  slow. 

After  evaporating  the  ether  30  g.  of  crude  methyl  phthalimidine  was 
obtained.  The  product  was  purified  by  vacuum  distillation.  The  yield 
was  25  g.  The  substance  boiled  at  1800  at  10  mm.  and  melted  at  ioo°. 
The  material  crystallizes  very  slowly.  It  oxidizes  in  the  air  to  give  a 
reddish  colored  substance. 

Nitroso  Methyl  Phthalimidine. — Twenty  g.  of  methyl  phthalimidine 
was  dissolved  in  200  cc.  of  hydrochloric  acid  (one  volume  of  acid  of  sp. 
gr.  1. 1 9  to  one  volume  of  water)  and  the  solution  cooled  to  o°.  While 
the  solution  was  cooled  10  g.  of  sodium  nitrite  in  20  cc.  of  water  was  added 
slowly.  The  nitroso  compound  first  separated  as  an  oil  but  soon  solidified. 
After  one  hour  the  crystals  were  filtered  off  and  recrystallized  from  50% 
alcohol,  with  a  yield  of  20  g.  (83%  of  the  calculated  amount). 

For  analysis  the  product  was  again  recrystallized  from  50%  alcohol. 
The  purified  product  melts  at  86.5-87  °. 

Subs.,  0.1 104:  16  cc.  N  at  744  mm.  and  26°. 
Calc.  for  CfH8OjN:  N,  15.9.    Found:  16.2. 

Attempt  to  Prepare  o-Carboxethyl  Phenyl  Methyl  Diazomethane. — 
3-5  g«  of  nitroso  methyl  phthalimidine  was  dissolved  in  300  cc.  of  dry 
ether.  The  solution  was  cooled  to  — io°  and  a  solution  of  one  g.  of 
sodium  in  10  cc.  of  absolute  alcohol  was  added  in  portions.    After  about 

1  Gabriel,  Ber.,  26,  952  (1S93). 

*Ibid.,  26,706  (1893). 

•Loc.cU. 
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1/2  hour  carbon  dioxide  was  passed  into  the  solution  to  react  with  the 
sodium  ethylate.  The  ether  solution  became  deep  red  in  color.  The 
sodium  carbonate  was  filtered  off  and  washed  with  dry  ether,  and  the 
ether  was  removed  under  reduced  pressure.  A  reddish  oil  remained.  On 
standing  for  sometime  this  oil  gradually  changed  to  a  yellow  solid  which 
melted  at  1 95-200  °.  This  was  recrystallized  from  alcohol  and  melted  at 
2200.    The  amount  obtained  was  too  small  for  satisfactory  analysis. 

Attempts  to  Resolve  Methyl  Phthalimidine. — The  resolution  was 
attempted  with  d-camphor-sulfonic  acid  and  d-bromocamphor-sulfonic 
acid.  Neither  of  these  acids  gave  a  crystalline  salt  with  the  base.  The 
methyl  phthalimidine  was  then  boiled  with  a  solution  of  sodium  hydroxide 
the  excess  of  sodium  hydroxide  was  neutralized  with  nitric  acid  and  the 
0-a-aminoethyl-benzoic  acid  precipitated  as  the  silver  salt.  The  silver 
salt  was  boiled  with  ethyl  iodide  in  dry  ether,  the  silver  iodide  removed 
and  the  ether  evaporated.  An  oily  substance  was  obtained.  Its  prop- 
erties corresponded  to  those  of  an  amino  ester.  It  did  not  give  crystal- 
line salts  with  d-camphor-sulfonic  acid  or  d-bromocamphor-sulfonic  acid. 

Since  it  was  not  possible  to  resolve  the  methyl  phthalimidine,  the  work 
on  this  series  was  abandoned. 

3.  Derivatives  of  a-Amino-n-caproic  Acid. 

The  amino  acid  was  prepared  from  the  bromo  acid  according  to  the 
method  described  in  the  literature.1  The  amino  acid  was  resolved  through 
the  formyl  derivative.2  a-Amino-n-caproic  ethyl  ester  was  prepared 
according  to  the  method  of  Fischer.8  Thirty  g.  of  amino  acid  gave  29  g. 
of  ester,  boiling  at  82-83  °  at  9  mm.  The  ester  hydrochloride  was  pre- 
pared from  this  by  dissolving  the  ester  in  dry  ether  and  passing  hydrogen 
chloride  into  the  solution.    The  yield  was  33  g. 

Ethyl  a-Diazo-w-caproate. — Fifty  g.  of  the  ester  hydrochloride  (free 
from  excess  of  hydrochloric  acid)  was  dissolved  in  150  cc.  of  water,  and  the 
solution  was  cooled  to  — io°.  To  this  solution  60  g.  sodium  acetate  and 
60  g.  sodium  nitrite  were  added.  Then,  during  one  hour,  75  cc.  of  glacial 
acetic  acid  was  added.  Very  little  evolution  of  nitrogen  occurred.  The 
solution  was  kept  at  — 50  to  — 10  °  for  3V2  hours.  The  ether  became 
deeply  colored,  due  to  th%  formation  of  the  diazo  ester. 

After  the  Teaction  was  practically  complete,  the  ether  layer  was  sepa- 
rated, washed  2  or  3  times  with  water,  2  or  3  times  with  sodium  hydrogen 
carbonate  solution  and  then  allowed  to  stand  over  solid  barium  hydroxide 
to  remove  all  of  the  acetic  and  nitrous  acids.  This  was  found  to  be  very 
necessary  as  any  trace  of  acid  caused  decomposition  later  on  in  the 
preparation.    The  ether  solution  was  then  thoroughly  dried  over  calcium 

1  Z.  physiol.  Chem.,  86,  454  (1913);  This  Journal,  42,  320  (1920). 

1  Ann.,  362,  333  (1908). 

8  Fischer,  Ber.t  34,  433  (1901). 
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chloride.  The  ether  was  removed  in  a  vacuum  desiccator  over  solid 
sodium  hydroxide  and  the  residue  distilled  under  reduced  pressure. 
About  2  g.  of  low-boiling  material  came  over  and  then  the  diazo  ester 
boiled  between  75  and  780  at  10  mm.  The  yield  was  15  g.  The  ester 
was  redistilled  and  13  g.  (30%  of  the  calculated  amount)  was  obtained; 
the  variation  in  boiling-point  was  less  than  1  °. 

Steam  distillation  did  not  purify  this  diazo  ester,  as  was  shown  by  the 
following  experiment.  1.4  g.  of  diazo  ester  (N  =  11.7%)  was  distilled 
with  25  cc.  of  water  and  5  g.  of  barium  hydroxide.  From  the  distillate 
0.5  g.  diazo  ester  (N  =  n.6%)  was  recovered.  Approximately  */«  of  the 
ester  was  destroyed  and  no  purification  was  obtained. 

The  ester  was  analyzed  by  the  sulfuric  acid  method.1 
Subs.,  0.1414,  0.1730,  0.1614:  19.0  cc.  N  at  25 °  and  749  mm.,  23.0  cc.  N  at  26 ° 
and  745  mm.,  23.2  cc.  N  at  25  °  and  745  mm. 

Calc.  for  CgHuOjNi:  N,  16.47.     Found:.  15.2,  15.,  16.2. 

The  ester  is  lemon-yellow  in  color;  crystallizes  when  cooled  in  mixtures  of 
carbon  dioxide-snow  and  ether;  it  is  lighter  than  water;  nD  at  260  =  1.453. 
Decomposition  of  Ethyl  o-Diazo-n-caproate  with  Dilute  Acetic  Acid. — 
Ten  g.  of  the  diazo  ester  was  refluxed  for  one  hour  with  50  cc.  of  10% 
acetic  acid.  The  ester  loses  its  yellow  color.  The  reaction  mixture  was 
cooled  and  the  ester  taken  up  in  ether.  The  ether  solution  was  dried  and 
distilled  under  reduced  pressure.  The  following  fractions  were  obtained: 
I,  2.5  g.  boiling  at  67-72 °  at  10  mm.;  II,  1.5  g.  boiling  at  72-85 °  at  10 
mm.;  Ill,  3  g.  boiling  at  85-9x5°  at  10  mm.  Fraction  I  decolorized  a 
solution  of  bromine  in  carbon  tetrachloride  and  reacted  with  dil.  potas- 
sium permanganate  solution.  On  saponification  with  potassium  hy- 
droxide solution  and  acidification,  an  acid  was  obtained  which  was  volatile 
with  steam.  The  acid  was  distilled  with  steam  to  separate  it  from  any 
non-volatile  hydroxy  acid.  The  volatile  acid  was  taken  up  in  ether  and 
dried  and  the  ether  evaporated.  One  g.  of  the  acid  in  5  cc.  of  carbon 
disulfide  was  treated  with  1.6  g.  of  bromine  and  the  solution  allowed  to 
stand  overnight.  Most  of  the  bromine  color  disappeared.  On  spon- 
taneous evaporation  an  oily  dibromo  acid  was  obtained  but  it  could  not  be 
obtained  in  crystalline  condition. 

Subs.,  (dibromo  acid)  0.7165:  25.7  cc.  of  0.101  N  NaOH. 
Neutral  equivalent  calc.  for  CeHioOjBri:  274.     Found:  276. 

Fittig2  has  prepared  A^hexenoic  acid  and  gives  its  melting-point  as 
30-32  °.  He  also  describes  the  a-0-dibromo-hexoic  acid  and  gives  its 
melting-point  at  710.  Although  in  this  work  these  acids  were  not  ob- 
tained in  crystalline  condition,  there  is  little  doubt  that  both  were  pre- 
pared. 

1  Curtius,  /.  prakt.  Chcrh.,  [2]  38,  418  (1888). 

*  Ann.,  283,  118  (1894). 
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Fraction  III  was  saponified  with  potassium  hydroxide  solution.  The 
solution  was  made  acid  and  distilled  with  steam  to  remove  the  small 
amount  of  unsaturated  acid.  The  solution  was  then  extracted  with  ether 
to  obtain  the  hydroxy  acid.  The  hydroxy  acid  from  the  ether  layer  was 
obtained  as  an  oil.  By  crystallizing  from  petroleum  ether  it  was  obtained 
in  white  crystals  melting  at  58  °.  Abderhalden1  gives  the  melting-point  of 
a-hydroxy-caproic  acid  at  60  °.  The  copper  salt  was  prepared  as  de- 
scribed by  Abderhalden.  The  analysis  and  decomposition  temperature 
of  the  copper  salt  confirmed  the  conclusion  that  the  acid  was  a-hydroxy- 
caproic  acid. 

Copper  salt  decomposed  at  2700. 

Subs.  (Cu  salt),  0.1727:  CuO,  0.0416. 

Calc.  for  (CJItCHOHCOOiCu:  Cu,  19.54.    Found:  19.50. 

/-Ethyl  a-Amino-tt-caproate. — Thirteen  g.  of  /-amino  acid  [(a)D  — 22  °] 
was  esterified  in  the  usual  manner.  The  yield  of  free  ester  was  11.5  g. 
(72%  of  that  calculated)  boiling  at  86-87  °  at  12  mm.  The  rotation  in 
a  one-dcm.  tube  was  — n.650.  The  hydrochloride  was  prepared  as  de- 
scribed before.    The  yield  was  14  g. 

1-7582  g.  of  the  hydrochloride  in  1 3-4371  £•  of  water  gave  a  rotation  of  — 1.70  in 
a  2-dcm.  tube  in  sodium  light;   (a)v  =  — 7250. 

d-Ethyl  a-Amino-tt-caproate. — Thirteen  g.  of  d-amino  acid  [(a)D  = 
+  I7°]  gave  IX  g-  ester  boiling  at  85 °  at  10  mm.  The  rotation  in  a  one- 
dcm.  tube  was  +6.150.  The  ester  gave  13  g.  of  the  hydrochloride.  The 
rotation  of  the  salt  was  not  taken. 

Attempts  to  Prepare  Optically  Active  Diazo  Compounds  from  the 
d-  and  Z-ester  Hydrochlorides. — Fourteen  g.  of  /-ester  hydrochloride 
was  dissolved  in  50  cc.  of  water  and  diazotized  as  described  under  the 
preparation  of  ethyl  diazo-caproate.  20  g.  of  sodium  acetate,  20  g.  of 
sodium  nitrite  and  25  cc.  of  glacial  acetic  acid  were  used.  The  yield  of 
diazo  ester  was  1.5  g.,  boiling  at  70-71  °  at  7  mm. 

Subs.,  0.2817:  35.8  cc.  N  at  23  °  and  743  mm 
Calc.  for  CaHiiOaNi:  N,  16.47.    Found:  14.45. 

The  ether  solution  first  separated  from  the  diazotization  reaction 
mixture,  was  examined  in  the  polariscope  and  seemed  to  show  a  possible 
rotation  of  about  — 0.03  °.    After  distillation  the  ester  was  inactive. 

0.626  g.  of  diazo  ester  in  10.24  g.  dry  ether  was  examined  in  a  2-dcm. 
tube.  There  was  no  rotation.  The  ether  solution  was  shaken  with  dil. 
sulfuric  acid  until  it  became  colorless,  dried  and  the  solution  again  ex- 
amined in  the  polariscope.    It  was  inactive. 

Twelve  g.  of  d-ester  hydrochloride  was  diazotized  and  2  g.  of  diazo 
ester  boiling  at  72-73  °  at  8  mm.  was  obtained.  The  nitrogen  content  was 
1  Abderhalden,  Z.  physiol.  Chem.,  84,  39  (19 13). 
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14.6%.  Neither  the  crude  ether  solution  nor  the  purified  ester  dissolved 
in  dry  ether  showed  any  signs  of  optical  activity. 

Attempt  to  Prepare  /-Ethyl  a-Hydroxy-n-caproate. — Thirteen  g.  of 
d-ethyl  a-amino-caproate  hydrochloride  (from  free  ester  with  rotation  of 
only  +2.15 °)  was  dissolved  in  130  cc.  of  N  sulfuric  add.  The  solution 
was  cooled  to  o°  and  diazotized  with  a  solution  of  7  g.  of  sodium  nitrite 
in  10  cc.  of  water.  A  yellow  oil  soon  began  to  separate.  After  standing 
for  about  one  hour  at  o°  the  solution  was  removed  from  the  ice-bath  and 
gradually  warmed  to  about  40  °.  The  oily  product  was  collected  in  ether, 
dried  and  distilled  under  reduced  pressure.  The  total  distillate  weighed 
4  g.  It  boiled  partly  at  65-700  and  partly  at  87-900  at  10  mm.  2  g. 
of  dry  ether  was  added  and  the  rotation  taken  in  a  one-dcm.  tube.  The 
rotation  was  +0.7  °.  The  free  ester  decolorized  bromine  and  reacted 
with  permanganate  solution,  showing  the  presence  of  A^hexenoic  ester. 
The  product  was  not  investigated  further  to  show  the  relative  proportions 
of  unsaturated  ester  and  hydroxy-ester.  As  nearly  as  could  be  determined 
by  the  boiling-point  they  were  present  in  almost  equal  amounts. 

a-Bromo-n-caproyl  Chloride. — Fifty  g.  of  a-bromo-caproic  acid  was 
heated  with  28  g.  of  thionyl  chloride  under  a  reflux  condenser  until  no  more 
sulfur  dioxide  was  evolved.  The  residue  was  distilled  under  diminished 
pressure.  A  very  little  low-boiling  material  was  obtained  and  then  the 
acid  chloride  came  over.  There  was  considerable  residue  of  high-boiling 
material,  doubtless  unchanged  acid.  The  yield  was  37  g.  (67%  of  the 
amount  calculated)  boiling  at  102-105°  at  30  mm. 

Subs.,  0.2144:  19.42  cc.  of  0.1  N  AgNOi  (method  of  Stepanow). 
Calc:  20.08  cc. 

o-Bromo-n-caproyl-glycine. — This  compound  was  prepared  according 
to  the  directions  which  Fischer1  gives  for  a-bromo-is<?-caproyl-glycine. 

22.5  g.  of  glycocoll  was  dissolved  in  300  cc.  of  N  sodium  hydroxide 
solution.  The  solution  was  cooled  to  o°  and  in  alternate  portions  65  g.  of 
a-bromo-caproyl  chloride  and  350  cc.  of  N  sodium  hydroxide  solution 
were  added.  The  temperature  was  kept  below  io°.  The  mixture  was 
shaken  vigorously  during  the  reaction.  When  the  odor  of  the  acid 
chloride  had  disappeared,  75  cc.  of  5  N  hydrochloric  acid  was  added.  The 
bromo-caproyl-glycine  separated  as  an  oil  and  was  taken  up  immediately 
in  ether.  The  ether  solution  was  separated  and  the  bromo-caproyl- 
glycine  precipitated  by  means  of  an  equal  volume  of  petroleum  ether. 
The  product  separated  in  white  crystals.  Yield  58  g.  (76%  of  the  amount 
calculated);  m.  p.  114-1150. 

Subs.,  04993,  0.4994:  20.2  cc.,  20.2  cc.;  0.101  N  NaOH. 

Neutral  equivalent  calc.  for  CgHuOiNBr:  252.    Found:  244.8;  244.7. 

a-Amino-n-caproyl-glycine. — Thirty  g.    of  a-bromo-n-caproyl-glycine 
1  Fischer,  Ann.,  340,  142  (1905). 
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was  dissolved  in  150  cc.  of  ammonium  hydroxide  (sp.  gr.  0.9).  The  solu- 
tion was  allowed  to  stand  for  4  days  at  room  temperature  and  then  was 
evaporated  to  dryness  on  the  water-bath.  The  ammonium  bromide  was 
removed  by  3  extractions  with  75  to  100  ce.  of  boiling  alcohol.  The  yield 
was  19  g.  (85%  of  the  calculated  amount). 

To  obtain  a  pure  sample  for  analysis,  3  g.  was  dissolved  in  60  cc.  of  hot 
water,  and  to  the  solution  1 20  cc.  of  alcohol  was  added.  The  dipeptide  was 
filtered  with  suction.  Yield  2.8  g.;  m.  p.  226 °.  The  compound  melted 
sharply  and  then  decomposition  occurred.  The  dipeptide  burns  with 
difficulty  when  the  Dumas  method  is  employed  for  determination  of 
nitrogen. 

Dumas  Method. 

Subs./  0.1858:  23.0  cc.  N  at  24  °  and  738  mm. 

Calc.  for  CsHieOsN*:  N,  14.89.    Found:  14.85. 
Kjeldahl  Method. 

Subs.,  0.2000,  0.2000:  21.36  cc.,  21.31  cc.  0.1  N  HsSOi. 

Calc.  for  C8HieO|Ni:  N,  14.89.    Pound:  14.95,  14.91. 

Ethyl  Ester  Hydrochloride  of  o-Amino-n-caproyl-glycine. — Ten  g.  of 
dipeptide  was  suspended  in  100  cc.  of  absolute  alcohol.  The  solution  was 
saturated  with  dry  hydrogen  chloride  which  caused  all  of  the  dipeptide  to 
dissolve.  The  solution  was  then  refluxed  for  15  minutes  on  the  water-bath 
and  cooled.  Many  of  the  dipeptide  ester  hydrochlorides  will  crystallize 
from  the  alcohol.  In  this  case  the  compound  did  not  crystallize  when 
the  solution  was  cooled  in  an  ice-bath  for  several  hours.  Ether  would  not 
cause  the  ester  to  separate  from  solution.  When  the  solution  was  con- 
centrated in  vacuo,  a  gum-like  mass  remained.  Finally  after  standing 
for  over  a  week  in  vacuo  over  sodium  hydroxide  a  little  free  hydrochloric 
acid  could  be  detected  but  the  compound  did  not  crystallize.  The  yield 
of  crude  product  was  14.5  g. 

Subs.,  0.411:     17.27  cc.  0.01022  N  AgNOi. 
Calc.  forCioH»OiNCl:  CI,  14.05.    Found:  15.12. 

That  the  compound  really  was  the  ester  hydrochloride  was  shown  by  the 
fact  that  it  gave  the  corresponding  hydroxy  ester  on  treatment  with 
nitrous  acid. 

Ethyl  Ester  of  a-hydroxy-n-caproyl-glycine. — Fourteen  g.  of  the 
crude  ester  hydrochloride  prepared  in  the  above  experiment  was  dissolved 
in  50  cc.  of  water,  10  g.  of  sodium  acetate  was  added  and  the  solution  was 
cooled  to  o°.  Then  5  g.  of  sodium  nitrite  was  added,  and  after  it  had  dis- 
solved 6  cc.  of  glacial  acetic  acid  was  gradually  added.  Nitrogen  gas  was 
evolved  and  an  oily  substance  separated.  This  soon  changed  to  a  white 
solid.  After  sometime  the  solid  was  filtered  off.  A  little  yellow  oil  came 
through  with  the  water.  This  oil  is  not  diazo  ester,  as  it  does  not  de- 
colorize iodine  solution  and  does  not  give  gas  when  treated  with  sulfuric 
acid.    The  solid  hydroxy  ester  was  purified  by  dissolving  it  in  a  little 
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ether  and  adding  petroleum  ether  to  the  solution.    Yield  3-4  g.    M.  p. 
90^91°. 

Subs.,  0.2308:  (Kjeldahl),  10.75  cc  0.1  N  HsSO* 

Calc.  for  C10HHO4N:  N,  6.45.    Found:  6.52. 

4.  Derivatives  of  a-Amino-caprylic  Acid. 

a-Amino-caprylic  Acid. — This  compound  has  been  prepared  in  35%  - 
yields  by  treating  the  ammonium  addition  compound  of  heptaldehyde  with 
aqueous  hydrocyanic  acid  followed  by  hydrolysis.1  Fifty-five  g.  of  sodium 
cyanide  was  dissolved  in  100  cc.  of  water  and  to  the  solution  57  g.  of 
ammonium  chloride  was  added.  To  this  solution  was  then  added  a  solu- 
tion of  1 14  g.  of  heptaldehyde  in  100  cc.  of  methyl  alcohol.  The  solution 
became  warm  and  after  about  a  half  hour  a  layer  of  the  amino  cyanide 
began  to  separate.  The  reaction  mixture  was  allowed  to  stand  overnight. 
The  amino  cyanide  was  taken  up  in  ether  and  the  ether  distilled  off.  To 
accomplish  the  hydrolysis,  500  cc.  of  hydrochloric  acid  (350  cc.  of  acid 
sp.  gr.  1. 1 9,  and  150  cc.  of  water)  was  added  and  the  solution  was  refluxed 
for  2I/j  hours.  It  was  cooled  and  filtered  to  remove  most  of  the  oily 
impurity  which  had  separated.  The  amino  acid  was  precipitated  from 
the  filtrate  by  adding  ammonium  hydroxide.  The  product  obtained  was 
quite  dark  in  color.  For  purification  it  was  dissolved  in  dilute  solution  of 
sodium  hydroxide  and  boiled  with  bone  black.  The  solution  was  filtered 
and  the  amino  acid  precipitated  by  means  of  a  saturated  solution  of 
ammonium  chloride.  The  product  was  filtered  with  suction  and  washed 
with  water  and  dried  on  filter  paper.  The  yield  was  70-75  g.  (43-47% 
of  the  calculated  amount).  The  amino  acid  may  be  crystallized  from 
water,  but  it  is  not  very  soluble  even  in  boiling  water. 

Ethyl  a-Amino-caprylate  Hydrochloride. — Fifty  g.  of  the  amino 
acid  was  esterified  as  described  under  the  corresponding  caproic  acid 
derivatives.  The  yield  of  ester  was  40  g.  It  boiled  at  no°  under  10 
mm.  pressure;  nD  at  21  °  is  1.436. 

The  amino  ester  was  converted  to  the  hydrochloride  in  the  usual  way. 
The  yield  was  nearly  quantitative,  m.  p.  76-77  °. 

Subs.,  0.4980,  0.4971:  21.55  cc,  21.49  cc.  0.1022  N  AgNOi  (Volhard). 
Calc.  for  CioHaOjNCl:  CI,  1588.    Found:  15.66,  15.67. 

Attempt  to  Prepare  Ethyl  a-Diazo-caprylate. — The  ester  hydrochloride 
was  diazotized  according  to  the  directions  followed  in  the  preparation  of 
the  ethyl  a-diazo-caproate.  Twenty-three  g.  of  the  ester  hydrochloride 
gave  2  g.  of  yellow  oil  boiling  at  102-107  °  at  11  mm.  Analysis  by  the 
sulfuric  acid  method  showed  only  5%  of  nitrogen.  A  second  run  decom- 
posed during  distillation  after  the  product  was  distilling  at  90 °  at  6  mm,, 
and  2.5  g.  Of  ethyl  a-hydroxy-caprylate  boiling  at  80-85 °  at  7  mm.  was 
obtained.  This  was  identified  only  by  the  saponification  number. 
1  Erlenmeyer  and  Sigel,  Ann.,  176,  344  (1875). 
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Subs.,  1.452:  8.16  cc.  0.9782  N  NaOH. 

Saponification  number:  Calc.  from  CjHuCHOHCOiQH*:  188.    Found:  182. 

Another  experiment  was  carried  out  in  which  the  free  ester  was  diazotized 
in  acetic  acid  solution.    The  results  were  not  much  better. 

18.7  g.  of  ethyl  amino-caprylate  was  dissolved  in  50  cc.  of  water  and 
6  cc.  of  glacial  acetic  acid.  The  solution  was  cooled  below  o°  and  20  g. 
of  sodium  acetate  and  15  g.  of  sodium  nitrite  were  added.  The  solution 
was  covered  with  ether  and  20  cc.  of  glacial  acetic  acid  slowly  added. 
After  standing  at  o°  for  4  hours  the  ether  layer  was  separated  and  worked 
up  according  to  the  usual  method.  Nine  g.  of  product  boiling  at  105-1  io° 
at  10  mm.  was  obtained.  This  product  contained  only  8.15%  of  nitrogen. 
The  product  was  then  refractionated  at  6  mm.  and  divided  into  3  portions. 

Fraction  x.    4  g.  boiling  below  900:  N  —  4.6%. 
Fraction  2.    3  g.  boiling  below  90-95  °:  N   =*  9.2%. 
Residue.         2  g.  not  analyzed. 

The  percentage  of  nitrogen  should  be  14.14%.    Therefore,  the  diazo 
compound  was  about  65%  pure. 

5.  Derivatives  of  Secondary  Butylamine. 

Ethylmethyl-ketoxime.1 — 250  g.  of  hydroxylamine  sulfate  (90% 
pure)  was  dissolved  in  1500  cc.  of  water.  To  the  solution  were  added 
216  g.  of  ethylmethyl-ketone  and  160  g.  of  sodium  carbonate.  The  solu- 
tion was  allowed  to  stand  for  24  hours.  The  oxime  was  taken  up  in  ether, 
dried  over  calcium  chloride  and  distilled.  The  yield  was  203  g.  (85%  of 
that  calculated);  b.  p.  150-155°. 

Secondary  Butylamine. — Ninety  g.  of  methylethyl-ketoxime  was 
dissolved  in  one  liter  of  absolute  alcohol.  To  the  solution  150  g.  sodium 
was  added  in  portions,  within  one  hour.  The  solution  was  boiled  and  more 
absolute  alcohol  was  added  from  time  to  time  until  all  the  sodium  had 
reacted.  About  300  cc.  of  absolute  alcohol  was  added.  When  all  the 
sodium  was  in  solution,  the  amine  and  alcohol  were  distilled  with  steam. 
To  the  distillate  a  slight  excess  of  hydrochloric  add  (sp.  gr.  1.19)  was 
added  and  the  solution  evaporated  to  dryness  on  the  water-bath.  The 
amine  hydrochloride  was  placed  in  a  flask  attached  to  a  condenser  and 
the  free  amine  liberated  with  a  very  concentrated  solution  of  sodium 
hydroxide.  The  free  amine  was  separated  and  dried  over  solid  sodium 
hydroxide  and  distilled.  Yield  40  g.  (53%  of  the  amount  calculated), 
boiling  at  66-70°. 

CH3V 
Secondary  Butyl  Urethane,  >CHNHCOOCiH».*— Forty  g.  of 

CtUfT 
secondary  butylamine  was  dissolved  in  100  cc.  of  dry  ether  and   to  the 

1  Janny,  Ber.,  15,  2779  (1882). 
1  Rec.  trav.  chim.,  24,  19  (1895). 
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cold  solution  was  added  a  solution  of  30  g.  of  ethyl  cblorocarbonate  in  an 
equal  volume  of  dry  ether.  The  reaction  was  very  vigorous.  After  the 
reaction  was  complete  the  amine  hydrochloride  was  filtered  off  and  28.5 
g.  was  obtained.  The  ether  was  evaporated  and  the  urethane  distilled 
under  reduced  pressure.  Yield  30  g.  (75%  of  the  calculated  amount); 
b.  p.  87-88 °  at  14  mm. 

Attempts  to  Prepare  the  Nitroso  Derivative  of  Secondary  Butyl  Ure- 
thane.— The  urethane  was  dissolved  in  glacial  acetic  add  and  treated 
with  sodium  nitrite  but  was  recovered  unchanged.  The  solution  in  30% 
acetic  acid  did  not  give  better  results.  The  urethane  was  treated  in  dry 
ether  with  amyl  nitrite  and  dry  hydrogen  chloride  but  was  recovered  un- 
changed from  the  reaction  mixture. 

Summary. 

1.  Ethyl  a-diazo-n-caproate  was  prepared  in  30%  yields  from  the 
corresponding  amino  ester  hydrochloride  by  a  slight  modification  of 
Curtius'  method  of  preparing  diazo  esters. 

2.  Samples  of  this  diazo  ester  prepared  from  the  d-  and  /-forms  of  £he 
amino  ester  hydrochloride  were  found  to  be  optically  inactive.  They 
were  decomposed  by  dil.  sulfuric  acid  and  the  resulting  compounds  were 
also  optically  inactive. 

3.  Ethyl  a-diazo-n-caproate  was  decomposed  by  dil.  acids  and  the 
products  formed  were  ethyl  a-hydroxy-n-caproate  and  ethyl  A1  hex- 
enoate. 

4.  Impure  diazo  esters  were  prepared  from  phenylamino-acetic  acid 
and  a-amino-caprylic  acid.  These  esters  decomposed  on  attempting 
to  purify  them  by  vacuum  distillation  and  the  corresponding  hydroxy 
esters   were   obtained. 

5.  The  treatment  of  optically  active  amino  ester  hydrochlorides  with 
nitrous  acid  under  certain  conditions  gave  optically  active  hydroxy  esters. 
If  the  diazo  ester  is  an  intermediate  product  this  is  evidence  for  the  ex- 
istence of  an  asymmetric  diazo  compound. 

6.  Improved  methods  for  the  preparation  of  <i/-phenylamino-acetic 
acid,  d/-ethyl  phenylamino-acetate,  /-phenylamino-acetic  acid,  /-ethyl 
phenylamino-acetate  hydrochloride,  methyl  phthalimidine,  a-amino- 
caprylic  acid,  secondary  butyl  amine  and  secondary  butyl  urethane  were 
devised. 

7.  The  following  new  compounds  were  prepared: 
dZ-Acetyl-ethyl  phenylamino-acetate,  CuHuOsN,  m.  p.  65-66  °. 
d/-Carboethoxy  ethyl  phenylamino-acetate,  O3H17O4N,  m.  p.  57  °. 
/-Acetyl  ethyl  phenylamino-acetate,  OjHhOjN,  m.  p.  69-70 °,  [a]D  ■» 

-138.7  °. 

Nitroso  methyl  phthalimidine,  CoHgOjNj,  m.  p.  86.5-87°. 
Ethyl  a-diazo-n-caproate,  CgHwOjNj,  b.  p.  75-76°  at  10  mm. 
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/-Ethyl  a-amino-«-caproate,  C8H17O2N,  b.  p.  86-87°  at  12  mm.,  [a]D  = 
— 11.650  in  a  one-dcm.  tube 
/-Ethyl  a-amino-n-caproate  hydrochloride,  CgHigOjNCl,  [a]D  —  — 7.25 
a-Bromo-n-caproyl  chloride  C«HioOCLBr,  b.  p.  102-105  °  at  30  mm. 
a-Bromo-n-caproyl-glycine,  CsHwOjNBr,  m.  p.  114-115°. 
a-Amino-w-caproyl-glycine,  CgHuOsNs,  m.  p.  2260. 
Ethyl  ester  of  a-oxy-n-caproyl-glydne,  C10H19O4N,  m.  p.  90-91°. 
Ethyl  a-amino-caprylate,  Ci0H»iO»N,  b.  p.  no°  at  10  mm. 
Ethyl  a-amino-caprylate  hydrochloride,  GoHaOjNCl,  m.  p.  76-77°. 

Urban  a,  III. 


[Contribution  from  the  Laboratories  of  the  Rockefeller  Institute  for 

Medical  Research.] 

SYNTHESES  IN  THE  CINCHONA  SERIES.    VI.  AMINOAZO  AND 
HYDROXYAZO  DYES  DERIVED  PROM  CERTAIN  5-AMINO 
CINCHONA  ALKALOIDS  AND  THEIR  QUINOLINE 
ANALOGS. 

By  Walter  A.  Jacobs  and  Michael  Heidelbbrger. 

Received  June  29,  192a 

In  our  study  of  5-amino-dihydroquinine1  it  was  found  to  couple  smoothly 
in  dil.  acetic  acid  solution  with  diazo  compounds  to  form  aminoazo  dyes 
in  which  we  assume  the  azo  group  to  enter  Position  8  in  the  quinoline 
portion  of  the  molecule 


This  assumption  seems  justified  since,  on  the  one  hand,  Position  8  is  the 
only  one  which  satisfies  the  usual  laws  of  substitution  for  a  5-amino-6- 
methoxyquinoline  (analogous  to  a-amino-0-methoxynaphthalene),  and 
finally,  since  5-aminoquinoline  was  also  found  to  yield  aminoazo  dyes 
which  could  be  reduced  to  5,8-diamino-quinoline. 

Of  the  dyes  from  5-amino-dihydroquinine  the  phenylazo-,  £-sulfo- 
phenylazo-,  and  the  p-methoxy-  and  £-ethoxy-phenylazo-compounds 
were  prepared  and  studied.  5-Amino-dihydroquinidine  and  5-amino- 
ethyldihydrocupreine  also  readily  yielded  phenylazo  compounds.  These 
substances  are  usually  red,  well  defined/crystalline  compounds,  forming 
orange-red  solutions  in  neutral  solvents  and  deep  purple  solutions  in 
1  This  Journal,  42,  1485  (1920). 
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dilute  mineral  acids,  except  in  the  case  of  the  p-methoxy-  and  ethoxy- 
dyes,  the  salts  of  which  are  a  pronounced  violet-blue. 

If  the  solution  of  one  of  the  amino  dyes  in  mineral  acid  is  boiled,  a  very 
rapid  color  change  from  a  purplish-red  to  a  brown-red  is  to  be  noted,  due 
to  the  replacement  of  the  amino  group  by  hydroxyl,  with  elimination  of 
ammonia  which  is  readily  detected  on  rendering  alkaline.  By  this  reac- 
tion it  has  been  possible  to  prepare  from  the  5-amino-8-azo-cinchona 
dyes  the  corresponding  5-hydroxy  compounds 

CH 


I       H,Cf       ,     *  ^CHCHtCH. 

OH         H  Xr 

N 


The  lability  of  the  amino  group  in  the  5-amino  compounds  is  surprisingly 
great,  since  boiling  on  the  water-bath  in  a  mixture  of  equal  parts  of  1  :  1 
hydrochloric  add  and  alcohol  suffices  in  all  instances  to  cause  complete 
cleavage  in  from  5  to  15  minutes,  the  alcohol  being  added  to  increase  the 
solubility  of  the  dye  salts.  Although  the  replacement  of  an  amino  group 
by  hydroxyl  in  acid  solution  has  been  previously  noted  and  used  for  pre- 
parative purposes  in  a  number  of  instances,  as  in  the  preparation  of 
a-naphthol  from  a-naphthylaminel  and  the  dihydroxybenzenes  from  the 
phenylenediamines,*  as  a  rule  high  temperatures  have  been  found  es- 
sential. The  ease  of  replacement  of  amino  by  hydroxyl  in  our  com- 
pounds more  closely  resembles  that  occurring  in  salts  of  s^w.-triamino- 
benzene  and  its  derivatives,  permitting  their  ready  and  complete  conver- 
sion into  phloroglucinol  and  its  derivatives  at  the  temperature  of  the 
water  bath.1 

It  was  of  interest  to  determine  whether  the  lability  of  the  amino  group 
in  our  compounds  was  due  to  the  influence  of  the  cinchona  molecule  as  a 
whole,  or  whether  analogous  dyes  obtained  from  5-aminoquinoline  would 
behave  in  the  same  way.  As  a  matter  of  fact,  phenylazo-5-aminoquinoline 
yielded  phenylazo-5-hydroxyquinoline,  but  it  required  a  definitely  longer 
period  of  heating  to  bring  about  complete  cleavage.  On  the  other  hand, 
the  dyes  from  5-amino-6-methoxyquinoline,  which  afforded  a  closer  parallel 
to  the  5-amino-dihydroquinine  dyes,  were  found  to  be  as  easily  converted 
into  the  hydroxy  dyes  as  the  alkaloidal  derivatives  themselves.  It  would 
seem,  therefore,  that  the  methoxy  or  ethoxy  group  in  Position  6  contri- 
butes markedly  to  the  lability  of  the  amino  groups  in  these  compounds. 
1  Ger.  Pat  102,358. 

*  Ber.,  30,  2569  (1897). 

•  Manatsh.,  18,  755  (1897);  io,  223,  236,  249  (1898);  21,  39  (1900). 
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The  hydroxyazo  dyes  are  also  substances  with  excellent  properties  and 
crystallize  very  readily.  In  spite  of  the  hydroxyl  group  they  do  not 
dissolve  in  dil.  alkali,  but  after  making  an  alcoholic  solution  alkaline  it 
may  be  diluted  freely  without  precipitating  the  dye,  subsequent  addition 
of  ammonium  chloride  being,  however,  sufficient  to  cause  precipitation. 

On  reduction  the  new  cinchona  and  quinoline  dyes  yield  amino  com- 
pounds in  which  interesting  relationships  have  been  observed  in  the  re- 
placement of  the  amino  group  by  hydroxyl.  These  studies  are  stDl  in 
progress,  and  we  shall  describe  them  in  a  subsequent  communication. 

I. 
5-Amino-8-phenylazo-dihydroquinine. — One   g.   of  aniline   dissolved 
in  30  cc.  of  normal  hydrochloric  acid  was  diazotized  with  10  cc.  of  normal 
sodium  nitrite,  with  chilling.    A  solution  of  3.4  g.  of  5-amino-dihydro- 
quinine1  in  20  cc.  of  normal  acetic  acid  was  diluted  to  200  cc.,  treated  with 
20  cc.  of  saturated  sodium  acetate  solution,  chilled  to  about  io°,  and 
slowly  treated,  with  turbining,  with  the  diazo  solution.    The  original 
orange-red  solution  rapidly  changed  to  a  deep  red,  and  after  15  minutes 
the  dye  was  precipitated  as  deep  red  flocks  by  the  addition  of  an  excess 
of  ammonia,  filtered  off,  and  washed  with  water.    On  taking  up  the  moist 
dye  in  hot  alcohol  it  dissolved  partially  but  almost  immediately  crystal- 
lized.   Recrystallized  from  95%  alcohol,  the  dye  gradually  separated  as 
glistening,  red  needles  containing  approximately  one  molecule  of  water 
of  crystallization  when  air-dried.    Hie  yield  was  2.2  g.    The  air-dry 
substance  melts  at  155-7°  with  preliminary  darkening  and  sintering.    It 
dissolves  sparingly  in  the  cold  in  methyl  and  ethyl  alcohols,  benzene,  and 
chloroform,  but  readily  on  warming,  forming  red  solutions.    It  is  sparingly 
soluble  in  acetone  and. ether.    Solutions  in  dilute  acids  are  reddish-purple, 
and  in  cone,  sulfuric  acid  an  intense  purple.    After  dissolving  the  dye  in 
10%  hydrochloric  acid  the  hydrochloride  deposits  on  rubbing  as  deep 
brown,  microscopic  needles. 

Subs,  (air-dry),  0.4760:  loss,  0.0227  in  vacuo  at  80 °  over  HsSO* 

Calc.  for  CuHnOjN|.HiO:  HaO,  3.89.    Found:  4.77. 

Subs.,  anhydrous,  0.1109:  15.0  cc.  N  (24.0 °,  772  mm.). 

Calc.  for  C»HtiOtN6:  N,  15.72.    Found:  15.79. 

5-Hydroxy-8-phenylazo-dihydroquinine. — 5  g.  of  the  preceding  amino- 
azo  dye  were  treated  with  a  hot  mixture  of  25  cc  of  alcohol  and  25  cc.  of 
1  :  1  hydrochloric  acid  and  the  resulting  deep  purple  solution  heated  on 
the  water-bath.  The  mixture  rapidly  changed  to  a  dark  brown  and  set 
to  a  jelly  which  slowly  changed  to  long,  brown  needles  of  the  hydro- 
chloride of  the  hydroxyazo  dye.  After  15  minutes  the  mass  was  diluted 
with  water,  chilled,  and  treated  with  an  excess  of  ammonia,  yielding  a 
purple  mass  of  the  free  base.  After  filtering  and  washing  with  water, 
lLoc.cit. 
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the  dye  was  taken  up  in  hot  alcohol,  quickly  separating  as  brownish 
yellow,  microscopic  leaflets  in  a  yield  of  4 . 2  g.  On  dissolving  in  hot  water 
with  the  aid  of  dil.  sulfuric  acid,  filtering,  adding  an  equal  volume  of 
alcohol,  and  then  treating  hot  with  a  slight  excess  of  ammonia,  the  dye 
quickly  crystallized  as  lustrous,  orange-brown  platelets  which,  when 
rapidly  heated  to  140?  and  then  slowly,  gradually  sinter  together  and 
efifervesce  at  145-8  °.  When  air-dry  it  contains  one  molecule  of  water  of 
crystallization  which  requires  heating  at  100  °  in  vacuo  for  its  complete 
removal.  The  dye  is  readily  soluble  in  hot  benzene  and  chloroform,  less 
readily  in  hot  methyl  and  ethyl  alcohols,  and  very  sparingly  in  hot 
acetone,  forming  orange-red  solutions,  and  is  almost  insoluble  in  ether. 
It  dissolves  in  dil.  sulfuric  acid  with  an  orange-red  color,  and  in  the  cone, 
add  with  a  cherry-red  shade,  appearing  purple  in  thin  layers.  In  dil. 
hydrochloric  acid  it  forms  an  insoluble,  gelatinous  salt. 

Subs,  (air-dry),  0.2940:  loss,  0.0122  in  vacuo  at  ioo°  over  HtS04. 

Calc.  for  CmHmOiN^HsO:  HjO,  388.    Found:  4.15. 

Subs.,  anhydrous,  0.1296:  14.2  cc.  N  (25.5  °,  754  nun.). 

Calc.  for  CttHsoOiN4:  N,  12.55.    Found:  12.43. 

5-Amino-8-(/>-sulfophenylazo)-dihydroquinine. — A  solution  of  diazo- 
tized  sulfanilic  acid  was  rapidly  added  to  3 .4  g.  of  amino-dihydroquinine 
under  the  same  conditions  as  previously  given.  A  dark  red-brown, 
amorphous  precipitate  of  the  dye  formed  at  once,  and  was  filtered  off  and 
washed  with  water.  On  treating  with  hot  alcohol  it  dissolved  partially, 
but  almost  immediately  changed  to  orange,  microscopic  needles.  The 
yield  was  4  g.  after  washing  with  acetone.  On  recrystallizing  from  50% 
alcohol  it  formed  delicate,  minute,  orange  needles  containing  about  0.5 
molecule  of  water  of  crystallization.  In  working  with  large  quantities 
of  the  dye  it  was  found  more  convenient  to  dissolve  it  in  the  minimum 
amount  of  dil.  alkali,  add  an  equal  volume  of  alcohol,  warm,  and  reacidify 
with  an  equivalent  amount  of  acetic  acid.  The  air-dry  substance  darkens 
above  1800,  decomposes  at  about  245  °,  and  is  practically  insoluble  in  the 
usual  neutral  solvents.  In  dil.  mineral  acids  it  gives  a  deep  cherry-red 
solution,  appearing  purple  in  thin  layers,  and  when  not  too  dilute  sulfuric 
or  hydrochloric  acid  is  used  the  difficultly  soluble  salt  separates  as  a  dark- 
colored,  crystalline  powder.  In  cone,  sulfuric  acid  the  solution  is  bright 
red,  appearing  purple  in  thin  layers.  The  solution  in  50%  acetic  acid 
is  quickly  reduced  by  stannous  chloride  to  diamino-dihydroquinine,  which 
will  be  described  in  a  later  communication. 

Subs,  (air-dry),  0.5041 :  loss,  0.01 14  in  vacuo  at  80  °  over  H1SO4. 

Calc.  for  C»H«0»N|S.o.5HiO:  HaO,  1.68.    Found:  2.26. 

Subs,  (anhydrous),  0.1188:  13.4  cc.  N  (23.5 °,  772  mm.). 

Calc.  for  CmH«0»NiS:  N,  13.32.    Found:  13.18. 

5-Hydroxy-8-(/>-sulfophenylazo)-dihydroquinine.  —  Two  g.  of  the 
amino-azo  dye  were  treated  with  a  hot  mixture  of  20  cc.  of  alcohol  and  20 
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cc.  of  10%  hydrochloric  acid  and  boiled  on  the  water-bath.  The  solution 
almost  immediately  set  to  a  jelly  which  soon  began  to  change  to  the  crys- 
talline salt  of  the  new  dye.  After  5-10  minutes  the  mixture  was  made 
alkaline  with  dil.  sodium  hydroxide,  a  strong  odor  of  ammonia  being  at 
once  noticeable.  The  deep  purple  solution  was  treated  with  an  excess 
of  acetic  acid,  yielding  1.8  g.  of  glistening,  salmon-colored  needles  on 
diluting  and  rubbing.  Recrystallized  from  50%  alcohol  it  separated  as 
delicate,  lustrous,  scarlet  needles  containing  approximately  one  mole- 
cule of  water  of  crystallization.  The  dye  decomposes  at  275  °  with  pre- 
liminary darkening,  and  is  fairly  readily  soluble  in  hot  50%  alcohol  and 
methyl  alcohol,  sparingly  in  hot  water  and  hot  alcohol,  and  practically 
insoluble  in  the  usual  neutral  solvents.  With  dil.  hydrochloric  and  sul- 
furic acid  it  forms  brown-orange  salts  and  dissolves  in  cone,  sulfuric 
acid  with  a  deep  scarlet  color,  appearing  violet  in  thin  layers  and 
changing  to  orange  on  dilution  with  water.  In  alkali  the  color  is  purplish 
red. 

Subs,  (air-dry),  0.4260:  loss,  0.0164  in  vacuo  at  ioo°  over  H1SO4. 

Calc.  for  Ci6HM0«N«S.H<0:  HiO,  3.31.    Found:  3.85. 

Subs,  (anhydrous),  0.1358:  12.8  cc.  N  (24.5  °,  750  mm.). 

Calc.  for  CjiHwOeNtS:  N,  10.63.    Found:  10.67. 

5-Amino-8-(/>-methoxyphenylazo)-dihydroquinine.  —  Although  diazo- 
tized  £-anisidine  failed  to  yield  a  dye  in  dil.  acetic  acid  as  in  previous 
cases,  the  following  conditions  were  successfully  employed.  1 .  23  g.  of 
p-anisidine  in  15  cc.  of  2  N  hydrochloric  acid  were  diazotized  at  o°  with 
2  cc.  of  5  AT  sodium  nitrite.  3.4  g.  of  amino-dihydroquinine  in  ic  cc. 
of  N  acetic  acid  were  then  added  and  the  mixture  immediately  treated 
with  sufficient  saturated  sodium  acetate  solution  to  bind  the  free  hydro- 
chloric acid.  After  2  hours  the  mixture,  from  which  an  almost  black 
tar  had  separated,  was  diluted  with  enough  alcohol  to  form  a  homogeneous 
solution,  warmed,  and  made  alkaline  with  ammonia.  The  dye  grad- 
ually separated  on  rubbing,  and  after  filtering  and  washing  with  cold 
alcohol  the  yield  was  2.8  g.  Recrystallized  twice  from  95%  alcohol  it 
forms  red,  microscopic  needles  and  platelets  which  melt  slowly  at  150-30. 
It  dissolves  readily  with  an  orange-red  color  in  cold  chloroform,  on  boil- 
ing in  methyl  or  ethyl  alcohol,  acetone,  or  benzene,  and  but  sparingly  in 
ether.  In  strong  mineral  acid  it  gives  a  deep  violet-blue  color  which 
changes  to  brownish-red  on  dilution,  a  phenomenon  apparently  due  to 
hydrolysis  of  the  polyacid  salts  originally  formed.  In  cone,  sulfuric  acid 
the  color  is  deep  red,  appearing  violet  in  thin  layers.  As  in  the  case  of 
the  other  amino  cinchona  dyes,  the  deep  violet-blue  color  in  acid  changes 
to  a  purplish-red  on  boiling,  with  simultaneous  cleavage  of  ammonia. 

Subs.,  0.1440:  18.6  cc.  N  (25.0 °,  765  mm.). 
Calc.  for  CirHuOjN*:  N,  14.72.    Found:  14.00. 
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5-Amino^(^-ethoxyphenylazo)-dihydroqtiinine.  —  Under  the  condi- 
tions used  with  £-anisidine  1.75  g.  of  f-phenetidine  hydrochloride  also 
yielded  a  dark  brown  tar.  After  decanting  the  supernatant  liquid  the  dye 
was  dissolved  in  alcohol  and  treated  with  ammonia.  On  rubbing,  the 
base  crystallized  and  was  filtered  off  and  washed  with  85%  alcohol.  The 
yield  was  2.6  g.  RecrystalHzed  first  from  a  relatively  large  volume  of 
95%  alcohol,  then  by  dissolving  in  warm  chloroform  and  adding  a  little 
ligroin,  it  was  gradually  deposited  as  long,  thin,  narrow,  orange  platelets, 
often  grouped  in  rosets.  It  apparently  contains  solvent  of  crystalliza- 
tion which  is  slowly  lost  on  exposure  to  the  air  or  on  drying  in  vacuo  at 
ioo°.  The  dye  decomposes  at  202-3  °  with  preliminary  darkening,  and 
dissolves  readily  in  warm  chloroform,  much  less  easily  in  boiling  methyl 
and  ethyl  alcohols,  and  quite  sparingly  in  hot  benzene.  It  is  very  diffi- 
cultly soluble  in  acetone  and  ether  and  insoluble  in  water  and  ligroin. 
The  solution  in  dil.  mineral  acids  is  blue-violet,  changing  on  dilution  to 
a  dark  wine-red,  owing  to  hydrolysis  of  the  polyacid  salts.  Cone,  sulfuric 
acid  gives  a  deep  purple  color.  In  boiling  dilute  acids  it  also  yields  an 
hydroxyazo  dye,  which  was  not  studied.  For  analysis  the  substance 
was  heated  in  vacuo  at  80 °  over  sulfuric  acid. 

Subs.,  0.1224:  15.8  cc.  N  (22.0 °,  746  mm.). 
Calc.  for  CtsHuOsNb:  N,  14.30.    Found:  14.67. 

5-Amino-8-phenylazo-dlhydroquinidine. — This  substance  was  pre- 
pared exactly  as  was  the  isomeric  dihydroquinine  dye.  The  amorphous 
product,  taken  up  in  hot,  dry  acetone,  crystallized  on  cooling  and  rub- 
bing, the  mother  liquor  yielding  additional  amounts  on  dilution  with 
water  to  incipient  turbidity .  The  total  yield  was  2 . 7  g.  RecrystalHzed 
from  85%  alcohol  the  base  separates  as  rosets  of  orange-red  leaflets  when 
deposited  rapidly,  or  as  a  dark  red  crust  when  allowed  to  crystallize 
slowly.  The  air-dry  compound  contains  1 . 5  molecules  of  water  of  crys- 
tallization and  melts  and  intumesces  at  1350  with  preliminary  sintering. 
It  turns  dark  brown  on  dehydrating,  and  then  melts  to  a  tar  at  about 
140-50,  intumescing  at  about  1550.  It  is  readily  soluble  in  absolute 
alcohol,  chloroform,  warm  benzene,  and  warm  acetone,  forming  deep 
red  solutions.  The  dye  dissolves  in  io%  hydrochloric  acid  with  a  deep 
purplish-red  color,  the  hydrochloride  separating  on  rubbing  as  brown, 
hair-like  needles  with  a  greenish  luster.  The  solution  in  cone,  sulfuric 
acid  is  an  intense  violet. 

Subs,  (air-dry),  0.4887:  loss,  0.0276  in  vacuo  at  8o°  over  HjSO*. 

Calc.  for  C»H«OjN».i.5HaO:  HsO,  572.     Found:  5.65. 

Subs,  (anhydrous),  0.1232:  16.6  cc.  N  (23.5 °,  771  mm.). 

Calc.  for  C*HiiOaN*:  N,  15.73.     Found:  15.74. 

5-Amino-8-phenylazo-ethyldihydrocupreine. — Treated  as  in  the  case 
of  amino-dihydroquinine,     3.55  g.  of  amino-optochin1  yielded  3  g.  of  the 
1  This  Journal,  421  i486  (1920). 
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aminoazo  dye.  The  base  separates  from  95%  alcohol  as  red,  glistening 
needles  containing  one  molecule  of  water  of  crystallization.  It  starts 
to  sinter  at  1450  and  shrinks  together  and  melts  at  150-50.  It  is  sparingly 
soluble  in  cold  methyl  and  ethyl  alcohols,  benzene,  and  chloroform,  but 
readily  on  warming,  forming  deep  reddish-orange  solutions.  It  is  diffi- 
cultly soluble  in  acetone  and  very  sparingly  in  ether.  The  solutions  in 
dilute  acids  are  deep  reddish-purple  in  color  and  purple  in  cone,  sulfuric 
acid. 

Subs,  (air-dry),  04098:  loss,  0.0155  **  vacuo  at  ioo°  over  HtSO* 

Calc.  for  Cs7HtsOtNi.HsO:  HjO,  3.77.    Found:  378. 

Subs,  (anhydrous),  0.1333:  17.25  cc.  N  (21.50,  768  mm.). 

Calc.  for  CsrHaOfNt:  N,  15.23.    Found:  15.17. 

5-Hydroxy-8-phenylazo-ethyldihydrocupreine. — The  deep  purple  solu- 
tion in  hot  aqueous-alcoholic  hydrochloric  acid  rapidly  changed  to  deep  red. 
On  dilution  with  alcohol,  adding  ammonia,  and  finally  water  until  turbid, 
the  crystalline  base  was  readily  obtained.  Recrystallized  twice  from 
85%  alcohol  the  dye  forms  lustrous,  red  needles  containing  3 . 5  molecules 
of  water  of  crystallization.  It  starts  to  sinter  at  85  °,  shrinks  together  and 
melts  at  90. 50,  and  is  soluble  in  alcohol,  acetone,  ether,  and  hot  benzene, 
forming  red  solutions.  It  dissolves  in  10%  sulfuric  acid  with  a  deep 
brown-red  color,  and  in  the  cone,  acid  with  a  deep  purple  color.  The 
anhydrous  dye  softens  above  ioo°f  sinters  to  a  tar  at  1 10-20°,  and  melts 
completely,  with  decomposition,  at  about  2000. 

Subs,  (air-dry),  0.6035:  loss,  0.0715  in  vacuo  at  80  °  over  HjS04- 

Calc.  for  Ci7HuOjN4.35HiO:  HjO,  12.03.    Found:  11.84. 

Subs,  (anhydrous),  0.1181:  12.6  cc.  N  (26.5  °,  761  mm.). 

Calc.  for  CirlfoOsNi:  N,  12.17.    Found:  12.18. 

n. 

5-Amino-8-phenylazoquinoline. — 5-Aminoquinoline  was  coupled  with 
diazotized  aniline  and  the  base  isolated  as  in  the  case  of  the  cinchona 
derivatives.  The  dye  separates  from  50%  alcohol  as  arborescent  masses 
of  garnet-colored  leaflets  which  melt  at  209-1 1  °.  It  is  soluble  in  alcohol, 
acetone,  chloroform,  hot  benzene,  and  less  readily  in  ether.  Its  solution 
in  dilute  acid  is  deep  red,  appearing  purple  in  thin  layers  and  changing 
to  orange  on  dilution.    In  cone,  sulfuric  acid  the  color  is  deep  red. 

Subs.,  0.1224:  23.8  cc.  N  (22.5  °,  767  mm.). 

Calc.  for  CuHuN4:  N,  22.57.    Found:  22.68. 

On  reduction  with  ammonium  sulfide  the  analogous  f-sulfophenyl-5- 
aminoquinoline,  which  was  similarly  prepared,  yields  5,8-diaminoquino- 
line,  melting  at  161-30  .and  corresponding  in  its  properties  with  those 
described  by  Claus  and  Kramer,1  who  give  the  uncorrected  melting  point 
of  1560. 

5-Hdroxyy-8-phenylazoquinoline. — The  aminoazo  dye  was  boiled 
1  Claus  and  Kramer,  Ber.,  18,  1247  (1885). 


Digitized  by 


Google 


DYES  FROM  CERTAIN  CINCHONA  ALKALOIDS.  2285 

with  100  parts  of  10%  hydrochloric  add,  a  portion  of  the  amino  hydro- 
chloride separating  at  once  The  color  of  the  deep  purplish-red  solution 
slowly  changed,  with  deposition  of  the  brown  hydrochloride  of  the  hy- 
droxyazo  dye.  About  one  hour  was  required  for  the  oomplete  disap- 
pearance of  the  purple  color.  The  collected  salt  was  suspended  in  50% 
alcohol  and  the  base  liberated  with  ammonia.  After  several  recrystalliza- 
tions  from  alcohol  the  dye  forms  slightly  purplish-red,  lustrous  needles, 
which  melt  at  164-50  with  preliminary  sintering.  It  is  easily  soluble  in 
chloroform,  fairly  readily  in  hot  alcohol,  benzene  and  acetone,  and  but 
sparingly  in  ether.  It  gives  a  scarlet  solution  in  cone,  sulfuric  acid,  ap- 
pearing purple  in  thin  layers  and  changing  to  orange  on  dilution. 

Subs.,  0.1191:  17.6  ec.  N  (25.0 °,  758  mm.). 
Calc.  for  CuHnON,:  N,  16.86.    Found:  16.88. 

5-Amino-6-methoxyquinoline. — The  5-nitro-6-methoxyquinolinel  used 
for  this  preparation  was  easily  obtained  in  excellent  yield  by  nitrating 
6-methoxyquinoline  with  fuming  nitric  acid  at  o°. 

28  g.  of  the  nitro  compound  were  suspended  in  200  cc.  of  1  :  1  hydro- 
chloric acid,  treated  with  125  g.  of  stannous  chloride,  and  heated  on  the 
water-bath  for  one  hour.  A  dear,  deep  red  solution  was  soon  obtained, 
and  the  free  base  was  finally  precipitated  with  excess  alkali  as  a  yellow 
oil  which  crystallized  on  cooling.  Extraction  of  the  mother  liquor  with 
ether  yielded  an  additional  quantity,  the  total  amounting  to  90%  of 
that  theoretically  possible.  Recrystallized  first  from  benzene  and  then 
from  ligroin,  it  forms  yellow,  arborescent  platelets  and  needles  which 
melt  at  154-60  (corr.)  with  slight  preliminary  sintering.  It  has  a  faint 
odor,  resembling  that  of  anise,  and  dissolves  readily  in  alcohol,  acetone, 
chloroform,  and  hot  benzene,  but  less  easily  in  ether.  Its  solution  in 
dilute  acid  is  reddish-orange. 

Subs.,  0.1393:  19.2  cc.  N  (22.5  °,  765  mm.). 
Calc.  for  CitHnONj:  N,  16.08.    Found:  16.02. 

5-Amino-6-methoxy-8-phenylazoquinoline. — Obtained  in  the  usual 
way,  the  crude  dye  was  precipitated  by  ammonia  as  red,  amorphous 
flocks  which  soon  crystallized  on  dissolving  in  a  small  volume  of  acetone. 
It  separates  slowly  and  incompletely  from  85%  alcohol  as  thin,  deep  red 
rods  which  exhibit  a  green  reflex  when  dry,  and  melt  at  163-40.  It  dis- 
solves, especially  on  warming,  in  the  usual  solvents,  forming  deep  orange- 
red  solutions.  In  dilute  acids  the  color  is  purplish-red,  and  in  cone,  sul- 
furic acid  a  deep  purple. 

Subs.,  0.1062:  18.6  cc.  N  (25 .o°,  758  mm.). 

Calc.  for  CuHmONi:  N,  20.12.    Pound:  20.02. 

5-Hydroxy-6-methoxy-8-phenylazoquinoline. — On  treating  the  amino- 
azo  dye  with  30  parts  of  a  mixture  of  equal  amounts  of  alcohol  and  1  :  1 
1  Decker  and  Engler,  Ber.,  42,  1739  (1909). 
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hydrochloric  acid  a  deep  purple  mass  of  the  salt  separated  and  gradually 
dissolved  when  heated  on  the  water-bath,  the  color  of  the  solution  chang- 
ing to  red,  with  subsequent  deposition  of  the  brown  salt  of  the  hydroxy 
dye.  This  was  converted  into  the  base  as  usual,  and  this  recrystallized 
from  alcohol,  forming  broad,  scarlet,  often  curved  needles  which  melt 
at  1 8 1-3  °.  It  is  readily  soluble  in  chloroform  and  in  the  other  usual 
solvents  on  warming.  It  is  but  sparingly  soluble  in  cold  dilute  mineral 
acids,  and  on  boiling  forms  deep  red-orange  solutions.  The  color  in  cone, 
sulfuric  acid  is  wine-red,  appearing  purple  in  thin  layers. 

Subs.,  0.1133:  15.0  cc.  N  (24.5  °,  759  mm.). 
Calc.  for  CiiHuOjNi:  N,  15.04.    Found:  15.16. 

Summary. 
It  is  shown  that  5-amino-dihydroquinine  couples  readily  with  diazotized 
aromatic  amines  to  form  crystalline  azo  dyes  in  which  the  amino  group 
is  remarkably  labile,  boiling  for  a  few  minutes  with  dil.  mineral  acid  being 
sufficient  to  replace  the  amino  group  by  the  hydroxyl  group,  with  elimina- 
tion of  ammonia.  The  resulting  hydroxyazo  dyes  are  also  easily  crystal- 
lizable  substances.  Similar  results  were  obtained  using  5-amino-dihydro- 
quinidine  and  5-amino-ethyldihydrocupreine  (amino-optochin)  as  coup- 
lers. Since  it  was  of  interest  to  determine  whether  the  observed  phenomena 
were  a  function  of  the  quinoline  portion  of  the  cinchona  structure,  parallel 
experiments  were  run  with  5-aminoquinoline  and  5-amino-6-methoxy- 
quinoline.  Both  of  these  bases  coupled  as  did  the  amino  alkaloids,  and 
the  amino  group  of  the  resulting  dyes  was  also  readily  eliminated  and  re- 
placed by  hydroxyl,  the  lability  being  greater  in  the  case  of  the  methoxy 
derivatives. 

N8w  Yo»r,  N.  Y. 


[Contribution  prom  the  Chemistry  Department  op  the  Oklahoma  Agricultural 

Experiment  Station.] 

THE  CARBOHYDRATES  OP  THE  PECAN. 

By  W.  G.  Friedemann. 
Received  July  7,  1920. 

The  pecan  (Carya  olivaefortnis)  is  the  most  widely  distributed  and 
economic  important  nut-bearing  tree  in  Oklahoma.  Two  references 
were  found  in  the  literature  on  the  chemical  composition  of  the  pecan 
kernel.  Deiler  and  Fraps1  determined  the  characteristics  of  the  pecan 
oil  obtained  from  the  kernel.  A  study  of  the  proteins  of  pecans  has  been 
made  by  Dowell  and  Menaul.2  This  investigation  was  undertaken  to 
determine  the  carbohydrates  of  the  edible  portion  of  the  pecan. 

1  A.  C.  Deiler  and  G.  S.  Fraps,  Am.  Chem.  J.,  43, 90  (1910). 

1  C.  T.  Dowell  and  P.  L.  Menaul.  Unpublished  report.  Oklahoma  Agr.  Expt, 
Sta.    Also  K.  H.  Nollan,  /.  Biol.  Chem.,  21,  614(1915). 
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Experimental. 

A  proximate  analysis  of  the  pecan  kernels  gave  results  as  tabulated 
t>elow: 

%. 
Moisture 3 .75 

Ash x  .70 

Crude  protein 12 .27 

Crude  fiber 1 .71" 

Nitrogen-free  extract 10.81 

Ether  extract 69 .76 

•  Protein-free.  The  crude  fiber  uncorrected  was  1.90%.  Protein  in  crude  fiber 
was  10.19%.  • 

The  carbohydrates  were  determined  in  pecan  flour  obtained  from  the 
pecan  kernels  by  completely  removing  the  pecan  oil  by  extraction  with 
ether. 

Sugars,  pentoses,  pentosans  (araban),  methylpentosans1  and  crude  fiber 
were  determined  according  to  the  A.  O.  A.  C.  methods. 

No  precipitate  formed  when  the  5%  sodium  hydroxide  extract  of  pecan 
flour  was  diluted  with  an  equal  volume  of  alcohol;  therefore  xylan2  was 
absent. 

Araban  was  considered  present  as  other  pentosans  were  not  identified; 
a  gum  separated  when  the  combined  filtrates  from  the  crude  fiber 
determination  were  slightly  acidified  and  evaporated  to  a  volume  of 
several  cc.  at  room  temperature. 

Mannans3  were  not  identified  as  no  precipitate  formed  when  the  3% 
sodium  hydroxide  extract  of  the  sugar-free  flour  was  heated  on  the  water- 
bath  with  Fehling's  solution. 

Amyloid  was  identified  by  the  blue  coloration  with  iodine  when  added 
to  the  hot-water  extract  obtained  according  to  Winterstein's4  method. 
The  amyloid  was  calculated  from  the  mucic  acid  obtained  by  the  A.  O. 
A.  C.  method  for  galactan. 

Starch  was  absent,  as  no  blue  color  was  noticed  when  an  iodine  solution 
was  added  to  the  flour.  Also  no  more  reducing  sugars  were  found  than 
were  accountable  from  the  pentosans  when  the  sugar-free  flour  was  sub- 
jected to  the  diastase  method6  for  the  determination  of  starch. 

Tannins  (a  constituent  of  the  nitrogen-free  extract)  were  shown  to  be 
present  by  the  bitter  taste  and  the  characteristic  tests  of  the  water  extract 
of  pecan  flour.    The  difference  between  the  combustible  water-soluble 
solids  and  total  sugars  was  considered  as  tannins.     Only  the  thin,  hard 
brown  outer  coating  of  the  kernel  was  colored  blue  by  neutral  ferric  chlo- 
1  C.  A.  Browne,  "Handbook  of  Sugar  Analysis,"  1912,  p.  456. 
*  Ibid.,  p.  553. 
1  Ibid.,  p.  594. 

4  Winterstein,  Ber.,  25,  1273  (1892). 
1  E.  Abderhalden.  "Biochemisches  Handlexikon,"  Vol.  II,  1911,  p.  126. 
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ride  solution  when  a  cross-section  was  examined  under  the  microscope, 
indicating  tannins. 

The  hemicellulose,  calculated  by  difference,  was  considered  a  dextran, 
as  no  other  sugar  than  dextrose  was  formed  when  it  was  subjected  to  the 
action  of  dilute  alkalies  and  acids.  This  dextran  was  also  proven  to  be 
present  by  subtracting  the  carbohydrates  identified  from  the  total  car- 
bohydrates found  in  the  combined  filtrates  from  the  crude  fiber  deter- 
mination. 

The  percentage  composition  is  as  follows: 

Total  carbohydrate*.  Pecan  kernel.* 

Sucrose 9 .03  •  1 .  18 

Invert  sugars 21 .90  2 .88 

Pentoses 

Araban < 14 .82  1 .95 

Xylan 

Methylpentosans 1 .68  o  .22 

Cellulose  (crude  fiber) 14 .29  1 .76 

Mannans .... 

Amyloid 4 .54  o  .59 

Starch 

Tannins 2.57*  0.33* 

Hemicellulose  (dextran),  etc.* 31.17  4 .09 

100.00  13.00 

•  Moisture-free  basis. 

*  By  difference  in  the  nitrogen-free  extract  plus  crude  fiber. 

e  Same  result  by  Proctor's  modification  of  Lowenthal's  method. 
Still watbr,  Oklahoma. 


[Contribution  prom  the  Department  op  Chemistry,  Yaljj  University.] 

THE   CONDENSATION    OF   FORMALDEHYDE   WITH   ORTHO- 

NITROPHENOL.1 

By  Jacob  B.  Fishman. 

Received  July  9,  192a 

During  the  last  2  years  the  attention  of  pharmacologists  has  been 
directed  to  benzyl  alcohol  as  a  local  anesthetic.  The  pharmacological 
action  of  this  alcohol  was  first  investigated  by  Macht*  in  19 18.  He 
found  it  to  be  a  powerful  local  anesthetic  of  very  low  toxicity  as  com- 
pared with  cocaine  and  its  substitutes.  While  it  has  been  found  to  be 
active  on  mucous  membranes  as  well  as  in  subcutaneous  injection,  never- 
theless the  compound  possesses  several  objectionable  properties  which 
prevent  its  wide  application.    Not  only  does  it  undergo  slow  oxidation. 

1  Constructed  from  a  dissertation  presented  to  the  Faculty  of  the  Graduate  School 
of  Yale  University  in  candidacy  for  the  degree  of  Doctor  of  Philosophy,  June  1920 
(T.  B.  Johnson). 

*  Macht,  J.  Pharmacol.,  13,  263  (1918);  14,  323  (1919). 
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in  solution,1  but  it  is  only  sparingly  soluble  in  water  and  its  application 
produces  smarting.  Furthermore,  its  activity  has  a  shorter  duration 
than  that  of  cocaine. 

Hirschfelder,  Lundhorn  and  Norrgaard'  have  recently  reported  that 
certain  phenolic  derivatives  of  benzyl  alcohol  possess  marked  anesthetic 
properties  and  among  the  compounds  studied  by  them  were  saligenin 
(I),  methyl  saligenin  (II),  ethyl  saligenin  (III)  and  homosaligenin  (IV). 

Oh  Cw  O,  ch0.h 

CH,OH  CH,OH  CHiOH  CHiOH 

a).  a«.  an).  (no. 

Of  these  different  alcohols  saligenin  I  was  reported  as  the  most  active. 

These  very  desirable  properties  of  benzyl  alcohol  and  its  derivatives 
served  as  an  incentive  to  search  further  in  this  field  for  new  combinations 
of  pharmacological  interest.  Theoretically  a  combination  of  the  greatest 
interest  would  be  that  having  the  constitution  of  3,4-dihydroxy-benzyl 
alcohol  on  account  of  its  dose  relationship  to  adrenaline.  Here  we  have  a 
constitution  favorable  for  both  anesthetic  and  vasoconstrictor  action  or, 
in  other  words,  a  drug  which  might  be  expected  to  exhibit  the  combined 
physiological  effects  of  benzyl  alcohol  and  catechol.*  The  purpose  of 
this  investigation  was  to  develop  the  synthetical  aspects  of  this  work. 
The  condensation  reaction  which  we  describe  in  this  paper  should  be  of 
especial  interest  as  affording  a  convenient  method  of  preparing  new 
benzyl  alcohol  combinations  whose  study  may  contribute  still  further 
data  of  pharmacological  interest. 

The  condensation  of  formaldehyde  with  o-nitrophenol  is  productive  of 
combinations  which  have  hitherto  received  very  little  attention.  Stoermer 
and  Behn4  first  investigated  the  mutual  reactivity  of  these  2  reagents 
and  found  that  they  interacted  in  the  presence  of  hydrochloric  acid  with 
production  of  3-nitro-4-hydroxy-benzyl  alcohol  (V).  Their  yield  of  this 
compound  was,  however,  very  small,  and  the  reaction  was  always  pro- 
ductive of  a  large  amount  of  other  material.  Stoermer  and  Behn  sep- 
arated their  alcohol,  melting  at  97  °,  by  repeated  crystallization  from  hot 
water,  and  write  that  many  times  they  obtained  as  reaction  product 
material  from  which  they  could  not  isolate  the  benzyl-alcohol  derivative. 
The  structure  of  their  alcohol  was  established  by  the  fact  that  it  gives  a 
methyl  ether  (VI),  which,  on  oxidation,  is  easily  converted  into  nitro- 
anisic  acid  (VII).6 

1  Hjort  and  Eagan,  /.  Pharmacol.,  X4,  211  (1919)* 

1  Hirschfelder,  Lundhorn  and  Norrgaard,  ibid.,  15,  261  (1920). 

1  Frankel,  "Die  Arzneimittel-Synthese,"  p.  428. 

4  Stoermer  and  Behn,  Ber.,  34,  2459  (1901). 

•  Cahours  and  Salkowski,  Ann.,  41,  71  (1842);  163,  6  (1872). 
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CH,OH  CH»OH  COOH 

(V).  (VI).  (VII). 

Another  method  for  the  preparation  of  this  same  alcohol  was  patented 
by  Bayer  and  Co.1  This  is  based  upon  the  observation  that  3-nitn>-4- 
hydroxy-benzyl  chloride  is  converted  into  the  corresponding  alcohol  by 
hydrolysis  with  boiling  water.  Their  method  of  synthesis  is  essentially 
an  application  of  Stoermer  and  Behn's  condensation  reaction  in  the  pres- 
ence of  very  strong  hydrochloric  acid  when  the  chloride  is  formed  instead 
of  its  alcohol.  Neither  Stoermer  and  Behn  nor  the  patentees  make  any 
references  in  their  publications  to  the  yields  of  pure  alcohol  obtained  or 
the  nature  of  the  different  by-products  formed  in  the  reaction. 

We  have  now  subjected  their  condensation  reaction  to  a  very  careful 
study  and  have  established  the  conditions  favorable  for  the  production 
of  a  maximum  yield  of  the  alcohol.  The  important  factors  governing 
the  course  of  the  reaction  are  concentration  of  hydrochloric  acid,  molecular 
proportion  of  formaldehyde  and  the  time  of  heating.  A  full  report  of 
this  phase  of  our  research  is  given  in  the  experimental  part  of  this  paper. 

We  now  find  that  formaldehyde  interacts  with  0-nitrophenol  to  form  2 
isomeric  alcohols,  namely:  The  compound  first  identified  by  Stoermer 
and  Behn,  3-nitro-4-hydroxy-benzyl  alcohol  (V),  melting  at  97  °  and  a 
hitherto  unknown  isomeric  compound  having  the  structure  of  3-nitro- 
2-hydroxy-benzyl  alcohol  (X).  The  latter  melts  at  75 °.  In  other  words, 
formaldehyde  attacks  the  ^-nitrophenol  molecule  in  the  same  nuclear 
positions  as  carbon  tetrachloride  when  the  latter  reagent  condenses  with 
this  phenol.2  These  structural  relationships  are  expressed  by  the  following 
formulas: 


OH 


OH 


CCI4 


WO, 


OH 
HOOC/     Y^0* 


HCHO 


COOH  (VIII). 

OH  OH 

hci  \y 

CHiOH 

(V). 

The  structure  of  thfe  new  alcohol  represented  by  Formula  X  was  es- 
tablished by  the  fact  that  it  underwent  oxidation  with  potassium  per- 
manganate giving  nitro-salicylic  add  (VIII),  the  same  as  that  obtained 

1  Bayer  and  Co.,  D.  R.  P.  136,680  (1902);  D.  R.  P.  132,475  (1902). 
1  Hasse,  Ber,t  xo,  2187  (1877). 
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by  Deninger1  by  direct  nitration  of  salicylic  acid.  By  alkylation  with 
methyl  iodide  in  alkaline  solution,  the  alcohol  X  is  converted  smoothly 
into  its  corresponding  methyl  ether  XI.  When  this  compound  was  sub- 
jected to  oxidation  with  potassium  permanganate  the  primary  alcohol 
group  was  destroyed  and  the  corresponding  add  XII,  melting  at  191  °, 
was  formed. 

(N02)*(OCH3)f.C«H3.CH2OH  _2^  (NOaWOCHj^QHs.COOH. 

(XI).  (XII). 

An  aromatic  acid  having  this  same  constitution  has  already  been  de- 
scribed by  Keller.*  He  investigated  the  action  of  dimethyl  sulfate  on  the 
potassium  salt  of  nitrosalicylic  acid,  and  states  that  the  reaction  is  pro- 
ductive of  3  compounds  melting  at  no°,  1250  and  2200,  respectively. 
The  substance  melting  at  220  °  was  formed  in  very  small  amount  and  was 
not  further  investigated.  Since  his  analyses  and  melting-points  excluded 
from  consideration  the  methyl  ester  of  nitrosalicylic  acid  (XIV)  and  its 
corresponding  methyl  ether  (XIII),  Keller  concluded  that  both  of  his 
compounds  melting  at  no°  and  125  °,  respectively,  must  be  methyl 
ethers  of  nitrosalicylic  acid,  corresponding  to  Formula  XII.  .  Obviously 
2  ethers  of  this  constitution  are  not  possible.  Furthermore,  Keller  states 
that  his  compound  melting  at  1250  was  unstable  and  was  decomposed  by 
heating  in  aqueous  solution  giving  nitrosalicylic  acid.  It  seems  evident 
from  Keller's  description  of  his  reaction  products  that  he  was  dealing 
with  a  mixture  of  2  or  more  compounds  and  did  not  succeed  in  isolating 
pure  3-nitro-2-methoxy-benzoic  acid  (XII).. 

OCH,  OH  OCH, 

CH,oocfNNO,  ch,oog//Nno2  hooC(//\no2 


v 


(XIII).  (XIV).  (XII). 

Experimental  Part. 
The  Preparation  of  o-Nitrophenol. — All  of  the  reagent  used  in  this 
research  was  prepared  by  direct  nitration  of  phenol  according  to  the 
method  outlined  by  Hart.8  Operating  with  a  unit  of  phenol  corresponding 
to  1000  g.,  the  following  proportions  of  necessary  reagents  were  used  to 
accomplish  the  reaction.  1600  g.  of  sodium  nitrate,  2000  g.  of  oonc. 
sulfuric  acid,  4000  g.  of  water  and  100  g.  of  95%  alcohol.  The  method 
of  operating  was  as  follows:  The  sulfuric  acid  was  added  slowly  with 
stirring  and  cooling  to  the  aqueous  solution  of  the  sodium  nitrate  and 
into  this  acid  mixture,  which  was  kept  at  room  temperature,  the  alcoholic 
solution  of  the  phenol  was  dropped  in  slowly  with  constant  and  vigorous 

1  Deninger,  /.  prakt.  Chem.,  [2)42,  551  (1890). 

f  Keller,  Arch.  Pharm.,  246,  1  (1908). 

•  Hart,  This  Journal,  32,  1105  (1910), 
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stirring.  After  4  hours  the  reaction  mixture  was  poured  into  twice  its 
volume  of  ice  water,  when  the  crude  phenol  separated  and  was  purified 
by  steam  distillation.  Our  best  yield  was  equivalent  to  5 1  %  of  the  weight 
of  phenol  used  for  nitration. 

The  Interaction  of  Formaldehyde  with  o-Nitrophenol.  3-Nitro- 
4-hydroxy-benzyl  Alcohol,  (NOa)8.(OH)4.CeH,.CH2OH.— In  order  to 
obtain  this  aromatic  alcohol  the  method  described  by  Stoenner  and  Behn 
was  first  employed.  Fifty  g.  of  0-nitrophenol  mixed  with  125  g.  of  formal- 
dehyde solution  (39%)  and  250  g,  of  hydrochloric  acid  (35.4%)  were 
digested  on  a  sand-bath  for  6  hours.  The  reaction  mixture  was  then  cooled, 
the  supernatent  liquor  poured  off  and  the  residual  oily  product  distilled 
with  steam  to  remove  unchanged  nitrophenol.  The  recovered  0-nitro- 
phenol  weighed  12  g.  The  undistilled  oily  residue,  which  solidified  on 
cooling,  was  filtered  off,  and  after  drying  weighed  32  g.  In  order  to 
purify  this  material  it  was  extracted  with  boiling  water  until  no  more 
oil  dissolved,  and  the  aqueous  solution  allowed  to  cool,  when  golden- 
yellow  crystals  were  obtained.  These  were  further  purified  by  crystal- 
lizing them  several  times  from  hot  water,  when  pure  prismatic  crystals 
of  3-nitro-4-hydroxy-benzyl  alcohol  melting  at  97  °  were  obtained.  Upon 
concentrating  the  aqueous  filtrates,  crystalline  material  varying  in  ap- 
pearance and  of  indefinite  melting-point  was  always  obtained,  but  it  was 
extremely  difficult  to  purify  it  by  crystallization.  The  material  insoluble 
in  water  was  amorphous  and  constituted  more  than  l/%  of  the  weight  of 
crude  reaction  product. 

From  the  results  of  this  preliminary  experiment  it  was  very  apparent 
that  the  reaction  was  incomplete  under  the  conditions  employed,  since 
unchanged  nitrophenol  was  recovered,  and  furthermore,  other  products 
besides  the  desired  alcohol  were  also  formed  by  condensation  with  formal- 
dehyde. In  fact,  the  reaction  was  more  complicated  than  we  anticipated. 
In  order  to  gain  a  better  knowledge  of  the  changes  involved  our  work 
resolved  itself  into  2  definite  phases:  first,  the  investigation  of  the  best 
conditions  for  controlling  the  reaction;  and  second,  the  purification  and 
identification  of  the  different  products  formed. 

In  order  to  determine  the  best  conditions  for  bringing  about  a  more 
complete  condensation  between  the  0-nitrophenol  and  formaldehyde, 
several  series  of  experiments  were  conducted  in  each  of  which  the  effect 
of  varying  one  of  the  following  factors  was  studied,  viz.,  molecular  con- 
centration of  hydrochloric  acid,  quantity  of  formaldehyde,  length  of  time 
of  heating,  and  use  of  condensing  agents  other  than  hydrochloric  acid. 
It  was  found  that  the  quantity  of  0-nitrophenol,  which  will  interact  with 
formaldehyde,  varies  according  to  the  proportions  of  hydrochloric  acid 
used  as  condensing  agent,  the  yield  of  condensation  product  is  increased 
and  the  quantity  of  unaltered  nitrophenol  is  reduced  by  using  a  liberal 
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excess  of  hydrochloric  acid.  When  using  125  g.  of  formaldehyde  the  maxi- 
mum yield  of  alcohol  was  obtained  by  condensing  50  g.  of  nitrophenol 
with  the  formaldehyde  in  the  presence  of  275  g.  of  cone,  hydrochloric 
acid.  Dilution  of  the  hydrochloric  acid  leads  to  a  poorer  yield  of  the 
condensation  product  and  consequently  to  an  increase  in  the  amount  of 
nitrophenol  which  can  be  recovered. 

The  condensation  of  formaldehyde  with  0-nitrophenol  is  a  change  of 
slow  velocity,  and  an  extension  of  the  time  of  digestion  in  presence  of 
hydrochloric  acid  is  productive  of  increased  yields  of  reaction  products. 
The  yield  of  crude  condensation  product  is  not,  however,  any  criterion 
of  the  success  of  the  reaction.  Three  hours  appears  to  be  the  most  favor- 
able time  for  heating  in  order  to  obtain  the  maximum  yield  of  the  benzyl 
alcohol.  While  much  unaltered  0-nitrophenol  is  recovered  under  these 
conditions,  on  the  other  hand,  the  condensation  product  is  much  purer. 
Longer  time  of  digestion  leads  to  the  formation  of  increased  quantities 
of  secondary  products  which  are  difficult  to  separate. 

Stoermer  and  Behn1  recommend  using  125  g.  of  formaldehyde  for  con- 
densation with  50  g.  of  ©-nitrophenol.  This  is  an  excess  of  350%  over 
the  theoretical  quantity  and  much  more  than  is  necessary.  Fifty  g. 
of  formaldehyde  is  sufficient  to  produce  almost  as  good  a  yield  of  the  alco- 
hol. Several  experiments  were  conducted  in  order  to  ascertain  the  best 
proportions  of  this  reagent  to  be  used,  and  also  the  effect  of  changing  the 
time  of  digestion  when  different  quantities  of  the  aldehyde  were  taken. 
It  was  found  that  an  increase  in  the  proportion  of  formaldehyde  was 
favorable  for  the  formation  of  secondary  reaction  products.  The  best 
yields  of  nitrobenzyl  alcohol  are  obtained  by  using  60  g.  of  formaldehyde 
and  100  g.  of  o-nitrophenol  and  digesting  with  500  g.  of  cone,  hydrochloric 
acid  for  about  6  hours.  The  yield  of  crystallized  alcohol  under  these 
conditions  is  about  50%  of  the  calculated  quantity.  For  example,  a 
representative  experiment  gave  94  g.  of  total  reaction  product  which 
yielded  54  g.  of  unaltered  nitrophenol  and  40  g.  of  crude  condensation 
product.  From  the  latter  were  isolated  24  g.  of  crystalline  alcohol.  No 
advantage  is  gained  by  extending  the  time  of  heating  beyond  6  hours 
and  almost  as  good  yields  of  alcohol  are  obtained  after  4  or  5  hours'  diges- 
tion. In  other  words,  one  molecular  proportion  of  formaldehyde  can 
satisfy  theoretically  only  one  position  i$  the  0-nitrophenol  nucleus,  and 
the  use  of  larger  quantities  leads  to  the  formation  of  secondary  products 
which  contaminate  the  nitrobenzyl  alcohol  formed. 

We  also  investigated  the  effect  of  different  condensation  agents  on  the 
course  of  the  reaction.  Several  experiments  were  conducted  in  which 
sulfuric  acid,  dil.  sodium  carbonate  solution,  phosphoric  acid  and  mag- 

lLoc.cit. 
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nesium  chloride  were  each  substituted  for  hydrochloric  acid,  but  the  results 
obtained  were  entirely  unsatisfactory. 

The  following  conclusions  may  be  drawn  from  the  results  of  our  experi- 
ments: (i)  a  high  concentration  of  hydrochloric  acid  is  essential  for 
maximum  condensation  of  formaldehyde  with  0-nitrophenol ;  (2)  in 
order  to  avoid  side  reactions  leading  to  secondary  products  and  to  obtain 
the  maximum  yield  of  alcohol  it  is  not  advisable  to  use  more  than  a  theo- 
retical quantity  of  formaldehyde  for  condensation;  (3)  working  with 
molecular  proportions  of  formaldehyde  it  is  not  advisable  to  continue 
the  heating  for  a  longer  period  than  6  hours  in  order  to  obtain  a  maximum 
yield  of  alcohol.  This  time  should  be  reduced  if  an  excess  of  formaldehyde 
is  used  in  order  to  avoid  formation  of  by-products. 

The  Separation  of  3-Nitro-4-hydroxy-benzyl  Alcohol  from  3-Nitro- 
2-hydroxy-benzyl  Alcohol. — Application  of  a  formaldehyde  0-nitro- 
phenol  condensation  with  200  g.  of  formaldehyde  solution  (40%),  300 
g.  of  o-nitrophenol  and  1500  g.  of  cone,  hydrochloric  acid,  by  digestion  for 
6  hours  is  productive  of  144  g.  of  unchanged  0-nitrophenol  and  63  g.  of 
crystalline  material-  containing  the  2  isomeric  benzyl  alcohols.  The 
remainder  of  the  reaction  product  is  an  amorphous  substance  insoluble 
in  hot  water  and  not  distillable  with  steam. 

The  yellow  crystalline  material  (63  g.)  was  a  mixture  of  2  alcohols. 
Two  distinct  crystalline  forms  were  apparent  by  examination  under  a 
microscope  and  the  material  melted  at  about  80 °.  Repeated  fractional 
crystallizations  from  hot  water  enables  one  to  isolate,  in  a  pure  condition, 
Stoermer  and  BehnV  3-nitro-4-hydroxy-benzyl  alcohol  melting  at  97  °, 
but  the  yield  is  poor,  and  on  concentrating  the  aqueous  filtrates  a  crystal- 
line product  is  obtained  which  cannot  be  purified  by  crystallization  from 
the  ordinary  solvents.  The  separation  of  the  2  alcohols  is,  however,  easily 
accomplished  by  digestion  of  the  mixture  in  ethyl  alcohol  with  potassium 
hydroxide.  Stoermer  and  Behn's  compound  melting  at  97  °  interacts 
with  formation  of  a  soluble  potassium  salt,  while  the  isomeric  alcohol  gives 
a  potassium  salt  which  is  insoluble  in  this  solvent.  Our  method  of  oper- 
ating was  as  follows. 

Fifty  g.  of  impure  crystalline  product  melting  at  about  80  °  was  dis- 
solved in  30  cc.  of  95%  alcohol,  and  18  g.  of  potassium  hydroxide  then 
dissolved  in  the  solution  by  warming  it  on  the  steam-bath.  A  red  pre- 
cipitate was  formed  at  once,  and  after  boiling  the  mixture  for  about  20 
minutes  it  was  then  cooled  and  the  solution  filtered  by  suction.  The 
precipitate  was  washed  with  a  little  alcohol  and  saved.  The  filtrate, 
which  contained  the  potassium  salt  of  3-nitro-4-hydroxy-benzyl  alcohol, 
was  heated  in  an  open  dish  to  remove  alcohol,  the  potassium  salt  then  dis- 
solved in  water  and  the  solution  acidified  with  hydrochloric  acid.  An 
1  Loc.  cit. 
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oil  separated  which  dissolved  in  boiling  water.  Upon  cooling  this  solu- 
tion, yellow  prisms  of  Stoermer  and  Behn's  alcohol  deposited,  which 
melted  sharply  at  97  °.  . 

The  potassium  salt  which  separated  from  the  alcohol  was  dissolved  in 
water  and  the  solution  acidified  with  hydrochloric  acid,  when  an  oil  sep- 
arated at  once.  This  dissolved  in  hot  water  and  on  cooling  separated 
in  the  form  of  yellow  needles.  This  substance  melted  at  75  °  and  was  not 
altered  by  further  crystallization  from  hot  water.  Apparently  it  was  a 
definite  substance  and  its  separation  from  Stoermer  and  Behn's  alcohol 
was  practically  quantitative.  From  50  g.  of  the  condensation  product 
about  35  g.  of  3-nitro-4-hydroxy-benzyl  alcohol  and  12  g.  of  the  isomeric 
compound  melting  at  75  °  was  obtained.  The  proportion  of  these  2 
compounds  formed  in  the  interaction  of  0-nitrophenol  with  formaldehyde 
is  thus  about  75%  of  the  alcohol  melting  at  97  °  and  25%  of  the  compound 
melting  at  75  °. 

3-Nitro-2-hydroxy-benzyl  Alcohol,  (NO0MOH)'.C«H,CH2OH  — This 
new  alcohol  formed  as  a  secondary  product  in  the  condensation  of  o- 
nitrophenol  with  formaldehyde,  crystallizes  in  the  form  of  yellow  needles 
melting  at  75  °.  It  is  easily  soluble  in  alcohol,  ether  and  benzene  and  more 
easily  soluble  in  cold  water  than  its  isomer,  3-nitro-4-hydroxy-benzyl 
alcohol.  It  forms  a  bright  red  potassium  salt  which  is  very  difficultly 
soluble  in  alcohol.  It  may  be  further  distinguished  from  its  isomer  by 
its  behavior  towards  cold  strong  sulfuric  acid.  This  acid  dissolves  it 
readily  with  a  deep  red  color,  while  its  isomer  is  only  sparingly  soluble. 
Calc.  for  C7H7O4N:  N,  8.28. 
Found:  8.09,  7.98  (Kjeldahl). 

In  order  to  establish  the  structure  of  this  compound  it  was  subjected 
to  oxidation  with  potassium  permanganate  in  alkaline  solution.  Five  g. 
of  the  alcohol  and  4  g.  of  potassium  hydroxide  were  dissolved  in  about 
100  cc.  of  water.  The  solution  was  then  heated  on  the  steam-bath  while 
5  g.  of  potassium  permanganate  was  added  in  small  portions,  while  the 
solution  was  shaken.  After  warming  the  mixture  for  about  one  hour, 
the  manganese  dioxide  was  filtered  off  and  the  clear  red  filtrate  acidified 
with  hydrochloric  acid.  A  crystalline  substance  separated  immediately. 
This  was  filtered  off  and  purified  by  crystallization  from  hot  water,  when 
small  yellow  needles  were  obtained  on  cooling.  This  substance  was  an 
acid  melting  at  144  °  and  was  characterized  by  its  easy  solubility  in  alcohol 
and  in  boiling  water  and  its  property  of  forming  red  colored  salts  with 
alkalies.  It  also  interacted  to  give  a  blood-red  coloration  with  ferric 
chloride.  Analysis,  the  melting  point  and  properties  of  the  compound 
established  its  identity  with  the  known  3-nitrosalicylic  acid,  which  has 
been  prepared  by  Deninger1  by  the  direct  nitration  of  salicylic  acid, 
1  Iqc.  eft. 
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Calc.  for  C7H»0|N:  N,  765.    Found:  7.61,  7.44. 
The   constitution   of   3-nitro-2-hydroxy-benzyl   alcohol   is,    therefore, 
definitely  established  by  its  behavior  on  oxidation  as  is  expressed  by  the 
following  reaction. 

OH  OH 

hoh,c/\no,  KMn°4    y       hooc/\no, 

3-Nitro-2-Methoxy-benzyl  Alcohol,  (N02)8(OCH,)*.C«H,.CH,OH.— 
Five  g.  of  3-nitro-2-hydroxy-benzyl  alcohol  was  alkylated  by  digestion 
in  30  cc.  of  60%  methyl  alcohol  with  1.5  g.  of  sodium  hydroxide  and  6  g. 
of  methyl  iodide.  To  complete  the  reaction  the  solution  was  heated 
on  the  water-bath  for  10  hours.  The  alcohol  was  then  distilled  and  the 
oily  reaction  product  extracted  with  ether.  The  ethereal  solution,  after 
having  been  washed  several  times  with  dil.  sodium  hydroxide  solution 
to  remove  any  unchanged  nitro-hydroxy-benzyl  alcohol,  was  dried  over 
sodium  sulfate  and  the  ether  removed  by  distillation,  when  the  above 
alcohol  was  obtained.  It  crystallized  from  a  mixture  of  petroleum  ether 
and  ordinary  ether  in  colorless  needles  melting  at  42  °.  The  alcohol  is 
sparingly  soluble  in  hot  water  but  extremely  soluble  in  ether,  benzene, 
alcohol,  chloroform  and  acetic  acid.  The  yield  of  the  methoxy  alcohol 
was  about  60%. 

Calc.  for  CaHiO^N:  N,  765.    Found:  7.64,  7.38. 

3-Nitro-2-methoxy-benzoic  Acid,  (NO*)s(OCH8)2.C«H,.COOH.— This 
acid  was  obtained  by  the  oxidation  of  the  nitro-alcohol  described  above. 
Potassium  permanganate  was  used  for  this  purpose  and  the  operation 
was  carried  out  in  a  manner  similar  to  that  used  in  the  oxidation  of  3- 
nitro-2-hydroxy-benzyl  alcohol.  The  corresponding  benzoic  acid  deriva- 
tive was  obtained  in  the  form  of  colorless  needles  which  were  easily  purified 
by  crystallization  from  alcohol,  and  melted  at  191-2°.  This  acid  is 
moderately  soluble  in  alcohol  but  difficultly  soluble  in  water. 
Calc.  for  CsHtOiN:  N,  7.11.     Found:  (Kjeldahl),  7.20,  7  00. 

Keller1  claims  to  have  obtained  an  acid  of  this  same  constitution  by  the 
alkylation  of  3-nitrosalicylic  acid.  He  assigned  a  melting-point  of  no° 
to  his  compound. 

Summary. 

1.  A  careful  study  has  been  made  of  the  conditions  governing  the 
formation  of  3-nitro-4-hydroxy-benzyl  alcohol  by  the  condensation  of 
0-nitrophenol  with  formaldehyde  in  aqueous  solution.  The  best  results 
are  obtained  by  applying  the  reaction-  in  the  presence  of  hydrochloric 
acid  as  a  catalyst. 

2.  It  has  been  found  that  formaldehyde  can  react  with  o-nitrophenol 
1  Keller,  Arch.  Pharm.,  246,  1-50  (1908). 
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to  form  3-nitro-2-hydroxy-benzyl  alcohol.    This  compound  has  been 
isolated  and  its  constitution  established. 

3.  The  methoxy  derivative  of  3-nitro-2-hydroxy-benzyl  alcohol  has 
been  prepared.  Oxidation  of  this  alcohol  leads  to  the  formation  of  3- 
nitro-2-methoxy-benzoic  acid.  This  is  a  new  method  of  synthesizing 
this  aromatic  acid  and  its  constitution  is  definitely,  established  by  the 
method  of  formation. 

Nbw  Havbn,  Conn. 


[Contribution  from  the  Department  op  Chemistry,  Yalb  University.] 

SOME  DERIVATIVES  OF  3-NITRO-4-HYDROXY-BENZYL 

ALCOHOL.1 

By  Jacob  B.  Fishman. 

Received  July  15,  1920. 

In  the  preceding  paper  the  writer  has  described  the  behavior  of  <?-nitro- 
phenol  when  heated  with  formaldehyde  in  the  presence  of  hydrochloric 
acid.  It  was  shown  that  this  reaction  is  productive  of  the  2  isomeric 
alcohols  (I)  and  (II),  which  result  theoretically  by  addition  of  the  alde- 
hyde to  the  nitrophenol  in  Positions  4  and  6  of  the  benzene  nucleus,  re- 
spectively. 

OH  OH 

/^JO,  HOH,Cf\NOa 

CH.OH 

(I).  (ID- 

The  isomer  presented  by  Formula  I  is  formed  in  the  larger  proportion  in 
this  reaction,  and,  since  it  accumulated  in  large  amount  as  a  result  of  our 
investigation,  it  seemed  of  especial  interest  to  utilize  the  material  for  the 
preparation  and  study  of  new  derivatives.  The  structure  of  the  com- 
pound is  favorable  not  only  for  the  synthesis  of  new  and  important  deriva- 
tives of  benzyl  alcohol  possessing  possible  therapeutic  interest,  but  also 
for  the  formation  by  oxidation  of  3-nitro-4-hydroxy-benzaldehyde  and 
the  corresponding  3-nitro-4-hydroxy-benzoic  acid  which  are  products 
of  pharmaceutical  and  biochemical  interest. 

Oxidation  of  the  alcohol  (I)  with  the  required  proportion  of  potassium 

permanganate  resulted  in  the  smooth  formation  of  the  corresponding 
1        3         4 

aldehyde,  C6H3(CHO)(N02)(OH),  which  has  already  been  described  by 
Paal.2  If  an  excess  of  permanganate  is  used  for  oxidation,  the  aldehyde 
is    converted    into    3-nitro-4-hydroxy-benzoic    acid     almost     quantita- 

1  Constructed  from  a  dissertation  presented  to  the  Faculty  of  the  Graduate  School 
of  Yale  University  in  candidacy  for  the  degree  of  Doctor  of  Philosophy,  June  1920. 
(T.  B.  Johnson). 

1  Paal,  Ber.,  28,  2413  (1895). 
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tively.1  This  behavior  on  oxidation  not  only  establishes  the  consti- 
tution of  the  alcohol,  but  the  reaction  is  also  one  of  commercial  interest, 
because  it  reveals  a  new  method  of  synthesizing  the  basic  intermediate 
required  for  the  preparation  of  the  local  anesthetic  methyl  3-amino-4~ 
hydroxy-benzoate  (Orthoform-New).2  The  complete  synthesis  of  this 
local  anesthetic  from  phenol  is  expressed  below. 

C6H5OH  E!S?  C6H5(N02)(OH)  HCH?  CtH«.(CH#H)(N(fc)(OH)  KMn?< 

13  4  13  4 

C«Ha(COOH)(N02)(OH)  J%.  C«H3(COOH)(NH2)(OH)  — ► 

1  3        4 

CeH8(COOCH«)(NHi)(OH)  (Orthoform-New). 

While  3-nitro-4-hydroxy-benzyl  alcohol  undergoes  oxidation  with 
formation  of  well-characterized  compounds,  it  does  not  exhibit  the  same 
stability  when  subjected  to  the  action  of  reducing  agents.  Attempts  to 
prepare  the  corresponding  hydroxy  amine  in  pure  condition  by  reduction 
were  unsuccessful.  By  protection  of  the  molecule,  however,  by  alkyla* 
tion  of  the  phenolic  hydroxyl  group,  Formulas  IV  and  V,  we  were  able 
to  obtain  easily  the  corresponding  ether  derivatives  of  this  amine.  The 
methyl  and  ethyl  derivatives  (V)  and  (VII)  were  prepared  for  our  re- 
search and  were  isolated  in  the  form  of  stable  crystalline  compounds. 
The  methyl  ether  of  3-nitro-4-hydroxy-benzyl  alcohol  (IV)  has  been  pre- 
pared previously  by  Stoermer  and  Behn*  and  Jacobs  and  Heidelberger.4 
OCH,  OCH,  OC,H,  OCtH* 

>  Qnh'        (jno«  - — >  Qnh* 

CH,OH  CH,OH  CH,OH  CHiOH 

(IV).  (V).  (VI).  (VII). 

Especially  interesting  was  the  behavior  of  these  2  amines,  (V)  and  (VII), 
towards  nitrous  acid  in  hydrochloric  acid  solution.  Diazotization  of 
these  amines  followed  by  warming  of  the  diazonium  salts  in  aqueous 
solution  was  not  productive  of  the  corresponding  phenols.  On  the  other 
hand,  the  diazonium  chlorides  were  found  to  be  stable  combinations 
which  did  not  decompose  below  1300  when  heated  in  capillary  tubes. 
These  salts  are  not  stable  on  exposure  to  light,  but  can  be  digested  in 
aqueous  solution  for  hours  without  destruction.  In  fact,  their  behavior 
is  exceptional  for  this  type  of  nitrogen  compounds.  We  are  apparently 
dealing  here  with  a  unique  case  in  which  an  alkyl  group  exerts  a  stabil- 
izing influence  on  the  diazonium  radical.    Tassily6  has  recently  called 

1  Derringer,  J.  prakt.  Chem.,  [2]  42,  $52  (1890). 

1  "New  and  Nonofficial  Remedies"  (1916)  p.  35;  D.  R.  P.  97,333,  97,334,  111,932; 
U.  S.  P.  610,348  and  625,158.     (Both  of  these  patents  have  expired  ) 

*  Stoermer  and  Behn,  Ber.,  34,  2459  (1901.) 

4  Jacobs  and  Heidelberger,  /.  Biol.  Chem.,  20,  676  (19 15.) 

*  Tassily,  Bull.  $oc.  chitn.,  1920,  p.  30. 
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attention  to  a  stability  of  the  same  order  in  the  case  of  the  diazonium 
salts  of  oriho-*  and  para-anisidine.  It  is  not  exceptional  to  find  such  a 
pronounced  stability  of  the  diazonium  radical  in  the  benzene  series,  but 
it  is  generally  revealed  in  those  cases  where  strongly  negative  groups  are 
substituted  in  the  benzene  nucleus.1  While  the  diazonium  group  in  these 
compounds  is  characterized  by  its  unusual  stability,  it  reacts  normally, 
however,  under  conditions  utilized  for  applying  a  Sandmeyer  reaction. 
For  example,  the  diazonium  salt  prepared  from  3-amino-4-methoxy- 
benzyl  alcohol  is  transformed  smoothly  into  3-cyano-4-methoxy-benzyl 
alcohol  by  warming  its  solution  with  cuprous  cyanide. 

Experimental  Part. 
The  Behavior  of  3-Nitro-4-hydroxy-benzyl  Alcohol  on  Oxidation  with 
Potassium  Permanganate. 
3-Nitro-4-hydroxy-benzaldehyde,  (NO,)8(OH)4.QH,.CHO.— This  alde- 
hyde is  easily  obtained  when  the  oxidation  of  the  alcohol  is  carried  out 
with  the  required  amount  of  potassium  permanganate.  Favorable  condi- 
tions for  oxidation  are  to  dissolve  5  g.  of  the  alcohol  and  a  molecular 
proportion  of  potassium  hydroxide  in  about  100  cc.  of  water  and  heat 
the  solution  to  90-1000.  While  hot,  3  g.  of  potassium  permanganate  is 
then  added  in  small  portions.  Oxidation  is  complete  after  15  minutes. 
The  precipitated  manganese  dioxide  is  then  filtered  off  and  the  solution 
acidified  with  hydrochloric  acid,  when  the  aldehyde  separates  in  crystal- 
line condition.  It  crystallized  from  hot  water  in  the  form  of  needles 
and  melted  at  142  °.  The  compound  corresponded  in  all  its  properties 
with  the  aldehyde  obtained  by  direct  nitration  of  />-hydroxy-benzalde- 
hyde.2 

Calc.  for  C7H»04N:  N,  8.38.     Found:  8.30. 

3-Nitro-4-hydroxy-benzoic  Acid,  (NO,)8(OH)4.C«H,.COOH.— This  acid 
is  obtained  in  excellent  yield  when  3-nitro-4-hydroxy-benzyl  alcohol  is 
subjected  to  oxidation  with  an  excess  of  potassium  permanganate.  Upon 
acidifying  the  alkaline  solution  with  hydrochloric  acid,  the  substance 
separated  in  the  form  of  colorless  prisms  melting  at  183-1840.  The 
acid  was  identical  with  that  formed  by  direct  nitration  of  />-hydroxy- 
benzoic  acid.8 

Calc.  for  C7HftO*N:  N,  7.65.    Found:  7.40. 

Behavior  of  3-Nitro-4-hydroxy-benzyl  Alcohol  on  Reduction. 

Several  attempts  were  made  to  reduce  the  compound  to  the  correspond- 
ing amine,  but  without  success.  According  to  a  patent  by  Bayer  and  Co.,4 
this  change  is  easily  brought  about  by  reducing  the  nitro-hydroxy-benzyl 

1  Knoevenagel,  Ber.,  28,  2053  (1895);  Hantzsch,  ibid.,  28,  680  (1895). 

*  Paal,  he.  cit. 

9  Deninger,  ibid. 

*D.R.  P.  148,977  (1901). 
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alcohol  with  zinc  dust  in  alcoholic  solution.  This  method  was  followed 
as  closely  as  possible,  but  instead  of  obtaining  a  crystalline  hydrochloride 
of  the  base,  a  resinous  product  insoluble  in  hydrochloric  acid  resulted; 
it  could  not  be  purified  further.  The  alcohol  was  also  subjected  to  re- 
duction with  stannous  chloride  and  hydrochloric  acid,  and  with  ferrous 
sulfate  and  ammonia,  but  in  no  case  did  we  succeed  in  isolating  a  definite 
crystalline  substance. 

3-Nitro-4-methoxy-benzyl  Alcohol,  (NO,)»(OCH,)4.C«H,.CH2OH.— 
This  methyl  ether  was  prepared  by  warming  10  g.  of  3-nitro-4-hydroxy- 
benzyl  alcohol  in  methyl  alcohol  solution  with  the  theoretical  amount  of 
potassium  hydroxide  and  10  g.  of  methyl  iodide.  After  the  reaction  was 
complete,  the  alcohol  was  removed  by  distillation,  the  reaction  product 
dissolved  in  ether  and  the  solution  washed  with  sodium  hydroxide  to 
remove  any  unchanged  alcohol;  After  evaporation  of  the  ether,  the  alkyl 
derivative  was  obtained  in  the  form  of  colorless  needles  which  crystal- 
lized from  hot  water  and  melted  at  69  °.  If  the  washing  with  sodium 
hydroxide  is  omitted,  yellow  instead  of  colorless  crystals  are  obtained. 
The  yield  of  methoxy  derivative  is  about  70%. 

This  same  methoxy  compound  has  been  prepared  by  Stoermer  and 
Behn.1  They  described  it  as  yellow  needles  melting  at  69 °.  Jacobs 
and  Heidelberger,1  who  applied  Cannizzaro's  reaction  to  3-nitro-4-meth- 
oxy-benzaldehyde,  state  that  the  alcohol  is  formed  in  good  yield  by  this 
method,  but  they  assigned  to  the  compound  a  melting-point  of  59-60. 5  °. 
The}'  undoubtedly  were  dealing  with  an  impure  product. 

3-Nitro-4-ethoxybenzyl  Alcohol,  (N02)8(OC*H6)4C«H,.CH20H.— The 
procedure  used  for  alkylation  with  ethyl  iodide  was  similar  to  that  em- 
ployed in  the  preparation  of  the  methyl  derivative.  Application  of  the 
reaction  with  10  g.  of  the  alcohol,  35  g.  of  potassium  hydroxide  and  8  g. 
of  ethyl  bromide  in  65  cc.  of  95%  alcohol  was  productive  of  a  yield  of  the 
ethyl  ether  corresponding  to  60%  of  theoretical  amount.  The  ether 
crystallizes  from  boiling  water  in  colorless  needles  melting  at  66°. 
Calc.  for  CBH11O4N:  N,  7.1 1.    Found:  7.13,  7.03. 

3-Amino-4-methoxy-benzyl  Alcohol,  (NH2)8(OCH,)4C6H,.CH,OH.— 
The  reduction  of  3-nitro-4-methoxy-benzyl  alcohol  to  the  corresponding 
amine  was  accomplished  successfully  by  application  of  the  method  first 
utilized  by  Claisen  and  Shadwell2  for  the  reduction  of  0-nitrobenzoyl 
formic  acid,  namely,  by  the  action  of  ferrous  sulfate  in  ammoniacal  solu- 
tion. Ten  g.  of  the  alcohol  was  dissolved  in  25  cc.  of  ethyl  alcohol;  the 
solution  was  mixed  with  200  cc.  of  cone,  ammonia  and  then  diluted  with 
100  cc.  of  water.  To  this  mixture  100  g.  of  finely  powdered  ferrous  sul- 
fate was  added  in  small  portions  and  with  constant  shaking.    The  reduc- 

1  hoc.  tit. 

1  Claisen  and  Shadwell,  Ber.,  12,  353  (1879)1 
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tion  was  continued  for  about  a  half  hour,  when  160  g.  of  barium  hydroxide 
in  300  cc.  of  hot  water  was  added  and  the  mixture  then  heated  on  the 
steam-bath  for  about  a  half  hour  longer  to  precipitate  all  sulfates  and  iron 
in  solution.  After  removal  of  the  barium  by  precipitation  with  carbon 
dioxide  the  solution  was  concentrated  in  vacuo  and  cooled,  when  the  amine 
separated  in  crystalline  condition.  The  substance  was  purified  by  crys- 
tallization from  boiling  benzene  and,  as  the  solution  cooled,  separated  in 
the  form  of  beautiful  colorless  crystals  melting  at  95  °.  The  amine  is 
slightly  soluble  in  cold  water,  but  very  easily  soluble  in  hot  water,  in 
hot  benzene,  in  alcohol,  in  ether  and  in  dil.  acids.  It  is  perfectly  stable  on 
exposure  to  air.  The  yield  of  pure  amine  is  about  75%. 
Calc.  for  CeHnOiN:  N,  9.15.    Found:  9.21,  9.05. 

3-Amino-4-ethoxy-benzyl  Alcohol,  (NHjWOC^H^CeHa.CHjOH.— The 
reduction  of  3-nitro-4-ethoxy-benzyl  alcohol  to  the  corresponding  amine 
was  carried  out  in  a  manner  similar  to  that  used  in  the  preparation  of 
its  lower  homologue.  The  amine  was  obtained  in  the  form  of  colorless 
flat  prisms  melting  at  83  °.  It  is  easily  soluble  in  hot  water,  in  hot  ben- 
zene, in  alcohol  and  in  ether. 

Calc.  for  CfHuOtN:  N,  8.38.    Found:  8.33,  8.51. 

a-Methoxy-5-hydroxy-methyl-benzene  Diazonium  Chloride,  (OCH3)*- 
(CHsOH)*C«Hs.N  i  NCI.— This  very  stable  diazonium  salt  is  obtained 
by  diazotization  of  3-amino-4-methoxy-benzyl  alcohol  under  the  follow- 
ing conditions.  Five  g.  of  the  amine  is  dissolved  in  12  cc.  of  cone,  hydro- 
chloric acid  previously  diluted  with  75  cc.  of  water.  Eight  g.  of  sodium 
nitrite  dissolved  in  40  cc.  of  water  is  added  slowly,  while  the  temperature 
of  the  solution  is  kept  below  io°.  After  the  diazotized  solution  is  allowed 
to  stand  for  one  hour,  it  is  then  warmed  at  60  °  for  20  minutes  and  finally 
evaporated  to  dryness  by  heating  it  at  60  °  under  diminished  pressure. 
A  crystalline  residue  is  obtained  composed  of  sodium  chloride  and  the 
diazonium  salt  of  the  amine.  The  latter  is  easily  extracted  with  hot 
absolute  alcohol,  from  which  it  separates  when  a  very  concentrated  solu- 
tion is  cooled,  in  the  form  of  cream-colored  plates.  The  compound  is 
exceedingly  soluble  in  alcohol,  but  can  be  precipitated  from  this  solvent 
in  crystalline  condition  by  dilution  with  ether.  The  yield  is  practically 
quantitative.  The  diazonium  chloride  is  extremely  soluble  in  water,  in 
alcohol,  and  in  glacial  acetic  acid,  but  is  insoluble  or  very  difficultly  solu- 
ble in  ether,  in  benzene,  in  chloroform  and  in  carbon  tetrachloride.  It 
decomposes  without  melting  and  with  evolution  of  red  fumes  at  131  °. 
The  aqueous  solution  is  neutral  to  litmus  and  no  acid  reaction  is  produced 
even  after  boiling.  Cone,  sulfuric  add  decomposes  the  diazonium  salt 
with  evolution  of  nitrogen.  The  Kjeldahl  method,  therefore,  could  not 
be  applied  successfully  for  its  analysis.  Nitrogen  was  determined  by  the 
Dumas  method. 
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Calc.  for  CgH»OjNjCl:  N,  1395;  CI,  17.68.  Found:  N,  13.96;  CI,  17.74. 
2-Ethoxy-5-hydroxy-methyl-benzene  Diazonium  Chloride,  (OQH6)J- 
(CH2OH)8C6H^.N  i  NCI. — This  compound  was  prepared  in  a  manner 
similar  to  that  used  in  the  preparation  of  the  methoxy  homologue,  viz., 
by  diazotization  of  the  corresponding  amine.  The  diazonium  salt  which 
resulted  in  an  almost  quantitative  yield,  possesses  similar  properties 
to  the  methoxy  derivative,  and  the  same  crystalline  form.  It  also  de- 
composes at  131  °. 

Calc.  for  C»HnOsNsCl:  CI,  16.53.    Found:  16.45. 

3-Cyano-4-methoxy-benzyl  Alcohol,  (CN)8(OCHj)4CeH8.CH2OH.— 
This  nitrile  is  formed  by  first  diazotizing  3-amino-4-methoxy-benzyl 
alcohol  and  then  applying  in  the  regular  manner  Sandmeyer's  reaction 
with  copper  cyanide.  Five  g.  of  the  amine  was  diazotized  in  the  usual 
manner  and  the  diazonium  compound  decomposed  by  adding  the  solu- 
tion slowly  to  hot  cuprous  cyanide  solution.  This  product  was  heated 
for  about  half  an  hour  to  complete  the  reaction.  Extraction  of  this  solu- 
tion with  ether  removed  all  the  nitrile.  It  was  purified  by  crystallization 
from  hot  water  and  separated  in  the  form  of  needles  melting  at  81  °.  The 
cyanide  is  very  soluble  in  both  ether  and  alcohol.    The  yield  was  about 

50%. 

Calc.  for  CtHtOjN:  N,  8.59.    Found:  8.77.  8.60. 

Summary. 

1.  3-Nitro-4-hydroxy-benzyl  alcohol  has  been  subjected  to  direct 
oxidation  with  alkaline  permanganate  and  the  corresponding  known  alde- 
hyde and  acid  have  been  obtained,  thus  contributing  a  new  and  con- 
venient method  for  preparing  these  substances. 

2.  A  new  method  for  the  preparation  of  the  local  anesthetic  "ortho- 
form-new"  is  suggested  by  our  work. 

3.  The  following  new  derivatives  of  3-nitro-4-hydroxy-benzyl  alcohol 
have  been  prepared:  3-nitro-4-ethoxy-benzyl  alcohol,  3-amino-4-meth- 
oxy-benzyl  alcohol,  3-amino-4-ethoxy-benzyl  alcohol,  2-methoxy-5- 
hydroxy-methyl-benzene  diazonium  chloride,  2-ethoxy-5-hydroxy-methyl- 
benzene  diazonium  chloride.  4-methoxy-3-cyano-benzyl  alcohol. 

ff^W  HAVBN,  CONfT 


Digitized  by 


Google 


AU«0PHANIC  ESTER.  2303 

[Contribution  from  the  Chemical  Laboratory  op  thb  University  of  Kansas.] 

THE  ACTION  OF  AMMONIA  AND  AMINES  ON  THE  SUBSTI- 
TUTED UREAS  AND  URETHANES. 
n.  ALLOPHANIC  ESTER. 

By  F.  B.  Dains  and  E.  Wbrthbim. 
Received  July  16,  1920. 

In  a  previous  paper1  a  study  of  the  action  of  amines  on  carbonyl  di- 
urethan  was  presented.  It  seemed  advisable  later  to  follow  this  with  an 
investigation  of  the  action  of  amines  on  allophanic  ester,  which  may  be 
regarded  as  the  mono-carbethoxy  derivative  of  urea,  while  carbonyl-di- 
urethane  is  di-carbethoxy  urea.  We  wished  not  only  to  ascertain  what 
differences  there  might  be  in  the  course  of  the  reaction,  but  also  to  verify 
the  experimental  data  in  the  literature  which  recorded  only  the  forma- 
tion of  a  substituted  biuret  and  appeared  unnecessarily  incomplete. 

12       3  4 

It  will  be  noted  that  allophanic  ester,  NH2CONHCOOR,  differs  from 
the  carbonyl-diurethane  in  having  at  Position  4  only  one  carboxy  group 
that  can  enter  into  reaction;  the  other  point  of  attack  is  the  amine  group 
at  Position  1. 

Thus,  if  the  primary  amine  should  react  at  Position  1,  an  aryl  allophanic 
ester  and  ammonia  could  be  obtained. 

RNH2  +  NHaCONHCOOQH*  =  RNHCONHCOOC,H6  +  NH3.  (I) 
On  the  other  hand,  if  4  were  the  point  of  attack,  the  result  might  be  a 
mono-aryl  biuret  and  alcohol. 

NH1CONHCOOCH3  +  H2NR  =  RNHCONHCONHj  +  CaH6OH.  (II) 
As  a  matter  of  fact,  all  of  the  above  products  were  isolated,  which  sub- 
stantiates the  validity  of  the  assumptions  of  these  reactions. 

At  higher  temperatures  mono-  and  di-substituted  ureas  are  produced, 
doubtless  because  of  the  continued  action  of  the  amines  on  the  biuret. 
RNHCONHCONHR  +  RNH2  =  RNHCONH*  +  RNHCONHR.  (Ill) 

Above  1600,  Schiff2  has  found  that  the  monophenyl  urea  decomposes 
yielding  diphenyl  urea,  which  would  account  for  the  relatively  small  amount 
of  the  monophenyl  derivative  found. 

Experimental  Part. 
Preparation   of   Ethyl   Allophanate. — The   literature   records    many 
methods  for  the  preparation  of  this  ester,  but  most  of  them  are  unsatis- 
factory so  far  as  yield  is  concerned.8    The  greater  portion  of  the  alio- 
1  This  Journal,  41,  1004  (19 19). 
*  Schiff,  Ann.,  352,  83  (1907). 

»  Amato,  Jahresber.  749  (1873);  Saytzeff,  Ann.,  135,  230  (1865);  Wilm,  ibid., 
292,  243  (1878);  Schroeter,  Bet.,  26,  2172  (1893);  Hlasiwetz,  Ann.,  134,  116  (1865); 
Ann.  Mm.  phys.  [8]  22,  349,  358  (191 1);  This  Journal,  41,  1005  (1919). 
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phanic  ester  used  in  the  following  experiments  was  made  by  the  action 
of  ethyl  chloroformate  on  urea,  a  method  probably  first  suggested  by  Wilm 
and  Wischin.1  Later  Schiff  repeated  this  work.2  When  he  heated  molar 
mixtures  of  urea  and  ethyl  chloroformate,  he  obtained  only  cyanuric  acid, 
ammonium  chloride,  ethyl  carbonate  and  a  trace  of  biuret.  When  the 
proportions  were  changed  and  2  mols  of  the  urea  were  used,  Schiff  ob- 
tained a  7.5%  yield  of  the  ester,  together  with  cyanuric  add  and  a  trace 
of  biuret.  Therefore  he  concluded  that  the  method  was  not  suitable  for 
the  preparation  of  the  ethyl  allophanate. 

The  following  modification  of  the  procedure  gave  good  results.  One 
mol.  of  ethyl  chloroformate  is  poured  over  2.1  mols  of  the  urea  in  a 
flask  connected  with  a  reflux  condenser.  This  mixture  is  now  warmed 
on  a  water-bath  for  2  or  3  hours,  or  at  least  for  half  an  hour  after  drops 
cease  to  fall  from  the  condenser.  Water  is  added  to  the  warm  mass  and 
it  is  filtered  with  suction  and  again  washed  with  cold  water.  When  dry 
it  is  ready  for  use.  The  melting  point  varies  from  1890  to  192  °,  depend- 
ing upon  the  purity  of  the  urea.  The  yield  is  from  62  to  65%.  During 
the  operation  no  hydrogen  chloride  was  evolved,  a  fact  also  observed  by 
Schiff.  This  explains  the  role  of  the  second  mol  of  urea,  which  evidently 
combines  with  the  acid  to  form  urea  hydrochloride.  Experiments  showed 
that  when  pyridine  or  quinoline  was  used  to  take  up  the  acid,  there  was 
a  decrease  in  both  the  purity  and  the  yield  of  the  ester  because  of  the  partial 
decomposition  of  the  ethyl  chlorocarformate8  by  the  tertiary  amine.  The 
method  of  Billmann,4  in  which  urethane  is  heated  with  phosphorus  pent- 
oxide,  is  simple,  but  the  yield  is  somewhat  less. 

I.  Ethyl  Allophanate  and  Amines. 

Hofmann6  found  that  this  ester  reacts  with  aqueous  ammonia  at  100  ° 
to  give  the  biuret  and  alcohol.  However,  anhydrous  liquid  ammonia,  or 
liquid  ammonia  containing  2%  of  water  is  without  effect,  since  the  ester 
can  be  recovered  unchanged.  This  is  in  decided  contrast  to  the  ease  with 
which  carbonyl-diurethane  reacts  under  like  conditions. 

i.  Aniline  and  Ethyl  Allophanate. — Hofmann  also  showed6  that 
aniline  at  its  boiling-point  reacted  with  ethyl  allophanate  to  give  diphenyl 
biuret.  He  assumed,  though  without  any  evidence,  that  monophenyl 
biuret  was  first  formed.  On  the  contrary,  the  experimental  results  indi- 
cate that  phenyl  allophanic  ester  is  the  primary  product. 

After  ethyl  allophanate  was  heated  with  slightly  more  than  one  mol  of 
aniline  at  120-125  °  for  one  hour,  the  reaction  product  was  extracted  with 
1  Wilm  and  Wischin,  Ann.,  147,  155  (1868). 

•  Schiff,  ibid.,  291,  372  (1896). 

•  Hopkins,  /.  Chem.  Soc,  117,  278  (1920). 
4  Billmann,  Ber.,  50,  508  (1917). 

•  Hofmann,  ibid.,  4,  265  (187 1). 
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a  cold  dilute  solution  of  sodium  hydroxide.  Ethyl-phenyl  allophanate 
was  precipitated  (m.  p.  105  °)  when  the  filtrate  was  acidified.  Its  identity 
-was  proven  by  comparison  with  a  known  sample  of  the  ester,  which  had 
been  made  by  the  action  of  phenyl  isocyanate  on  urethane.1 

Diphenyl  Biuret. — The  allophanic  ester  (one  mol)  and  aniline  (2 
mols)  were  heated  at  1250  for  one  hour.  After  the  residue  had  been 
treated  with  dil.  alkali  to  remove  the  soluble  phenyl  allophanic  ester,  it 
was  crystallized  repeatedly  from  alcohol,  from  which  the  biuret  separated 
as  a  mass  of  white  needles,  with  a  silky  luster.  It  melted  at  209-100. 
Calc.  for  C14H11O1N1:  N,  16.47.  Pound:  16.44,  16.63. 
Monophenyl  Urea  and  Diphenyl  Urea. — When  a  mixture  of  the  ester 
and  aniline  was  heated  at  1600  to  1700,  both  monophenyl  urea  and  di- 
phenyl urea  were  formed.  They  were  separated  by  the  differences  in 
their  solubilities  and  were  identified  by  analysis  and  by  comparison  with 
a  known  sample  of  each  compound. 

2.  o-Anisidine  and  Ethyl  Allophanate. — o-Anisyl-allophanic  ethyl 
ester  (o-CHaOQH^HCONHCOOCaH*)  was  formed  when  the  allophanic 
ester  was  heated  with  0-anisidine  at  1300  to  1400  for  2  hours.  It  dis- 
solved in  a  dilute  solution  of  sodium  hydroxide  and  Crystallized  from 
alcohol  in  fine  needles,  which  melted  at  1250.  It  is  insoluble  in  water 
but  very  soluble  in  acetone  and  in  benzene.  The  same  compound  was 
made  by  the  action  of  ethyl  chlorocarbonate  on  mono-0-anisyl  urea. 

Di-o-Anisyl  Biuret,  NH(CONHC«H40CH,)2.— This  was  the  main 
product  isolated  when  2  mols  of  the  amine  were  used  and  the  temperature 
varied  from  1300  to  1400.  It  crystallized  from  acetone  or  from  alcohol 
in  white  needles  which  melted  at  211-20  with  partial  sublimation. 
Calc.  for  CuHnOiNs:  N,  13.33.  Found:  13.15. 
Di-0-anisyl  urea  was  the  only  product  formed  when  the  compounds 
were  heated  at  175  °  for  2  hours.  Crystallized  from  alcohol,  it  melted  at 
1820.2 

Calc.  for  CuHnOiNi:  N,  10.29.    Found:  10.24. 

3.  o-Toluidine  and  Ethyl  Allophanate. — Ethyl-o-tolyl-allophanate, 
0-C7H7NHCONHCOOC2H5— Equal  mols  of  the  ester  and  o-toluidine 
heated  between  1150  and  1160  for  4  hours  gave  the  substituted  ester. 
It  was  soluble  in  dil.  alkali,  melted  at  133  °  and  was  identical  with  the  ester 
prepared  from  the  o-tolyl  urea  and  ethyl  chlorocarbonate.8  When  2  mols 
of  0-toluidine  were  used  at  temperatures  varying  from  160-1900  3  com- 
pounds could  be  isolated:  monotolyl  urea  (m.  p.  1890);  di-0-tolyl  urea  (m. 
p.  245-7  °);  and  di-0-tolyl  biuret,  which  formed  white  needles  when  crys- 
tallized from  alcohol,  and  melted  at  204-5  °. 

1  Dains,  Greider,  Kidwell,  This  Journal,  41,  1008  (1919). 

1  Conrad  and  Limpach,  Ber.,  21,  1654  (1888);  Muhlhauser,  Ann.,  207,  245  (1881). 

1  Piccard,  /.  Chetn.  Soc.,  81,  1571  (1902);  This  Journal,  41,  1010  (1919). 
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Calc.  for  CwHnOiNt:  N,   14.84.    Found:  14.36. 
The  last  2  compounds  were  separated  with  difficulty  by  repeated  frac- 
tional crystallization  from  alcohol. 

4.  m-Toluidine  and  Ethyl  Allophanate* — No  ro-tolyl-allophanic  ester 
could  be  found,  when  the  same  experimental  conditions  that  were  suc- 
cessful in  the  case  of  0-toluidine  were  used.  Three  products  were  isolated : 
m-tolyl  urea  (m.  p.  143 °);  di-w-tolyl  urea  (m.  p.  2170);  and  di-m-tolyl 
biuret.  The  last  of  the  three  is  difficultly  soluble  in  the  usual  organic 
solvents,  but  could  be  crystallized  from  alcohol  from  which  it  separated 
as  a  cotton-like  mass  of  white  needles,  which  melted  at  179-9°. 

Calc.  for  CifHttOsNi:  N,  14.84.     Pound:  14.65,  14.75. 

5.  w-Nitro-aniline  and  Ethyl  Allophanate. — Equal  mols  of  the  ester 
and  m-nitro-aniline  were  dissolved  in  kerosene  and  heated  for  2  hours 
at  1 25  °.  The  residue  was  partly  soluble  in  cold  solution  of  sodium  hydroxide 
from  which  acid  precipitated  ethyl  w-nitrophenyl  allophanate,  the  same 
as  that  which  had  been  obtained  previously  by  Piccard  from  m-nitro- 
phenyl-hydroxy-oxamide.1  This  crystallized  from  alcohol  in  yellow 
needles  which  melted  at  189-90°. 

Calc.  for  CioHnOiNi:  N,  16.60.    Found:  16.71. 
Di-m-nitrophenyl  Biuret. — When  heated  at  145°,  the  same  components 
gave  the  biuret  in  the  form  of  yellow  crystals  difficultly  soluble  in  alcohol; 
they  melted  at  2 1 5- 1 6  °. 

Calc.  for  CuHnOfN*:  N,  20.30.     Found:  20.29. 
At  higher  temperatures  mononitro-phenyl  urea  was  obtained  as  yellow 
crystals  (m.  p.  165°),  soluble  in  hot  water  and  di-m-nitro-diphenyl  urea 
(m.  p.  133-4 °). 

Calc.  for  CnH,oO*N4:  N,  18.54.     Found:  18.30. 

6.  £-Bromo-aniline  and  Ethyl  Allophanate. — The  reaction  followed 
in  the  main  the  lines  suggested  for  aniline,  although  great  difficulty  was 
experienced  in  separating  the  ^products  on  account  of  their  comparative 
insolubility  in  most  organic  solvents.  Below  120°,  no  action  seems  to 
occur. 

Di-£-bromo-diphenyl  Biuret. — In  one  case,  after  the  components 
had  been  heated  for  2  hours  at  120°,  a  product  was  obtained  which  was 
washed  with  hot  water,  hot  alcohol  and  hot  acetic  acid.  The  residue, 
crystallized  from  boiling  nitrobenzene,  separated  in  small  plates  with  a 
pearly  luster,  which  began  to  decompose  at  280°. 

Calc.  for  CuHnOjNjBrj:  N,  10.26.    Found:  10.20. 
Heated  at  140°,  £-bromo-aniline  and  the   ester   gave  mono-p-bromo- 
phenyl  urea,  difficultly  soluble  plates  which  decomposed  above  270°. 
Calc.  for  BrC.H^HCONH,:  N,   1303.     Found:  13.00. 
l* Piccard,  /.  Chem.  Soc.t  81,  1569  (1902). 
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At  1500  the  formation  of  di-p-bromo-diphenyl  urea  occurred. 
Calc:  N,  7.57.    Pound:  7.46. 

II.  Methyl  Allophanate  and  Aromatic  Amines. 
Preparation. — The  methyl  ester  was  made  by  the  action  of  methyl 
chlorocarbonate  (one  mol)  on  urea  (2  mols),  according  to  the  procedure 
used  in  the  preparation  of  the  ethyl  derivative.  The  maximum  yield 
obtained  was  75%,  but  the  product  was  of  a  high  degree  of  purity.  It 
is  only  slightly  soluble  in  hot  water,  but  can  be  readily  recrystallized  from 
dil.  alcohol  or  from  acetone. 

1.  Aniline  and  Methyl  Allophanate. — While  the  action  in  the  main 
is  analogous  to  that  of  the  ethyl  ester,  yet  one  interesting  difference  pre- 
sented itself  in  that  the  methoxy-group  showed  less  stability  than  the 
ethoxy  toward  the  amine. 

Although  a  great  variety  of  temperatures  were  chosen,  methylphenyl 
allophanate  was  not  isolated  in  any  experiment.  This  is  singular,  because 
the  first  product  of  the  action  of  amines  on  the  ethyl  ester  is  the  cor- 
responding ethylaryl  allophanate. 

a-Phenyl  Biuret,  CtHfiNHCONHCONHa  —  Molar  quantities  of  the 
methyl  ester  and  aniline  were  heated  at  1500  for  2  hours.  The  melt  was 
extracted  with  a  dilute  solution  of  sodium  hydroxide  and  the  filtrate 
treated  with  dil.  acid.  The  precipitated  biuret  can  be  crystallized  from 
alcohol,  acetone,  or  hot  water,  from  which  it  separates  in  shining  scales, 
which  usually  melt  at  1640,  1650  or  1670.  However,  after  further  re- 
crystallization  if  the  crystals  are  dried  at  100  °  they  melt  and  darken  at 
1 550.  Piccard  and  Carter1  give  the  melting-point  at  1560,  as  does  also 
McKee,2  who  obtained  it  by  the  action  of  hydrogen  chloride  on  methyl- 
phenyl-isobiuret.  Schiff,3  who  prepared  it  from  phenyl-hydroxy-oxamide, 
says  that  the  true  melting-point  is  1650. 

Calc.  for  CtH»OiNi:  C,  5362;  H,  5.08;  N,  23.46.     Found:  C,  46.18;  H,  5331 
N,  23.58. 

Molar  weight  (McCoy's  method  in  absolute  alcohol). 

Calc:  179.    Pound:  179.91,   187. 

Heated  with  aniline  the  a-phenyl  biuret  gave  ammonia  and  diphenyl 
biuret. 

Other  Products. — Diphenyl  biuret  was  produced  at  all  temperatures 
from  1500  to  1700,  while  above  this  point  diphenyl  urea  was  the  main 
product.  Monophenyl  urea  was  isolated  in  only  one  case.  Evidently 
the  amount  formed  with  the  methyl-ether  is  less  than  that  produced  with 
the  ethyl  ester. 

2.  0-Toluidine    and    Methyl    Allophanate.    0-Tolyl    Biuret,    C7H7- 

1  Piccard  and  Carter,  /.  Chem.  Soc.,  79,  846  (1900);  81,  1563  (1902). 
*  McKee,  Am.  Chem.  J.,  26,  254  (1901). 
8  Schiff,  Ann.,  352,  79  (1907). 
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NHCONHCONHj.  This  was  found  in  various  amounts  when  temper- 
atures ranging  from  140-1700  were  employed.  It  was  soluble  in  alkali 
and  crystallized  from  dil.  alcohol  in  fine  white  needles,  which  melted  and 
sublimed  at  179-1800.  It  corresponded  in  every  way  to  the  biuret  ob- 
tained by  Piccard  and  Carter1  from  0-tolyl-hydroxyl-oxamide.  The  other 
products  isolated  were  di-0-tolyl  biuret,  0-tolyl  urea  and  di-0-tolyl  urea. 
No  methyltolyl  allophanate  was  found. 

m.  Aniline  and  Ethyl  Benzoyl  Allophanate,  CACONHCONHCOOCsHs. 

For  comparison,  the  action  of  aniline  on  an  acyl  derivative  of  allophanic 
ester  was  tried.  Thus,  benzoyl-allophanic  ester  and  aniline  when  heated 
at  1500  gave  benzoyl-phenyl  urea  (m.  p.  209  °). 

Calc,  C14H1SO1N1:  N,  11.65.    Pound:  11.56. 

This  same  urea  had  been  obtained  previously  by  the  action  of  aniline 
on  benzoyl  urethane*  and  on  ethyl-benzoyl-thioncarbamate,*  CJHUCONH- 
CSOQHs. 

Phenyl  hydrazine  and  Ethyl  Allophanate,  i-Phenyl-4-carbethoxy- 
semicarbazide,  CeH5NHNHCONHCOOC2H5.— Below  1400  there  was 
no  reaction  between  the  components;  at  that  temperature,  however,  the 
new  ester  was  formed  with  the  elimination  of  ammonia  but  no  alcohol, 
and  after  repeated  crystallization  from  alcohol,  it  was  obtained  in  the 
form  of  small  white  scales,  melting  at  175-60. 

Calc.  for  CieHuOiNt:  N,  18.93.    Found:  19.18. 

The  compound  is  isomeric  with  the  1 , 1  -phenyl-carbethoxy-semicarbazide, 
CeH6N(COOC2H5)NHCONHj,  which  can  be  synthesized  by  the  action  of 
ethyl  chlorocarbonate  on  the  monophenyl-semicarbazide  and  which  melts 
at  1 7 1-5  °.4  The  mode  of  formation  of  the  ester  melting  at  1760,  shows 
conclusively  that  it  must  be  an  isomer  and  not  identical  with  the  1,1- 
phenyl-carbethoxy-semicarbazide. 

Heated  above  its  melting-point  the  1-4  ester  lost  alcohol,  the  ring 
closed  and  i-phenyl-urazole  was  formed,  while  with  ammonia  it  gave  a 
compound  melting  at  195  °,  which  is  being  investigated. 

i-Phenyl-urazole,  C6H6N-NHCONHCO  (m.  p.  263-4 °)  is  formed 
quantitatively  whenever  phenylhydrazine  and  the  ester  are  heated  above 
1400.  It  was  identified  by  comparison  with  a  known  sample  of  the  urazole 
and  by  the  synthesis  of  its  acetyl  derivative  (m.  p.  1690). 

Phenyl  Hydrazine  and  Methyl  Allophanate. — The  same  interesting 
reactivity  of  the  methoxy  group  was  noted  in  the  case  of  methyl  ester. 
The  intermediate  1,4-phenyl-carbomethoxy-seniicarbazide  could  not  be 
1  Piccard  and  Carter,  /.  Chem.  Soc.t  81,  1563  (1902). 
1  Wheeler  and  Johnson,  Am.  Chem.  J.,  24,  208  (1900). 
'  Wheeler  and  Merriam,  This  Journal,  23,  289  (1901). 
4  Wheeler  and  Beardsley,  Am.  Chem.  J.,  27, 269  (1902) ;  Acree,  Ber.,  37,  6xd  (1904). 
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isolated.  When  the  mixture  was  heated  at  1 50  °  for  a  short  time  no  change 
occurred,  but  longer  heating  at  this  temperature,  or  for  a  few  minutes 
at  1 530,  gave  the  i-phenyl-urazole  as  the  sole  product. 

Summary. 

(1)  A  study  has  been  made  of  the  progressive  action  of  primary  amines 
on  methyl  and  ethyl  allophanate  which  has  resulted  in  the  isolation  of 
aryl  allophanic  esters,  mono-  and  di-aryl  biurets  and  mono-  and  di-sub- 
stituted  ureas. 

(2)  Phenylhydrazine  has  been  found  to  give  i-phenyl-4-carbethoxy- 
semicarbazide  and  i-phenyl-urazole.  The  investigation  is  being  continued 
in  this  laboratory. 

Lawksmcs,  Kansas. 


[Contribution  prom  the  Laboratory  op  Werner  Drug  and  Chemical  Co.] 

THE  METHIODIDES  OF  THE  CONDENSATION  PRODUCTS  OF 

SOME  CYCLIC  ALDEHYDES  WITH   QUINALDINE  AND 

ALPHA  PICOLINE,  AND  THEIR  POSSIBLE  VALUE 

AS  INDICATORS  IN  ACBDIMETRY. 

By  Louis  F.  Wbrnbr. 

Received  July  16,  192a 

The  aqueous  solution  of  the  methiodide  of  2(3-methoxy-4-hydroxy- 
styryl)quinoline  when  treated  with  sodium  hydroxide  solution  was  found 
to  give  a  deep  fuchsine-colored  fluid,  instead  of  the  anticipated  precipitate 
of  the  quaternary-ammonium  hydroxide.  As  the  hydrochloride  of  2(3- 
methoxy-4-hydroxy-styryl)quinoline  under  like  conditions  gave  but  a 
milky  emulsion  of  the  free  base,  the  color  noted  must  be  due  to  the  auxo- 
chrome  effect  of  the  methyl  group  attached  to  nitrogen. 

Following  up  these  results,  the  methiodides  of  the  condensation  products 
of  various  cyclic  aldehydes  with  quinaldine  were  prepared,  and  their  be- 
havior with  sodium  hydroxide  determined.  The  methiodides  of  the  con- 
densation products  of  quinaldine  with  benzaldehyde,  furfural,  0-hydroxy- 
benzaldehyde,  ^-hydroxy-benzaldehyde,  protocatechuic  aldehyde,  and  also 
the  condensation  product  of  piperonal  with  a-picoline,  were  prepared  and 
studied. 

The  results  secured  showed  that  in  order  that  the  methiodides  of  com- 
pounds of  this  type  have  the  properties  of  an  indicator,  that  there  be  a 
phenolic  hydroxyl  group  attached  to  the  neucleus  of  the  aldehyde  used 
in  its  preparation.  Thus  in  the  case  of  the  methiodides  of  2-styryl-quin- 
oline,  2(/3-furfuryl-vinyl)quinoline,  2(4,3-methylene-dioxyl)pyridine,  the 
yellow-aqueous  solutions  of  these  salts  were  rendered  colorless  upon  the 
addition  of  sodium  hydroxide  solution,  but  the  methiodides  of  2(2-hydroxy- 
styryl)quinoline  and  of  2(4-hydroxy-styryl)quinoline  gave  a  blood-red 
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coloration,  and  the  methiodide  of  2(3-methoxy-4-hydroxy-styryl)quinoline 

gave  a  fuchsine-red  colored  solution,  and  the  methiodide  of  2(3,4-dihydroxy- 

styryl)quinoline  gave  a  grape-colored  solution. 

The  probable  effect  of  the  alkali  upon  those  compounds  which  show  this 

color  change  is  to  cause  a  molecular  rearrangement,  to  give  a  quinone, 

O 

II 
C— OH  C 

•\  /\ 

HC        C— OCH,  HC        C—OCH, 

I    II  II    II 

HC   CH         CH  CH         HC    CH         CH  CH 

C  HC        C        CH  C  HC        C        CH 

I                           I          I          II          ^             II  I  I  II 

CH=CH C        C        CH  CH CH, C        C        CH 

v/v  VV 

N        CH  N        CH 

/\  /\ 

CH,    I  CH,    I 

A  few  preliminary  tests  carried  out  to  determine  the  possibility  of  using 
these  compounds  as  indicators,  indicated  that  they  may  be  used  as  such, 
provided  that  the  hydriodic  acid  first  formed  by  their  hydrolysis  in  water 
be  neutralized  with  alkali. 

Experimental. 

2(j8-Furfuryl-vinyl)quinolinef  C4H3O.C2H2.C9H6N. — Quinaldin,  9  g.,  and 
furfural,  6  g.,  were  heated  in  the  presence  of  2  g.  of  anhydrous  zinc  chloride 
upon  the  boiling  water-bath  for  5  hours.  Water,  and  then  a  slight  excess 
of  hydrochloric  acid  was  added,  and  steam  passed  into  the  mixture  until 
all  but  tar  was  dissolved.  The  solution  was  filtered  hot  through  a  wetted 
filter,  and  cone,  hydrochloric  acid  added  to  the  cooled  filtrate.  The  pre- 
cipitated hydrochloride  was  filtered  out  as  an  orange-colored  powder, 
dissolved  in  water,  filtered,  and  reprecipitated  with  hydrochloric  acid. 
The  free  base  was  finally  secured  by  dissolving  the  hydrochloride  in  water 
and  carefully  adding  ammonium  hydroxide,  filtering  from  the  tarry  im- 
purities which  precipitate  first.  The  free  base  is  recrystallized  from 
ligroin.  M.  p.  (corr.)  560.  The  base  is  soluble  in  all  the  ordinary  organic 
solvents. 

Subs.,  0.3823:  23.4  cc.  N  (over  30%  KOH  at  270  and  749  mm.). 
Clac.  for  Ci&HiiON:  N,  6.33.    Found:  6.69. 

2(/3-Furfuryl-vinyl)quinoline  methiodide,  C4H1O.C4H1.C10H9NI.— This 
substance  was  prepared  by  heating  3  g.  of  2(j8-furfuryl-vinyl)quinoline 
with  an  excess  of  methyl  iodide  in  a  sealed  tube  in  the  dark,  at  a  tem- 
perature of  1400.  It  was  necessary  to  heat  for  4  to  5  hours,  an  oil-bath 
being  used.    The  contents  of  the  tube  were  then  recrystallized  from 
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water,  and  the  salt  was  secured  as  orange  colored  needles,  having  a  steel- 
blue  iridescence  when  viewed  in  natural  light.  The  substance  is  soluble 
in  hot  alcohol  and  hot  water,  but  is  practically  insoluble  in  the  usual  organic 
solvents.  *  M.  p.  (corr.)  226.2  °. 

An  aqueous  solution  of  this  salt  is  lemon-yellow  in  color  under  neutral 
or  acid  conditions,  and  colorless  in  the  presence  of  alkalies,  but  the  change 
in  color  is  so  slight  as  to  give  it  no  value  as  an  indicator. 

Subs.,  0.5878:  22.4  oc.  N  (over  30%  KOH  at  27  °  and  746  mm.). 

Calc.  for  ChHuONI:  N,  386.    Found:  4.15. 

2(34-Methylene-dioxy-styryl)pyridine  methiodide,  C7HftO2.C2H2.C4Hs- 
NI. — 2(3,4-MethyIene-dioxy-styryl)pyridine1  and  an  excess  of  methyl  iodide 
were  heated  in  a  boiling  water-bath  in  the  dark  for  4  hours.  The  con- 
tents of  the  bomb  tube  were  then  recrystallized  from  water,  the  salt  being 
secured  as  a  lemon-colored  microcrystalline  powder.  It  is  soluble  in  hot 
water,  alcohol,  and  acetone,  but  is  but  slightly  soluble  in  the  usual 
organic  solvents.    M.  p.  (corr.)  276 °. 

An  aqueous  solution  of  this  salt  is  yellow  in  aqueous  acid  or  neutral 
solution  and  colorless  in  alkaline  solution,  but  the  substance  has  no  value 
as  an  indicator. 

Subs.,  0.5029:  19.2  cc.  N  (over  30%  KOH  at  27 °  and  732  mm). 
Calc.  for  C»Hh08N1:  N,  3.82.    Found:  4.08. 

2-Styryl  quinoline  methiodide,  C«Hft.C2H2.CioU«NL — 2-Styryl-quino- 
ine*  and  an  excess  of  methyl  iodide  were  heated  in  a  sealed  tube  in  the 
dark  for  4  hours  in  a  boiling  water-bath.  The  contents  of  tube  were  re- 
crystallized  from  water,  and  the  salt  was  secured  as  acicular  bright  orange- 
colored  crystals.  It  is  soluble  in  hot  water  and  alcohol,  but  only  slightly 
soluble  in  the  common  organic  solvents.  M.  p.  (corr.)  235.2  °  with  de- 
composition. 

A  solution  of  this  substance  in  neutral  or  acid  aqueous  solution  is  a 
faint  yellow,  but  is  rendered  colorless  by  adding  alkali.  It  is  of  no  service 
as  an  indicator. 

Subs.,  0.5881 :  21.4  cc.  N  (over  30%  KOH  at  27  °  and  735  mm.). 
Calc.  for  CisHifNI:  N,  3.75.    Found:  3.91. 

2  (2-Hydroxy-styryl)  quinoline  methiodide,  C6HftO.C2H2.CioH9NI.  — 
2(2-Hydroxy-styryl)quinolines  and  an  excess  of  methyl  iodide  were  heated 
in  a  sealed  tube  in  the  dark  at  135  °  to  1400.  The  contents  of  the  tube 
were  recrystallized  from  water,  and  it  was  thus  secured  as  a  bright  orange- 
colored  crystalline  powder.  It  is  soluble  in  hot  water  and  hot  alcohol, 
slightly  soluble  in  other  organic  solvents.  M.  p.  (corr.)  236  °. 
One  cc.  of  a  0.1%  solution  in  250  cc.  of  water  was  turned  to  a  blood-red 

1  Thiemich,  Ber.f  30,  1578  (1897). 

1  Wallach  and  Wuesten,  ibid.,  16,  2008  (1883). 

•  Dzierzgowski,  ibid.,  27,  1980  (1894). 
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color  upon  the  addition  of  a  drop  of  o.i  N  sodium  hydroxide  solution  but 
the  color  reverted  to  pale  lemon  upon  standing,  for  a  few  seconds.  Not 
until  0.4  cc.  of  the  alkali  had  been  added  was  the  blood-red  color  per- 
manent. This  behavior  is  due  undoubtedly  to  the  fact  that  a  certain 
amount  of  alkali  is  needed  to  neutralize  the  hydriodic  acid  formed  by  the 
hydrolysis  of  the  salt.1  It  was  found  that  the  blood-red  color  was  dis- 
charged by  0.12  cc.  of  0.1  N  hydrochloric  acid,  but  it  returned  upon  add- 
ing again  0.1  cc.  of  0.1  N  sodium  hydroxide  solution.  To  use  this  sub- 
stance as  an  indicator,  it  would  be  necessary  therefore,  to  "sensitize"  the 
solution  by  the  addition  of  the  proper  amount  of  sodium  hydroxide  to 
overcome  this  acidity,  analogous  to  the  addition  of  hydrochloric  acid  to 
the  sodium  salt  of  helianthin  (methyl  orange). 

Subs.,  0.6100:  2 1. 1  cc.  N  (over  30%  KOH  at  25  °  and  745  mm.). 
Calc.  for  CuHioONI:  N,  360.    Found:  3.81. 

2(4-Hydroxy-styryl)quinoline  methiodide,  CeH*O.CiHj.CioH»NI.— 
Methyl  iodide  in  excess  was  heated  with  2(4-hydroxy-styryl)quinoline, 
in  an  oil-bath  at  1400  in  the  dark.  Recrystallized  from  water,  the  sub- 
stance is  secured  as  a  bright  orange-colored  crystalline  powder.  It  is 
soluble  in  hot  alcohol  and  hot  water,  but  is  only  slightly  soluble  in  other 
solvents.     M.  p.  (corr.)  250.8 °  with  decomposition. 

Tested  as  the  preceding  compound  as  to  its  value  as  an  indicator,  it 
gave  similar  results,  it  giving  a  lemon-yellow  solution  in  presence  of  adds 
and  in  neutral  solutions,  and  a  blood-red  solution  in  the  presence  of 
alkalies. 

Subs.,  0.6181 :  20.2  cc.  N  (over  30%  KOH  at  26 ° and  743  mm). 
Calc.  for  CwHhONI:  N,  3.60.    Found:  352. 

2(4-Hydroxy-3-methoxy-8tyryl)quinoline  methiodide,  4,3-OH.OCHj.- 
CeHa.C^Ha.CioHaNI. — This  substance  was  prepared  by  heating  2(4-hydry-3- 
methoxy-styryl)quinoline,  with  an  excess  of  methyl  iodide  in  the  dark  in  a 
boiling  water-bath.  The  product  is  a  brick-red  crystalline  powder,  slightly 
soluble  in  hot  water  and  alcohol,  practically  insoluble  in  other  solvents.  It 
was  powdered  and  purified  by  extracting  3  times  with  boiling  95%  alcohol 
to  remove  tar*  and  any  unchanged  base.  M.  p.  267  °  (corr.)  with  decom- 
position. 

Upon  determining  the  sensitivity  of  this  compound  to  acids  and  bases, 
it  was  found  that  0.4  cc.  of  0.1  N  sodium  hydroxide  solution  was  required 
to  secure  a  permanent  fuchsine-red  colored  solution,  using  a  mixture  of 
one  cc.  of  0.1%  solution  to  250  cc.  of  water,  but  only  0.1  cc.  of  0.1  N 

1  Compounds  of  this  type,  despite  the  common  conception  that  quaternary  am- 
monium compounds  are  all  strong  bases,  are  on  the  contrary  very  weak  bases,  and  those 
containing  no  phenolic  group  are  readily  precipitated  from  their  strong  aqueous  solu- 
tions of  their  salts  by  ammonium  hydroxide. 

8  Wallach  and  Wuesten,  Bcr.,  16,  2009  (1883). 

*  Nencki,  ibid.,  27,  1974  (1894). 
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hydrochloric  acid  was  required  to  turn  it  to  the  neutral  lemon-yellow 
color.  This  dye  also  would  require  sensitizing  with  sodium  hydroxide 
solution  before  it  would  serve  as  an  indicator. 

Subs.,  0.6041 :  19.70  cc.  N  (over  30%  KOH  at  26 °  and  749  mm.). 
Calc.  for  Ci»HuOiNI:  N,  3.34.    Found:  3-59- 

a(34-IMhydroxy-styryl)  quinoline,  4,3(OH)2.C«H3.CiHi.C9HeN.— This 
was  prepared  by  heating  4.6  g.  of  protocatechuic  aldehyde,  4.8  g.  of 
quinaldin  and  2  g.  of  zinc  chloride  upon  a  boiling  water-bath  until  the 
mass  was  nearly  solid.  The  paste  was  then  dissolved  in  water  and  a  little 
hydrochloric  acid,  and  filtered  hot.  The  hydrochloride  was  then  pre- 
cipitated by  adding  an  excess  of  hydrochloric  acid,  and  cooling,  and  was 
recrystallized  in  this  manner  several  times,  and  the  free  base  secured  in 
a  pure  condition  by  adding  5  cc.  of  glacial  acetic  acid  to  the  solution,  and 
then  carefully  adding  ammonium  hydroxide  solution  to  the  appearance  of 
the  first  permanent  turbidity.  Upon  cooling  and  agitating  well,  the  tarry 
impurities  were  precipitated,  and  filtered  out.  The  brilliant  clear  solu- 
tion was  then  treated  with  steam,  resulting  in  the  hydrolysis  of  the  acetate, 
and  the  precipitation  of  the  free  base.  This  is  a  very  pretty  example  of 
progressive  hydrolysis,  as  the  bright  red  color  of  the  acetate  rapidly  fades 
as  the  temperature  rises,  and  is  followed  by  the  precipitation  of  the  free 
base.  This  last  operation  is  repeated,  thus  securing  the  compound  in  a 
pure  condition.  M.  p.  244.6  °  (corr.).  The  base  is  slightly  soluble  in 
alcohol,  acetone  and  benzol,  but  not  sufficiently  to  be  purified  by  re- 
crystallization. 

Subs.,  0.3390:  15.4  cc.  N  (over  30%  KOH  at  21  °  and  746  mm.). 
Calc.  for  CnHuOjN:  N,  5.32.    Pound:  5.32. 

2(34-Dihydroxy-styryl)quinoline  methiodide,  ^-(OHVCHs.CioH^NI. 
— This  was  prepared  by  heating  2(3,4-dihydroxy-styryl-quinoline  in  a 
sealed  tube  with  an  excess  of  methyl  iodide  at  140  °  in  an  oil -bath  for  5 
hours,  protected  from  the  light.  The  salt  was  recrystallized  from  water 
as  a  brownish-orange  powder,  soluble  in  hot  water  and  alcohol,  slightly 
soluble  in  cold  alcohol  and  water,  and  other  usual  solvents.  M.  p. 
266.8  °  (corr.)  with  decomposition. 

Upon  testing  the  approximate  sensitivity  of  this  salt  to  alkalies  and 
acids,  it  was  found  that  to  secure  a  permanent  grape-colored  solution, 
0.4  cc.  of  0.1  N  sodium  hydroxide  solution  was  required  in  a  mixture  of 
one  cc.  of  a  0.15%  solution  in  250  cc.  of  water,  which  was  converted  to 
the  original  lemon-yellow  colored  solution  by  the  addition  of  0.1  cc.  of 
0.1  N  hydrochloric  acid.  This  indicator  would  also  require  sensitizing  to 
fit  it  for  practical  use. 

Subs.,  0.6069:  19.0  cc.  N  (over  30%  KOH  at  27  °  and  749  mm.). 
Calc.  for  CmHhOiNI:  N,  3.46.    Found:  3.43. 
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Summary. 
The  work  showed  that  the  addition  of  a  methyl  group  to  the  nitrogen 
atom  of  the  condensation  products  of  the  ortho-  and  p ara-hydroxy  aromatic 
aldehydes  with  quinaldin  gave  these  compounds  the  properties  of  indi- 
cators, but  that  compounds  not  possessing  these  ortho-  or  para-phenol 
groups  did  not  acquire  this  property.  A  little  preliminary  work  was  done 
to  determine  the  suitability  of  these  compounds  to  serve  as  indicators  in 
volumetric  analysis. 

Cincinnati,  O. 


[Contribution  prom  the  Kent  Chemical  Laboratory,  University  of  Chicago.] 

THE    C4-SACCHARINIC    ACIDS.    I.  THE    RESOLUTION    OF    dZ- 

2,3-DIOXYBUTYRIC   ACID    INTO    THE    OPTICALLY-ACTIVE 

COMPONENTS.    THE  DERIVATIVES  OF  THESE  ACIDS. 

By  J.  W.  E.  Glattfbxd  and  George  E.  Miller.1 

Received  July  19,   1920. 

The  saccharinic  acids  are  acids  which  would  result  from  the  oxidation 
of  the  H  —  C  =  O  group  of  an  aldo-monosaccharide   of  the  formula 

CwH,nOw    to  the  O  =   C  —  OH  group  at  the  expense  of  one  of  the 

1  ■  1  i 

H  —  C  —  OH   groups   which   would  be  reduced  to  the   H  —  C  —  H 

I  I 

group.  These  acids  have  the  same  molecular  formula  as  the  correspond- 
ing aldo-monosaccharides  and  may  thus  be  looked  upon  as  the  results  of 
an  internal  oxidation-reduction  reaction.  The  saccharinic  acids  formed 
from  some  of  the  pentoses  and  hexoses  have  been  the  direct  subject  of 
study2  by  Nef  and  his  students  at  various  times,  and  have  also  entered 
into  consideration  in  connection  with  all  the  sugar-oxidation  experiments 
conducted  in  this  laboratory  in  recent  years.  These  oxidations  were 
carried  out  in  alkaline  solution,  under  which  conditions  the  production  of 
saccharinic  acids  was  a  possibility.  In  a  recent  paper  from  this  labora- 
tory8 there  was  reported,  in  the  oxidation  of  maltose  in  alkaline  solution, 
the  production  of  an  acid,  the  phenylhydrazid  of  which  gave  a  perfect 
analysis  for  that  of  a  4-carbon-atom  saccharinic  acid.  The  properties 
of  the  free  acid  furthermore  were  those  which  would  be  expected  of  one  of 
these  acids.     Its  configuration  could  not  be  reported  because  of  lack  of 

1  The  dissertation  of  which  this  paper  is  a  condensation  was  presented  by  George 
E.  Miller  as  part  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy 
in  the  University  of  Chicago.  The  original  dissertation  is  on  file  in  the  University 
library. 

2  Nef ,  Ann.,  376,  1-120  (1910). 
1  This  Journal  40,  973  (19 18). 
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data  as  to  the  properties  and  constants  of  the  4-carbon-atom  saccharinic 
acids. 

Nef  has  referred1  to  the  handicap  which  this  lack  of  data  has  imposed  on 
the  work  with  sugars  in  alkaline  solution.  In  order  to  supply  some  of  this 
deficiency  we  have  attempted  the  preparation  of  the  saccharinic  acids  in  a 
systematic  way  and  have  started  with  the  C4-saccharinic  acids  to  throw 
light  on  the  first  question  of  interest  in  this  connection,  namely,  which 
of  the  possible  optically-active  Crsaccharinic  acids  is  formed  in  the 
oxidation  of  maltose  in  alkaline  solution.  The  present  paper  is  a  report 
on  the  preparation  of  the  first  pair  of  saccharinic  acids,  the  2,3-dioxy- 
butyric  acids.  Work  on  the  preparation  of  the  other  8  active  acids  is 
now  in  progress. 

The  d/-2,3-dioxy-butyric  acid  has  been  prepared  by  Hanriot.*  The 
synthesis  was  repeated  by  Nef8  who  studied  the  acid  in  somewhat  more 
detail  and  reported  a  few  of  its  properties  as  well  as  those  of  the  phenyl- 
hydrazid  and  brucine  salt.  The  constitution  of  the  d/-acid  was  proved  by 
Nef2  by  the  method  of  synthesis  and  by  oxidation  to  malic  acid.  We 
prepared  our  acid  in  accordance  with  the  procedure  of  these  investigators. 
The  analysis  of  the  vacuum-dried  barium  salt  showed  the  substance  to  be 
pure.  The  acid  was  finally  obtained  by  precipitating  the  barium  from  an 
aqueous  solution  of  the  salt  quantitatively  by  means  of  sulfuric  acid. 
The  solution  of  the  acid  was  subjected  to  complete  distillation  in  vacuo 
and  the  acid  was  then  obtained  as  a  slightly  yellow  oil.  It  was  freed 
from  inorganic  salt  by  repeated  solution  in  ethyl  acetate,  and  was  then 
used  in  the  resolution  described  below. 

The  phenylhydrazid  was  made  according  to  Nef  s  directions.8  After 
many  recrystallizations  it  was  found  to  melt  at  100-1010  instead  of  at 
990  as  reported  by  Nef. 

In  order  to  prove  that  the  acid  was  actually  d/-2,3-dioxy-butyric  acid 
it  was  prepared  also  from  vinylacetic  acid  CH2  :  CHCH2COOH  by 
oxidation  with  permanganate.  The  vinylacetic  acid  was  prepared  accord- 
ing to  the  directions  of  Hauber4  and  oxidized  according  to  the  directions 
of  Penschuk.6  The  acid  so  prepared  gave  a  phenylhydrazid  which  melted 
at  100-1010.  A  mixed  melting-point  determination  of  this  phenyl- 
hydrazid with  the  one  from  the  d/-acid  above,  showed  them  to  be  identical. 

Fichter  and  Sonneborn6  also  prepared  the  2,3-dioxy  acid  from  vinyl- 
acetic acid  by  the  above  method  and  state  that  the  acid  is  identical  with 
that  made  by  Hanriot  from  the  a-chlorohydrine.     As  they  base  their 

1  Nef,  Ann.,  376,  9  (1910). 

1  Hanriot,  Ann.  chim.  phys.  [5]  17,  62  (1879). 

*  Nef,  Ann.,  376,  35  (1910). 

4  Hauber,  Ber.f  36,  2897  (1903)- 
1  Penschuk,  Ann.,  283,  109  (1894). 

•  Fichter  and  Sonneborn,  Ber.,  35,  942  (1902). 


Digitized  by  VjOOQIC 


2316  J.   W.  B.  GLATTtfBLD  AND  GEORGE  E.  MIIXER. 

statement  only  on  the  analysis  of  the  barium  salt  for  barium  oxide,  which 
would  obviously  be  the  same  for  the  barium  salts  of  all  dioxy-butyric 
acids,  they  cannot  be  said  to  have  proved  the  identity  of  the  acids  from  the 
two  sources.  It  was,  therefore,  considered  necessary  to  make  the  proof 
of  the  identity  absolute  by  preparing  the  phenylhydrazids  and  proving 
them  identical  before  proceeding  with  further  studies  of  the  acid. 

The  Resolution  of  the  dZ-2,3  Dioxy-butyric  Acid  into  the  Active  Com- 
ponents. 

Brucine,  cinchonine,  quinine  and  strychnine  were  tried  and  brucine 
found  to  be  best  for  the  resolution.  The  brucine  salt  was  made  in  the 
usual  way1  by  adding  a  slight  excess  of  the  alkaloid  to  an  aqueous  solu- 
tion of  the  acid  and  heating  the  mixture  on  the  water-bath.  The  use 
of  an  electrically-driven  mechanical  stirrer  greatly  hastened  the  solution 
of  the  alkaloid. 

Eighty-three  g.  of  the  dZ-acid  and  305  g.  of  brucine  were  heated  in  about 
2  liters  of  water  on  the  boiling  water-bath  until  the  solution  reacted 
alkaline  to  litmus.  Three  g.  of  brucine  did  not  go  into  solution.  After 
extraction  with  benzol  and  subjection  of  the  extracted  solution  to  complete 
vacuum  distillation,  337  g.  of  crude  brucine  salt  was  obtained.  This 
was  treated  with  750  cc.  of  boiling  absolute  alcohol.  Fifteen  g.  of  floccu- 
lent  material  remained  undissolved.  This  material  was  separated  by  hot 
filtration.  The  clear  filtrate  was  allowed  to  stand  overnight  and  deposited 
crystals  which  weighed  58.4  g.  The  mother  liquor  was  subjected  to  com- 
plete vacuum  distillation  at  60 °.  The  residue,  weighing  257.5  g-»  was 
dissolved  in  300  cc.  of  boiling  absolute  alcohol.  This  solution  deposited 
crystals  which  weighed  13.55  g.  The  mother  liquor  from  the  second 
crop  was  subjected  to  complete  vacuum  distillation  at  70  °.  The  residue 
weighed  204  g.  This  was  treated  with  140  cc.  of  boiling  alcohol.  This 
solution  deposited  a  third  crop  of  crystals  which  weighed  54.8  g.  A 
fourth  crop  of  crystals  which  weighed  17  g.  was  obtained  in  the  same 
way  by  treating  the  residue,  which  weighed  141  g.,  with  72  cc.  of  hot 
absolute  alcohol.  The  mother  liquor  from  the  fourth  crop  was  sub- 
jected to  complete  vacuum  distillation.  The  residue  weighed  130  g. 
No  more  crystals  could  be  obtained. 

The  rotations  of  these  4  crops  of  brucine  salts  were  taken  in  exactly 
4%  aqueous  solution.  The  density  of  the  solution  was  considered  to  be 
1. 01 1.    The  following  results  were  obtained. 

r     i20  a  in  one 

Crop.  laJD  •  dcm.  tub*. 

I — 29 .42  — 1 .19 

II —27  95  — II* 

III —27  .95  —1 .  12 

TV — 26.95  — 1.09 

1  This  Journal,  40,  976  (19 18).    Footnote. 
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The  rotation  of  the  successive  crops  of  brucine  salts  convinced  us  that 
a  partial  separation  of  the  d/-acid  into  its  optical  components  had  been 
effected.  Our  next  effort  was,  therefore,  to  obtain  the  less  soluble  brucine 
salt  in  its  purest  form.  Another  quantity  of  crude  brucine  salt  was  pre- 
pared and  recrystallized  as  above.  Again  the  specific  rotation  of  the 
first  crop  was  — 29.42  °.  The  successive  crops  had  approximately  the 
same  rotations  as  the  corresponding  ones  in  the  first  experiment.  The 
salt  with  the  specific  rotation  of  — 29.42  °  was  now  dissolved  in  the  smallest 
possible  quantity  of  hot  absolute  alcohol.  The  solution  deposited  a 
crop  of  crystals  whose  specific  rotation  was  taken.  This  crop  was  again 
dissolved  in  the  smallest  possible  quantity  of  absolute  alcohol  and  allowed 
to  stand  overnight  during  which  time  it  deposited  a  crop  of  crystals, 
which  was  separated  by  filtration  and  dried  to  constant  weight  in  vacuo 
over  sulfuric  acid.  The  rotation  of  this  crop  was  taken.  This  process 
was  repeated  7  times.  The  rotations  of  the  successive  crops  were  in- 
variably between  — 29.180  and  — 29.42 °.  It  was,  therefore,  concluded 
that  the  pure  brucine  salt  of  one  of  the  optical  isomers  had  the  specific 
rotation  of  approximately  — 29.42  °. 

The  Free  Acid  from  the  Brucine  Salt,  [a]}?,  — 29.42  °. — One  hundred 
and  thirty-seven  g.  of  the  brucine  salt,  [<x]d  — 29.42  °,  was  dissolved  in 
about  4  liters  of  hot  water  and  treated  with  a  hot  solution  of  118  g.  of 
crystallized  barium  hydroxide  in  the  usual  way1  to  remove  brucine  from 
its  salts.  After  the  removal  of  brucine  by  filtration  and  extraction  of  the 
filtrate  with  benzol,  the  barium  was  removed  with  sulfuric  acid  and  the 
filtrate  from  the  barium  sulfate  was  subjected  to  complete  vacuum  dis- 
tillation. The  residue  was  taken  up  in  absolute  alcohol  and  the  solution 
was  filtered  to  remove  any  inorganic  salts  present.  The  alcohol  was  com- 
pletely removed  by  distillation  in  vacuo  finally  at  100  °,  and  the  acid  was 
left  as  a  clear  yellow  and  very  mobile  oil. 

The  rotation  of  a  portion  of  this  add  was  then  taken  and  another 
portion  was  titrated.  Other  portions  were  converted  into  the  barium 
and  calcium  salts  and  the  phenylhydrazid. 

Rotation. — The  specific  rotation  of  the  acid  in  approximately  4%  solu- 
tion was  found  to  be  — 8.290,  i.  e.9  2.32  g.  acid  dissolved  in  45.78  g.  water 
gave  a  in  a  one  dcm.  tube  — 0.400.  The  density  of  the  solution  was 
assumed  to  be  1.00  and  the  temperature  was  approximately  20  °. 

Titration. — The  titration  showed  that  the  acid  was  present  largely  as 
lactone.  The  amounts  of  free  acid  and  lactone  were  determined2  and  the 
following  results  obtained. 

1  This  Journal,  40,  981  (1918),  footnote  2. 

*  The  method  of  determining  the  free  acid  and  lactone  in  a  mixture  of  the  two 
is  as  follows.  The  weighed  sample  is  dissolved  as  rapidly  as  possible  in  cold  water  and 
immediately  titrated  to  pink  with  0.1  N  sodium  hydroxide  solution,  using  phenol- 
phthalein  as  indicator.    A  quantity  of  0.1  N  sodium  hydroxide  solution  in  excess  of 
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Weight 

O.lATNaOH 

O.ltf  NaOH 

Total 

Calc.  for  C4 

of  sample. 

for  free  acid. 

for  lactone. 

NaOH  used. 

aaccharinic  acid.* 

G. 

Cc. 

Cc. 

Cc. 

Cc. 

1 0.4765  5.72  39.75  45.47  45.70 

II 0.4843  5.83  40.76  46.59  4647 

a  In  calculating  the  theoretical  cc.  account  must,  of  course,  be  taken  of  the  amounts 
of  free  acid  and  lactone  present  in  the  samples  as  indicated  by  the  titration  figures. 

These  titrations  show  that  about  14.4%  of  the  sample  in  water  solution 
exists  as  free  acid  and  the  rest  as  lactone.  This  agrees  with  Nef  *s  observa- 
tions.1 

The  Barium  Salt. — A  mixture  of  one  g.  of  acid.  3  g.  of  barium  carbonate 
and  75  cc.  of  water  was  heated  to  make  this  salt.  The  salt  was  gummy 
and  could  not  be  made  to  crystallize  except  by  triturating  with  absolute 
alcohol.  There  was  obtained  0.4  g.  of  the  vacuum-dried  salt ;  [a]o  + 1 .48  °, 
i.  e.t  0.4  g.  salt  in  9.6  g.  water  gave  a  +0.03  °  in  a  half -decimeter  tube. 

The  Calcium  Salt. — A  mixture  of  1.2  g.  of  acid,  3  g.  of  calcium  carbonate 
and  75  cc.  of  water  was  heated  to  make  this  salt.  It  became  crystalline 
only  when  triturated  with  absolute  alcohol.  There  was  obtained  0.4  g. 
of  vacuum-dried  salt;  rotation,  [a]™  +2.47 °,  i.  e.t  0.4  g.  of  salt  in  9.6  g. 
water  gave  a  +0.05  °  in  a  half-decimeter  tube. 

The  Phenylhydrazid. — A  mixture  of  1.75  g.  of  acid,  2  cc.  of  phenyl- 
hydrazine  and  2  cc.  of  ethyl  acetate  gave,  in  the  usual  way  3.15  g.  of  the 
crude  phenylhydrazid.  This  was  recrystallized  from  18  cc.  of  ethyl 
acetate  and  gave  one  g.  of  phenylhydrazid  with  the  melting  point  of  102- 
103 °.  This  was  recrystallized  from  3.7  cc.  of  ethyl  acetate  and  gave  0.75 
g.  of  crystals  with  a  melting  point  of  102-103  °.  The  specific  rotation  of 
this  compound  was  found  to  be  +1.710,  i.  e.t  0.54  g.  in  12.06  g.  of  water 
gave  a  +0.07  °  in  a  one  dcm.  tube. 

The  Free  Acid  from  the  Non-crystallizable  Brucine  Salt. — The  mother 
liquor  from  the  4  crops  of  crystalline  brucine  salts  was  subjected  to  com- 
plete vacuum  distillation  at  60  °  and  gave  a  residue  which  weighed  130  g. 
as  mentioned  above.  The  brucine  was  set  free  in  the  usual  way  and 
x5«25  g«  °f  a  light  brown  ether-soluble  oil  was  obtained.  The  specific 
rotation  of  this  acid  was  determined  as  +7.1 8°,  i.  e.t  1.65  g.  of  acid  in 
39.6  g.  of  water  gave  a  +0.287  °  in  a  one  dcm.  tube.  As  the  specific 
rotation  of  the  optical  isomer  of  the  acid  from  the  brucine  salt  rotating 
— 29.42 °  should  be  +8.290,  the  acid  now  under  consideration  was  evi- 

the  calculated  amount  is  then  added  and  the  mixture  heated  on  the  boiling  water-bath 
for  15  minutes.  It  is  then  cooled  and  a  measured  quantity  of  0.1  N  hydrochloric  add 
is  added  to  acid  reaction  and  the  mixture  boiled  to  expel  carbon  dioxide.  It  is  again 
cooled  and  the  excess  hydrochloric  acid  is  determined  with  0.1  N  sodium  hydroxide, 
solutipn.  The  quantity  of  sodium  hydroxide  solution  added  at  first  in  the  cold  de- 
termines the  amount  of  free  acid  present  and  the  remainder  added  determines  the 
quantity  of  lactone. 

lAnn.,  376,  3$  (1910). 
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dently  still  contaminated  with  some  of  the  racemic  acid.  It  was,  there- 
fore, converted  into  the  barium  salt.  The  15.25  g.  of  acid  yielded  14.8 
g.  of  the  vacuum-dried  barium  salt.  This  salt  had  a  specific  rotation 
of  — 1480,  i.  e.f  one  g.  of  salt  in  24  g.  of  water  gave  a  — 0.03  °.  This 
indicates  that  the  salt  was  pure,  as  this  rotation  is  equal  and  opposite  to 
that  of  the  barium  salt  from  the  crystalline  brucine  salt.  The  gum  was 
set  free  from  this  salt  and  purified  in  the  usual  way.  The  weight  of  free 
acid  was  6  g.     It  was  a  light  yellow  mobile  oil. 

The  rotation  of  a  portion  of  this  acid  was  taken,  another  portion  was 
titrated  and  another  portion  was  converted  into  the  phenylhydrazid  with 
the  following  results. 

The  Rotation. — The  specific  rotation  of  the  acid  was  found  to  be  +8.000, 
i.  e.t  0.83  g.  of  acid  dissolved  in  19.92  g.  of  water  gave  a  +0.32  °  in  a  one 
dcm.  tube. 

The  Titration. — A  titration  of  another  portion  of  the  acid  gave  the 
following  results.  Only  one  titration  was  made  because  of  the  small 
amount  of  acid  available. 


Weight 

0.1  N  NaOH 

0.1  tf  NaOH 

Calc.  for  C* 

of  sample. 

for  free  acid. 

for  lactone. 

Total. 

saccharinic  add. 

G. 

Cc. 

Cc. 

Cc. 

Cc. 

0.4014  6.18  31.93  38.11  38.18 

The  Phenylhydrazid. — This  compound  was  obtained  only  as  a  gum, 
very  soluble  in  ethyl  acetate. 

Determination  of  the  Configuration  of  the  Two  Optical  Isomers. — 
The  foregoing  data  prove  that  the  d/-2,3-dioxy-butyric  acid  had  been 
separated  into  the  pure  dextro-  and  levo-rotating  components.  The 
next  step  in  the  problem  was  to  assign  the  proper  configuration  to  each 
of  the  new  acids.  It  was  shown  that  the  dioxy  acid  which  rotated  — 8.29  ° 
could  be  oxidized  to  natural,  levo-rotating,  malic  acid.  The  malic  acids 
were  shown  by  Fischer1  to  have  the  configurations 

COOH  COOH 

I  I 

HO  —  C  —  H  H  — -  C  —  OH 

I  and  I 

H  —  C  —  H  H  —  C  —  H 

I  I 

COOH  COOH 

/-malic  or  natural  malic  acid.  d- malic  acid. 

Of  the  two  2,3-dioxy-butyric  acids  under  consideration  only  one  could 
give  /-malic  acid  by  oxidation,  namely  the  one  with  the  configuration  I 
(see  below) .  The  acid  which  rotates  — 8.29  °  then  must  have  this  configura- 
tion as  it  gives  /-malic  acid  and  must,  therefore,  be  called  /-2,3-dioxy- 
butyric  acid  while  the  acid  which  rotates  +8.000  must  have  the  con- 
figuration II  (see  below)  and  must  be  called  d-2,3-dioxy-butyric  add. 
»  Ber.t  29,  1378  (1896). 
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CH,OH  CH,OH 

I  I 

HOCH  HCOH 

I  I 

HCH  HCH 

I  I 

COOH  COOH 

(I).  (ID. 

The  experimental  evidence  for  these  conclusions  follows. 

Nef1  has  reported  on  the  oxidation  of  d/-2,3-dioxy-butyric  acid  to 
d/-malic  acid.  We  repeated  Nef  s  work.  As  our  procedure  differed 
somewhat  from  Nef  s  it  is  given  below. 

The  dZ-dioxy-butyric  acid  is  treated  with  10  times  its  weight  of  nitric 
acid  of  sp.  gr.  1.305  and  heated  for  2  hours  at  65  °  in  a  water-bath.  The 
reaction  mixture  is  subjected  to  complete  vacuum  distillation  at  a  tem- 
perature not  exceeding  65  °.  The  residue — a  yellow  gum — is  dissolved  in 
10  to  12  times  its  weight  of  cold  water.  This  solution  is  treated  with  an 
excess  of  calcium  carbonate  and  this  mixture  shaken  for  10  to  15  minutes. 
The  excess  of  calcium  carbonate  is  then  removed. by  suction  nitration. 
The  filtrate  is  now  concentrated  by  boiling  to  about  V*  its  volume  during 
which  process  the  normal  calcium  malate  separates.2  To  obtain  the  free 
d/-malic  acid  the  vacuum-dried  salt  is' suspended  in  a  large  volume  of 
hot  water  and  the  necessary  quantity  of  oxalic  acid,  calculated  on  the 
basis  of  an  analysis  of  the  vacuum-dried  salt,  is  added  in  hot  solution. 
The  mixture  is  kept  on  the  boiling  water-bath  for  3  hours  and  frequently 
shaken.  It  is  then  cooled  and  the  calcium  oxalate  is  separated  by  filtra- 
tion. The  filtrate  is  subjected  to  complete  vacuum  distillation  finally  at 
ioo°.  The  residue  is  extracted  3  times  with  boiling  ether.  The  com- 
bined filtered  ether  solution  is  completely  evaporated,  finally  on  the 
water-bath.  The  residue  is  placed  in  vacuo  over  sulfuric  acid  until  the 
weight  is  constant  when  the  malic  acid  remains  as  white  scales.  It  was 
proved  by  experiment  that  malic  acid  itself  is  not  appreciably  oxidized 
under  the  above  procedure. 

Five  and  two-tenths  g.  of  the  2,3-dioxy-butyric  acid  [a]™  — 8.29,  was 
now  oxidized,  following  the  above  procedure  in  every  detail,  and  a  total  of 
2.15  g.  of  insoluble  calcium  salt  was  obtained.  Part  of  this  insoluble 
calcium  salt  was  used  for  analysis  for  calcium  oxide  (see  below)  and  the 
acid  was  obtained  from  the  rest,  t  The  weight'of  acidobtained  was  0.5 1 27  g. 
This  will  be  referred  to  hereafter  as  "free  add." 

The  proof  of  the  identity  of  this  insoluble  salt  with  the  calcium  salt  of 
pure  natural  malic  acid  and  of  the  identity  of  the  "free  acid"  with  pure 
natural  malic  acid  was  brought  by  comparing  the  analyses  of  the  2  cone* 

1Ann.t  376,  36  (1910). 
*Ibid.f  233,  168  (1886). 
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sponding  vacuum-dried  calcium  salts,  and  the  melting  points,  the  specific 
rotations  and  the  titration  of  the  2  corresponding  acids.  The  natural 
malic  acid  was  recrystallized  from  ether.  Part  of  it  was  then  dried  in 
vacuo  over  sulfuric  acid  and  part  was  converted  into  the  normal  calcium 
salt  by  the  procedure  described  above. 

Analysis  of  the  Calcium  Salts. — The  first  2  analyses  were  of  the  salt 
obtained  by  oxidizing  the  2,3-dioxy-butyric  acid,  the  last  2  of  the  salt  of 
pure  natural  malic  acid. 

Subs.,  0.2025,  0.2197,  0.2070,  0.1639:  CaO,  0.661,  0.0712,  0.0670,  0.0530. 
Calc.  for  CiHiO*Ca:  CaO,  32.56.    Pound:  32.65,  3240,  32.36,  32.28. 

Melting  Points. — The  melting  points  of  the  "free  acid,"  the  pure  natural 
malic  acid,  and  a  mixture  of  the  two  are  as  follows:  Melting  point  "free 
acid,"  960;  natural  malic  acid,  950;  mixture,  95-960. 

The  Rotations. — The  specific  rotations  of  the  "free  acid"  and  of  the 
natural  malic  acid  were  taken  with  the  following  results. 

0.51 17  g.  of  "free  acid"  in  12.3931  g.  water  gave  a  — 0.130  in  a  one  dcm.  tube. 
0.6588  g.  of  natural  malic  acid  in  15.8939  g.  water  gave  a  — 0.126  in  a  one  dcm. 
tube. 

lafS  of  "free  acid."  [aft0  of  natural  acid. 

—3.460  —3.180 

The  Titrations. — Samples  of  the  "free  acid"  and  of  the  natural  add 
were  titrated  with  the  following  results. 

Weight  0.1  N  NaOH  for  neutralization. 

of  sample.  *  A    ■     ■  - * 

G.  Pound.   Cc  Calc  Cc 

I OI533  22.91  22.83 

II O.II77  17  38  17.57 

III O.1671  24.77  24.94 

The  first  and  second  titrations  were  made  with  the  "free  acid"  and  the 
third  titration  was  made  with  the  natural  acid. 

Summary* 

d/-2,3-Dioxy-butyric  acid  from  glycerol-a-monochloro-hydrine  has  been 
prepared.  Proof  of  the  structure  of  d/-2,3-dioxy-butyric  acid  is  given  by 
its  preparation  from  vinyl-acetic  acid,  CH*  :  CH.CHjCOOH.  The 
resolution  of  the  <U-add  into  the  optical  components  by  the  use  of  brucine 
is  reported.  Configurations  are  assigned  to  the  2  forms  of  the  acid  and 
proofs  of  the  correctness  of  these  configurations  given.  The  following 
specific  rotations  for  the  d-  and  /-forms  of  the  acid  and  some  of  the  deriva- 
tives are  given. 

Free  add.  Barium  salt.  Calcium  salt.  Pfaenylhydrasid. 

d-form +8 .00°  — 1.480  

/-form —8. 290                 +1.480  +2 .47°                 +1.710 

Chicago,  Ilunob. 
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[Contribution  from  thb  Kent  Chbmicai,  Laboratory,  University  of  Chicago.] 

THE    PREPARATION    OF    OPTICALLY  ACTIVE    HYDRAZINES. 

I.    THE   PREPARATION    OF   dJ-p-TRIMBTHYLETHYL- 

PHBNYLHYDRAZINE.    THE  ISOLATION   OF 

PURE  d -^-TRIMETHYLETHYL-ANILINE. 

By  J.  W.  E.  Glattfbld  and  C.  H.  Miixigan.1 
Received  July  19,  1920. 

In  connection  with  the  preparation  of  the  optically-active  Crsacchar- 
inic  acids  undertaken  in  this  laboratory  it  was  found  that  success  depended 
in  each  case  on  the  ability  to  resolve  the  d/-acid  into  the  components  by 
means  of  optically-active  alkaloids.  Such  separations  are  usually  very 
tedious,  require  many  recrystalHzations,  and  sometimes  leave  one  in  doubt 
as  to  whether  a  complete  separation  has  actually  been  effected.  It  has 
seemed  highly  desirable,  therefore,  to  make  available  other  reagents  than 
the  alkaloids  for  such  work. 

Phenylhydrazine  is  known  to  form  with  many  oxy  acids  easily  crystal- 
lizable  compounds,  the  phenylhydrazids.  Some  of  the  homologs  such  as 
tolyl-hydrazine  form  at  times  even  more  easily  crystallizable  compounds. 
It  was  thought,  therefore,  that  an  optically-active  phenylhydrazine  might 
be  a  possible  substitute  for  the  alkaloids  when  the  latter  do  not  give  good 
results  or  when  there  is  any  doubt  as  to  the  completeness  of  the  resolu- 
tions. 

A  search  in  the  literature  of  optically-active  hydrazines  disclosed  the 
fact  that  only  3  such  compounds  have  been  prepared,  namely,  d-a-opti- 
cally-active  amyl-phenylhydrazine;*  /-a-ethyl-menthylhydrazine,a  and 
/-menthylhydrazine.4  The  few  known  derivatives  of  these  substances 
indicated  that  they  might  be  very  helpful  in  work  with  the  oxyacids. 

None  of  the  hydrazines  mentioned  above  was  available,  however,  and 
it  was  decided  to  attempt  the  preparation  of  a  number  of  racemic  phenyl- 
hydrazines,  and  the  resolution  of  these  into  active  isomers  in  the  hope  that 
in  this  work  some  fairly  easily-prepared  active  hydrazine  would  be  dis- 
covered which  could  be  used  as  a  reagent  in  the  separation  of  the  sac- 
charide acids  to  supplement  the  alkaloids. 

The  present  paper  is  the  report  of  an  attempt  to  prepare  the  first  pair 
of  these  hydrazines  decided  upon,  namely,  the  active  trimethylethyl- 
phenylhydrazines.    The  hydrazine  in  its  dl  form  was  prepared,  but  all 

1  The  dissertation  of  which  this  paper  is  a  condensation  was  presented  by  C.  H. 
Milligan  as  part  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy 
in  the  University  of  Chicago.  The  original  dissertation  is  on  file  in  the  University 
library. 

»  Ber.,  38,  867  (1905). 

*  /.  Russ.  Phys.  Chem.  Soc,  27,  534  (1896). 

4  J.  prakt.  Chem.,  II,  52,  425  (1895). 
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attempts  to  resolve  it  into  the  components  failed,  due  largely,  we  think, 
to  the  instability  of  the  free  hydrazine  in  the  air  under  ordinary  conditions. 
The  instability  of  the  dl  form  suggested  that  the  active  components  would 
also  be  very  unstable  and  thus  be  useless  as  reagents.  On  the  other  hand, 
some  of  the  derivatives  of  the  dl  form  (see  below)  are  perfectly  stable 
compounds,  and  it  was  thought  possible  that  the  derivatives  of  the  active 
forms  would  also  be  stable.  We  therefore  decided  to  proceed  with  at- 
tempts to  obtain  the  active  forms.  After  much  experimentation  one  of 
the  amines,  d-^-trimethylethyl-aniline,  was  obtained  in  the  pure  condi- 
tion. It  was  intended  to  prepare  from  this  the  corresponding  active 
phenylhydrazine  by  diazotization  and  reduction  but  time  was  lacking  to 
complete  this.  This  work  will  be  continued,  however,  as  soon  as  oppor- 
tunity offers  and  attempts  will  be  made  to  prepare  other  active  phenyl- 
hydrazines. 

Experimental  Part. 
This  paper  is  a  report  on  the  preparation  of  <#-£-trimethylethyl-phenyl- 
hydrazine. 

H      H  H      H 

I         I        /-v  I  I 

H,C  —  C  —  C  —  <        >  —  N  —  N  —  H 

CHt  CH, 

In  order  to  prepare  this  substance,  it  was  necessary  first  to  prepare,  in 
turn,  the  following  corresponding  compounds:  (i)trimethylphenyl-ethyl-  • 
ene;  (2)  trimethylethyl-benzene;  (3)  p-trimethylethyl-nitrobenzene;  (4)^- 
trimethylethyl-aniline. 

Only  the  second  of  these  compounds  is  mentioned  in  the  literature,  under 
the  name  of  s*C0ttdary-amyl-benzene.1  It  seems  probable  in  the  light  of 
our  experiments,  however,  that  the  compound  there  discussed  was  tertiary- 
amyl-benzene. 

For  purposes  of  report,  the  work  done  and  results  obtained,  will  pos- 
sibly be  most  easily  followed  if  we  discuss,  in  the  order  in  which  they  are 
listed  above,  the  preparation  of  the  necessary  compounds. 

1.  Trimethylphenyl-ethylene. — This  compound   was  prepared  from 
magnesium  x'50-propyl  iodide  and  acetophenone  by  a  modification  of  the 
method  used  by  Klages1  devised  by  Grignard.8    The  magnesium  iso- 
propyl  iodide  was  made  in  the  usual  way  with  all  ordinary  precautions 
by  carefully  dropping  tstf-propyl  iodide  into  ether  containing  magnesium 
turnings.    The  ether  was  stirred  constantly  by  a  mechanical  stirrer  and 
kept  cold.    At  the  end  of  the  reaction  the  solution  was  allowed  to  come 
to  the  temperature  of  the  room  and  was  then  forced  away  from  the  re- 
1  Ann.  Chim.  phys.,  [6)  1,  434  (1884);  Monatsh.,  9,  622  (1888). 
1  Klages,  Ber.,  35>  2641  (1902);  33,  439  (1900). 
*  Grignard,  Compt.  rend.,  130,  1322  (1900). 
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maining  magnesium  turnings  and  into  another  flask  properly  fitted  up 
and  protected  against  moisture,  etc. 

Acetophenone  was  then  carefully  dropped  into  the  solution  with  stirring. 
The  end  of  the  reaction  was  reached  when  the  heat  of  reaction  was  not 
sufficient  to  keep  the  solution  boiling.  We  found  this  condition  to  pre- 
vail after  about  l/%  the  theoretical  amount  of  acetophenone  had 
been  added.  It  had  been  found  in  preliminary  experiments  that  further 
addition  of  acetophenone  did  not  increase  the  yield  and  could  be  recovered 
unchanged.  The  mixture  was  then  kept  at  the  boiling  temperature, 
with  stirrer  operating,  for  from  2  to  3  hours.  The  ether  was  then  distilled 
off,  after  which  the  thick  pasty  residue  was  heated  on  the  boiling  water- 
bath  for  from  4  to  6  hours.  The  mass  was  then  allowed  to  cool,  the 
stirrer  started  and  water  carefully  added  from  the  dropping  funnel.  When 
all  the  mass  had  been  completely  hydrolyzed,  the  mixture  was  extracted 
3  or  4  times  with  ether.  The  ether  solution  was  dried  with  sodium  sul- 
fate and  fractionated.  The  part  which  boiled  between  1 75-200  °  was  col- 
lected.   This  fraction  weighed  1 25  g.  when  100  g.  of  acetophenone  was  used. 

In  order  to  isolate  the  hydrocarbon  in  a  pure  state,  this  fraction  (175- 
200 °)  was  refractionated  and  the  part  which  boiled  at  187-1880  collected. 
This  fraction,  in  alcohol,  was  treated  with  phenylhydrazine,  and  the 
hydrazone  of  acetophenone,  formed  on  standing,  was  removed  by  filtra- 
tion. The  filtrate  was  fractionated  at  18  mm.  pressure  and  the  fraction 
of  boiling  range  75-95  °  was  dissolved  .in  a  little  dry  ether  and  treated 
with  dry  hydrogen  chloride  to  remove  phenylhydrazine.  The  filtrate 
from  the  phenylhydrazine  hydrochloride  was  subjected  to  repeated  frac- 
tionation and  gave  finally  5.6  g.  of  a  colorless  liquid  which  boiled  at  187- 
1880.  The  analysis  of  samples  of  this  liquid  showed  that  the  compound 
thus  prepared  was  not  methyl-is0-propyl-phenyl-carbinol,  but  trimethyl- 
phenyl-ethylene. 

Subs.,  0.1167,  0.1217:  COj,  0.3871,  0.3982;  HiO,  0.0989,  0.1032. 

Calc.  for  CnHi«:  C,  90.35;  H,  9.65.    Found:  C,  90.60,  90.70;  H,  9.40,  9.44. 

2.  Trimethylethyl-benzene. — The  next  step  was  to  reduce  the  un- 
saturated hydrocarbon  to  the  saturated  one.  One  hundred  and  twenty-five 
g.  of  the  crude  trimethyl-phenyl-ethylene  (boiling  range  1 75-200  °)  was 
treated,  in  a  flask  fitted  with  a  wide  reflux  condenser,  with  30  g.  of  red 
phosphorus  and  50  cc.  of  a  saturated  solution  of  hydrogen  iodide.  The  re- 
action mixture  was  heated  to  boiling  and  iodine  added  carefully  in  small 
portions  through  the  condenser  until  fumes  due  to  escaping  hydrogen  iodide 
were  visible  at  the  top  of  the  condenser.  The  mixture  was  kept  boiling  until 
the  color  due  to  iodine  in  the  hydrocarbon  disappeared.  The  reaction  mix- 
ture was  now  subjected  to  distillation.  The  distillate  formed  2  layers  of 
almost  equal  volume  of  which  the  lower  was  hydriodic  acid,  the  upper 
almost  pure  hydrocarbon.    The  layers  were  separated,  the  hydriodic  acid 
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returned  to  the  reaction  flask,  and  again  distilled.    This  process  was  re- 
peated as  long  as  any  hydrocarbon  separated  in  the  distillate. 

The  hydrocarbon  was  then  washed  with  water  and  dil.  sodium  hydrox- 
ide solution  and  dried  first  by  calcium  chloride  and  finally  over  melted 
sodium  which  removed  also  the  last  trace  of  iodine,  and  then  fractionated. 
That  portion  (40  g.)  boiling  at  1 80-1 90  °  was  used  for  the  subsequent 
preparations,  a  part  being  refractionated  a  number  of  times  in  order  to 
get  a  pure  product.    The  fraction  boiling  at  186-188 °  was  considered  pure. 

Analysis  of  a  sample  of  this  product  (186-1880)  gave  the  following 
results: 

Subs.,  o.x688:  CO*  0.5503;  HtO,  0.1602, 

Calc.  for  CiiHM:  C,  89.12;  H,  10.88.    Pound:  C,  88.9;  H,  10.69. 

3.  ^Trimethylethyl-nitrobenzene. — Forty  g.  of  trimethylethyl-ben- 
zene  boiling  at  180-1900  was  dissolved  in  24  g.  of  glacial  acetic  acid  and 
added  dropwise  to  a  constantly  stirred  mixture  of  40  g.  of  glacial  acetic  acid1 
and  88  g.  of  fuming  nitric  acid  kept  at  35-40  °.  After  the  addition,  the 
contents  of  the  flask  were  kept  at  50  °  for  3  hours,  cooled  and  poured  into 
twice  the  volume  of  cold  water.  The  nitro  compound  thus  obtained  was 
extracted  with  low-boiling  ligroin,  and  the  ligroin  extract  repeatedly  shaken 
with  water  and  finally  with  a  small  amount  of  sodium  carbonate  solution 
and  then  dried  over  sodium  sulfate  and  fractionated.  A  yield  of  46  g. 
of  nitro  compound,  boiling  range  140-155  °  at  20  mm.  pressure,  was  ob- 
tained.2 After  a  number  of  fractionations,  this  gave  30  g.  boiling  at 
1 52-1 540  under  20  mm.  pressure.  This  fraction  was  considered  pure 
substance  and  was  used  for  analysis  and  for  the  determination  of  the 
position  of  the  nitro  group. 

Subs.,  0.2147:  CO*,  0.5423;  HiO,  0.1508. 

Subs.,  0.2557,  0.2835:  Ni,  18.2  cc.  (290  and  737.4  mm.),  19.1  cc.  (25  °  and  736.9 
mm.). 

Calc.  for  CuHhNOj:  C,  68.38;  H,  7.80;  N,  7.29.  Pound:  C,  68.37;  H,  7.8;  N, 
7.51.  7  44. 

Position  of  the  Nitro  Group. — One  g.  of  the  compound  was  treated 
in  the  usual  way8  with  10  g.  of  chromic  acid  dissolved  in  25  cc.  of  5  N 
acetic  acid.  This  mixture  was  allowed  to  stand  for  24  hours  on  a  steam- 
bath,  and-  gave,  after  filtration,  solution  in  sodium  hydroxide  and  repre- 
cipitation  with  hydrochloric  acid,  0.7  g.  of  crude  substance  with  melting 
range  228-230 °.    After  recrystallization  from  water,  the  crystals  had  a 

1  Ann.,  327,  224  (1903). 

*  From  the  fraction  which  had  the  boiling  range  130-132°  there  was  obtained  a 
small  amount  of  white  crystalline  solid  which  had  a  melting  point  of  114-115°.  In 
repetitions  of  the  nitration  crystals  of  the  same  melting  point  were  usually  obtained 
from  this  fraction.  The  almost  invariable  production  of  this  compound  led  to  the  con- 
clusion that  it  was  the  0-nitro-compound, 

1  Weyl,  "Die  Methoden  der  Organischen  Chemie,"  2909,  Vol.  I,  518. 
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sharp  melting  point  of  236  °.  A  sample  of  ^-nitrobenzoic  acid  at  hand 
melted  sharply  at  2360.  Furthermore  a  mixed  melting-point  determina- 
tion proved  the  two  to  be  identical.  The  compound  oxidized,  therefore, 
had  the  nitro  group  in  the  para  position  to  the  trimethylethyl  group. 

4.  f-Trimethylethyl-aniline. — A  mixture  of  23  g.  of  the  nitro  com- 
pound, 36  g.  of  tin  and  75  cc.  of  cone,  hydrochloric  acid  was  warmed  to 
100  °,  kept  near  this  temperature,  and  very  frequently  shaken  until  the  odor 
of  the  nitro  compound  had  almost  entirely  disappeared.  The  remaining 
nitro  compound  was  removed  by  steam  distillation.  The  residue  was 
made  alkaline  with  sodium  hydroxide,  although  a  large  excess  of  alkali 
is  to  be  avoided.  The  aniline  was  extracted  with  low-boiling  ligroin, 
dried  over  anhydrous  sodium  carbonate,  and  fractionated  repeatedly  at 
18  mm.  pressure.  There  was  obtained  finally  16  g.  of  a  colorless  oil  of 
boiling  range  1 29-1 31  °  at  18  mm.  pressure. 

That  the  substance  was  the  pure  aniline  was  proved  by  the  analysis 
of  samples  for  nitrogen. 

Subs.,  0.1853,  0.2225  g.:N2,  14.5  cc.  (22 °  and  736.6  mm.),  17.46  cc.  (i9°and  731-3 
mm.). 

Calc.  for  CnHnN:  N,  8.57.    Found:  8.76.  8.75- 

5.  ci^p-Trimethylethyl-phenylhydrazine. — This  compound  was  made 
by  a  modification  of  the  method  of  Fischer.1  Fifteen  g.  of  the  aniline  was 
diazotized,  forming  a  gelatinous  mass  which  was  added  in  small  amounts 
to  a  cold  solution  of  sodium  sulfite.  A  light  yellow  crystalline  solid  was 
obtained.  The  cold  reaction  mixture  was  treated  with  zinc  dust  and 
acetic  acid  until  the  yellow  color  had  disappeared.  The  sulfonate  thus 
obtained  was  filtered  off,  together  with  the  excess  of  zinc  dust,  etc.,  and 
purified  by  crystallization  from  hot  water,  giving  19  g.  of  white  plates 
which  decomposed  when  heated  to  1900. 

The  hydrochloride  of  the  hydrazine  was  prepared  by  dissolving  the 
sulfonate  in  a  small  amount  of  boiling  water  and  passing  hydrogen  chloride 
into  this  hot  solution.  As  the  solution  cooled,  the  hydrochloride  crystal- 
lized out  in  rosets  of  fine  white  needles  which  were  perfectly  stable  when 
dry. 

The  hydrochloride  was  dissolved  in  water  and  treated  with  sodium 
hydroxide.  The  solution  was  extracted  with  ether  and  the  ether  removed 
by  distillation.  The  hydrazine  separated  out  in  fine  needles  as  the  residue 
cooled.  This  residue  was  subjected  to  distillation  at  9  mm.  pressure  in 
an  atmosphere  of  hydrogen.  There  was  thus  obtained  9  g.  of  a  slightly 
yellow  compound  of  boiling  range  147-1500  at  9  mm.  which  soon  entirely 
solidified.  The  solid  had  a  melting  point  of  about  60  °,  and  was  soluble 
in  alcohol,  ligroin,  benzene  but  less  soluble  in  ether  than  in  any  of  these. 
In  contact  with  the  air  a  part  of  this  solid  soon  turned  red  and  in  the 
1  Ann.,  190,  78  (1877). 
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course  of  a  few  hours  liquefied.    When  this  substance  is  kept  in  an  atmo- 
sphere of  hydrogen,  decomposition  takes  place  very  slowly,  if  at  all. 

Samples  of  this  solid  were  quickly  weighed  and  analyzed,  with  the  fol- 
lowing results: 

Subs.,  0.2085,  0.0698  g.:  Ni,  28  cc.  (19  °  and  735.2  mm.),  14.9  oc.  (28  °  and  730.25 
mm.). 

Calc.  for  CtiHiiNs:  N,  15.78.    Found:  15.62,  15.66. 

As  stated  above,  it  was  found  impossible  to  resolve  the  hydrazine  into 
the  optical  components.  Several  attempts  were  made  to  do  this  and  some 
data  have  been  accumulated.  It  was  shown,  for  instance,  that  the  hy- 
drazine reacts  with  the  sugars  to  form  hydrazones  or  osazones  and  that 
it  reacts  with  oxyacids  such  as  Z-erythronic,  d-mannonic  and  d-gluconic 
acids.  From  the  study  of  these  derivatives,  however,  it  did  not  seem 
likely  that  the  racemic  hydrazine  could  be  resolved  completely  by  the  use 
of  such  compounds  although  some  evidence  of  resolution  was  obtained. 
The  hydrazine  forms  a  particularly  stable  and  well-crystallizing  com- 
pound, m.  p.  160-163  °,  presumably  the  hydrazid,  with  cf-galactonic  lactone. 
The  Resolution  of  cf/p-Trimethyiethyl-aniline. 

The  resolution  was  finally  accomplished  by  the  use  of  d-oxymethylene 
camphor1  according  to  the  method  of  Pope  and  Read,2  as  follows. 

Sixteen  and  five-tenths  g.  of  the  aniline  was  dissolved  in  25  cc.  of  30% 
acetic  acid  and  added  slowly  and  with  shaking  to  a  solution  of  17.5  g. 
of  d-oxymethylene  camphor  in  70  cc.  of  methyl  alcohol.  The  yellow  oil 
which  separated  out  as  a  lower  layer  was  shaken  a  number  of  times  with 
water,  then  dissolved  in  as  small  a  quantity  of  boiling  alcohol  as  possible 
and  reprecipitated  from  the  cold  solution  with  water.  The  liquid  was 
decanted  after  the  pasty  mass  had  settled  out  completely.  The  latter 
was  stirred  thoroughly  with  dil.  sodium  hydroxide  solution  then  with  water 
and  finally  taken  up  in  a  little  alcohol,  and  placed  in  a  vacuum  desiccator 
over  sulfuric  acid.  After  having  stood  for  2  days,  the  residue  was  a  semi- 
crystalline  mass  weighing  30.9  g.  The  specific  rotation  of  this — pre- 
sumably a  mixture  of  equal  parts  of  the  isomers — was  found  to  be  +  257.5  ° . 
Subs.,  0.6922  in  15.68  g.  of  95%  alcohol  gave  in  a  2  dcm.  tube  a  -f  17.82. 

The  mass  was  now  treated  with  ligroin  until  most  of  the  gummy  ma- 
terial was  removed  and  there  remained  a  slightly  yellow  solid,  which,  after 
having  been  thoroughly  air-dried,  weighed  18.9  g.  and  which  had  a  melt- 
ing range  of  1 56-1 58  °.  This  product  was  twice  recrystallized  from  boil- 
ing alcohol,  and  was  then  perfectly  white.  It  weighed  8.2  g.  A  portion 
of  it  was  dissolved  in  95%  alcohol.  The  specific  rotation  of  this  solution 
was  determined  as  +3000. 

Subs.,  0.6540  in  20  cc.  of  95%  alcohol  gave  in  a  2  dcm.  tube  <*  +19.69°  at  25-26°. 

1  Ann.,  281,  333  (1894). 

9  Pope  and  Read,  /.  Chcm.  Soc.,  9$,  171  (1909). 
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This  product  was  recrystallized  3  times  from  alcohol.  The  specific 
rotation  was  taken  after  each  recrystallization  and  always  found  to  be 
+3000,  indicating  that  the  compound  was  pure.  The  product  now  melted 
sharply  at  1680. 

Pure  d  ^-Trimethylethyl-aniline. — Forty  g.  of  the  product  obtained 
as  indicated  above  was  heated  at  boiling  for  30  hours  with  225  cc.  of 
cone,  hydrochloric  acid  and  then  cooled.  The  liquid  was  decanted  from 
the  solid  and  evaporated  to  dryness  on  a  steam-bath.  The  total  solid  thus 
obtained  was  treated  with  200  cc.  of  strong  sodium  hydroxide  solution  and 
subjected  to  steam  distillation  as  long  as  any  oil  came  over.  The  distil- 
late was  made  acid  and  evaporated  on  the  steam-bath,  the  aniline  set 
free  again  and  distilled  with  steam,  this  process  being  repeated  several 
times  in  order  to  purify  the  aniline.  There  was  finally  obtained  11.6 
g.  of  the  hydrochloride.  This  was  treated  with  an  excess  of  sodium 
hydroxide  solution,  the  aniline  thoroughly  extracted  with  low-boiling 
ligroin  and  the  ligroin  solution  dried  with  sodium  carbonate.  The  ligroin 
was  removed  by  distillation  and  the  residue  distilled  at  24  mm.  pressure. 
The  distillate  had  a  boiling  range  of  139-140 °  and  weighed  8.6  g.  When 
placed  in  a  one  dcm.  tube,  this  oil  gave  a  +0.96  °.  The  hydrochloride 
was  prepared  by  dissolving  the  aniline  in  ligroin  and  passing  in  hydrogen 
chloride.  An  air-dry  sample  of  the  hydrochloride  thus  prepared  had  a 
specific  rotation  of  +0.974. 

Subs.,  1.0294  in  20  cc.  of  water  containing  3  drops  of  cone,  hydrochloric  acid,  gave 
in  a  2  dcm.  tube  a  -f  0.10. 

/-p-Trimethylethyl-aniline. — We  were  unable  to  obtain  the  more 
soluble 'derivatives  of  the  aniline  with  d-oxymethylene  camphor  in  the 
crystalline  condition.  When  the  filtrates  from  the  crystalline  derivative 
were  evaporated  to  dryness  and  dried  over  sulfuric  acid  in  vacuo,  a  few 
more  crystals  of  the  less  soluble  isomer  separated.  These  were  re- 
moved by  treatment  of  the  mass  with  ligroin,  in  which  the  crystals  did 
not  dissolve.  A  gum  was  finally  obtained  which  did  not  deposit  crystals 
on  standing  in  a  vacuum  over  sulfuric  acid  for  10  days,  [a]o  +229,  in 
95%  alcohol.  The  aniline  from  this,  obtained  as  above,  boiled  at  139- 
1400  and  gave  a  +0.76  when  placed  in  a  one  dcm.  tube.  The  hydro- 
chloride gave  [a  ]d  +0.565.  These  figures  show  that  the  aniline  was  not 
perfectly  pure. 

Summary. 

dZ-^-Trimethylethyl-phenylhydrazine,  and  d/-^-trimethylethyl-aniline 
have  been  prepared,  some  of  their  properties  determined  and  the  latter 
partly  resolved  into  the  two  optical  isomers.  The  hydrazine  was  pre- 
pared from  acetophenone  and  magnesium-isopropyl-iodide  and  making, 
successively,  trimethyl-phenyl-ethylene,  trimethylethyl-benzene,  p-tri- 
methylethyl-nitrobenzene,  />-trimethylethyl-aniline. 

Chicago,  Illinois. 
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In  an  endeavor  to  correlate  the  chemical  reactions  of  hydrocarbons  and 
to  determine  the  factors  which  influence  the  activity  of  hydrogen  atoms 
in  organic  compounds,  the  conclusion  was  drawn  that  unsaturated  radicals 
and  aryl  radicals  have  approximately  the  same  activating  influence  on 
certain  hydrogen  atoms  in  compounds  containing  these  groups.  The 
ability  of  a  hydrogen  atom  joined  to  a  carbon  atom  to  enter  into  a  con- 
densation of  a  definite  type  is  dependent  on  the  nature  of  the  groups  with 
which  the  carbon  atom  is  linked.  These  groups  differ  in  weight,  neg- 
ativity, unsaturation,  and  form  as  represented  by  the  stereo-chemical 
effect  and  chain  or  ring  structure;  and  they  differ,  no  doubt,  in  other 
respects  not  understood  at  present.  It  is  highly  probable  that  what  is 
commonly  called  negativity  is  a  factor  of  the  greatest  importance.  A 
study  of  the  effect  of  the  change  in  the  negativity  of  the  substituting 
radicals  in  compounds  of  a  definite  type  on  the  activity  of  the  carbon- 
hydrogen  bond  has  led  to  interesting  results,  and  has  suggested  subjects 
for  research  which  will  throw  additional  light  on  the  influence  of  structure 
on  the  chemical  behavior  of  organic  compounds. 

The  work  described  below  was  undertaken  as  a  result  of  the  fact  that 
the  vinyl  and  phenyl  groups  produce  in  compounds  of  different  types  the 
same  general  effect  on  the  activity  of  certain  atoms  in  these  compounds. 
At  present  the  best  quantitative  means  of  comparing  the  negativity  of 
radicals  is  the  ionization-constants  of  acids  which  contain  these  groups. 
The  ionization-constant  of  benzoic  acid  is  6.6  X  io*~*  and  that  of  acrylic 
acid  is  5.6  X  io~6.  These  figures  indicate  that  when  the  hydrogen  atom 
in  formic  acid  is  replaced  by  a  phenyl  or  a  vinyl  radical  acids  are  obtained 
which  differ  but  slightly  in  activity  as  measured  by  their  ionization  in 
water.  If  such  activity  is  traceable  to  negativity  the  2  radicals  differ 
but  slightly  in  this  quality.  A  comparison  of  the  reactions  of  a  number 
of  compounds  containing  a  phenyl  radical  and  analogous  compounds 
containing  a  vinyl  radical  brought  out  the  fact  that  the  effect  of  these  2 
groups  was  markedly  similar.  For  example,  vinyl  bromide  and  phenyl 
bromide  in  many  reactions  behave  alike.  In  both  cases  the  halogen  is 
relatively  inactive  towards  reagents  with  which  ethyl  bromide  and  other 
saturated  alkyl  halides  react.  Again,  the  activity  of  the  hydroxyl  group 
in  benzyl  alcohol  and  that  of  the  same  group  in  allyl  alcohol  are  strikingly 
alike  in  many  respects.  While  methyl  alcohol  is  not  converted  into  methyl 
chloride  in  an  open  vessel  by  aqueous  hydrochloric  acid,  benzyl  alcohol, 
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CflH6.CH,OH,  and  allyl  alcohol,  CH,  -  CH.CH2OH,  yield  the  chloride 
under  these  conditions.  The  activation  produced  by  the  2  radicals, 
phenyl  and  vinyl,  appear  in  this  case  to  be  similar. 

From  the  above  it  appeared  possible  that  a  hydrogen  atom  in  ethylene 
and  one  in  benzene  might  show  similar  reactivity  since  in  the  first  case 
the  atom  is  linked  to  vinyl  and  in  the  second  to  phenyl.  It  seemed  worth 
while  to  test  this  view.  The  most  characteristic  reaction  of  aromatic 
hydrocarbons  is  perhaps  their  ability  to  condense  with  acyl  or  alkyl 
halides  in  the  presence  of  aluminum  chloride.  The  Friedel-Crafts  re- 
action has  been  applied  almost  exclusively  to  aromatic  hydrocarbons 
and  their  derivatives.  Accordingly,  an  attempt  was  made  to  condense 
benzoyl  chloride  with  ethylene  in  the  presence  of  aluminum  chloride. 
Benzoyl  chloride  was  chosen  as  it  enters  smoothly  into  condensations 
of  the  type  to  be  studied  and  the  compound  expected,  phenylvinyl  ketone, 
had  been  previously  prepared  by  other  methods  and  its  properties  were 
known. 

The  condensation  did  take  place  and  the  product  obtained  had  the 
properties  of  phenylvinyl  ketone  described  by  Tollens. 

A  search  of  the  literature  was  made  to  determine  if  any  reactions  anal- 
ogous to  the  above  had  been  studied.  A  paper  by  Krapivin1  was  found 
in  which  a  similar  condensation  between  acetyl  halides  and  unsaturated 
hydrocarbons  was  described.  The  reactions  studied  were  those  between 
acetyl  bromide  and  propylene  and  trimethylene,  and  between  acetyl 
chloride  and  tsa-butylene,  trimethylene,  hexylene,  heptylene,  and  octykne. 
In  all  cases  one  of  the  hydrogen  atoms  of  the  hydrocarbons  was  replaced 
by  the  «acyl  radical. 

It  seems  highly  probable  from  these  results  that  unsaturated  compounds 
containing  a  double  bond  can  replace  aryl  hydrocarbons  in  the  Friedel- 
Crafts  synthesis.  This  preliminary  paper  is  published  now  as  the  authors 
cannot  continue  the  work  in  common.  The  study  of  the  reaction  will 
be  continued,  as  it  opens  up  a  new  synthetic  method  which  will  prove  of 
great  value  in  the  preparation  of  unsaturated  compounds.  It  can  also 
be  applied  to  the  synthesis  of  saturated  hydrocarbons  and  their  derivatives 
on  account  of  the  fact  that  the  double  bond  can  be  readily  reduced  by  the 
methods  now  available.  It  appears  possible  to  make  by  this  synthetic 
method  compounds  the  preparation  of  which  was  difficult  or  impossible 
by  the  methods  now  in  use.  The  behavior  of  alkyl  halides,  acyl  halides, 
and  polyhalogen  derivatives  will  be  studied  with  unsaturated  hydrocar- 
bons, including  those  containing  aryl  radicals. 

Other  reactions  more  or  less  characteristic  of  aromatic  hydrocarbons 
will  be  studied  to  determine  whether  ethylene  and  its  derivatives  show  a 

1  Krapivin,  Bull.  sot.  imp,  nvt.  Moscou,  1,  176  (1908);  Chem.  Zentr.,  191O1  I,  335; 
C.  A.,  5,  1281. 
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behavior  analogous  to  such  hydrocarbons.  It  is  an  interesting  fact  in 
this  connection  that  phenyl  ethylene  yields  a  nitro  compound  of  the 
structure  CeH5CH2  =  CHNO,  when  treated  with  nitric  acid.  In  this 
case  the  nitration  takes  place  in  the  side-chain.  The  work  which  is 
being  done  is  part  of  an  investigation  which  has  as  its  aim  the  determina- 
tion of  the  factors  which  influence  the  activity  of  the  carbon-hydrogen 
bond  in  organic  compounds. 

Experimental. 

The  condensation  of  ethylene  with  benzoyl  chloride  was  effected  by 
first  preparing  the  compound  of  the  latter  with  aluminum  chloride  in 
the  presence  of  carbon  disulfide,  and  passing  the  gas  at  room  temperature 
slowly  through  the  mass  of  crystals  covered  with  the  liquid. 

A  mixture  of  25  g.  of  benzoyl  chloride,  24  g.  of  anhydrous  aluminum 
chloride,  and  600  cc.  of  carbon  disulfide  was  heated  to  boiling  for  2  hours 
in  a  flask  provided  with  a  reflux  condenser.  On  cooling,  a  mass  of  nearly 
colorless  crystals  separated.  Ethylene  dried  by  bubbling  through  cone, 
sulfuric  acid  was  next  passed  to  the  bottom  of  the  flask  containing  the 
carbon  disulfide  and  the  crystals  of  the  molecular  compound.  The  gas 
was  absorbed  very  slowly.  When  10  liters,  which  is  about  2.5  molecules 
of  ethylene  to  one  of  benzoyl  chloride,  had  been  passed  through  the  mix- 
ture, the  crystals  had  become  covered  with  a  dark,  viscous  liquid  which 
interfered  seriously  with  their  coming  into  contact  with  the  gas.  The 
flask  was  then  opened  and  the  crystals  crushed  with  a  flattened  glass  rod. 
Ethylene  was  again  passed  through  the  mixture.  Finally  the  reaction 
was  stopped  and  the  mixture  poured  onto  ice.  When  the  intermediate 
compound  had  decomposed  the  carbon  disulfide  was  separated,  poured 
through  a  dry  filter-paper,  and  distilled.  The  residue  was  distilled'  with 
steam  when  an  oil  of  characteristic  sharp  odor  passed  over  along  with 
some  benzoic  acid.  On  cooling  the  contents  of  the  flask  a  large  amount 
of  benzoic  acid  crystallized  out.  This  fact  indicated  that  the  reaction 
had  not  been  complete.  The  oil  volatile  with  steam  was  shaken  with  a 
dilute  solution  of  sodium  hydroxide  and  taken  up  with  ether.  On  the 
evaporation  of  the  solvent  a  pungent  oil  was  obtained. 

Moureau1  describes  a  compound  as  phenylvinyl  ketone  which  he  ob- 
tained by  condensing  the  chloride  of  acrylic  acid  with  benzene  in  the 
presence  of  aluminum  chloride.  The  compound  is  slightly  soluble  in 
water  from  which  it  crystallizes  at  4  °  to  5  °  in  needles  which  melt  at  42  °, 
and  forms  a  phenylhydrazone  which  melts  at  1300. 

Later  Van  Marie  and  Tollens2  and  Schafer  and  Tollens8  describe  as 
phenylvinyl  ketone  a  compound  which  possessed  properties  different 

1  Moreau,  Ann.  ckim.  phys.,  [7]  2,  199  (1894). 
*  Van  Marie  and  Tollens,  Ber.,  36,  1355  (1903). 
'  Schafer  and  Tollens,  ibid.,  39,  2187  (1906). 
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from  those  of  the  compound  isolated  by  Moureau.  According  to  Tollens 
the  ketone  is  a  yellow  oil,  which  could  not  be  obtained  as  crystals.  It 
had  a  characteristic,  pungent  odor  and  polymerized  rapidly  to  a  very 
viscous  resin.  The  phenyl-hydrazone  prepared  from  the  oil  was  obtained 
in  well-defined  yellow  crystals,  which  melted  at  1 52-1 53  °  and  gave  a 
greenish  blue  fluorescent  solution  in  alcohol. 

The  compound  prepared  by  us  possessed  all  the  properties  described 
by  Tollens.  The  phenylhydrazone  was  prepared  as  follows.  About 
1.5  cc.  of  the  oil  was  dissolved  in  7  cc.  of  alcohol  and  treated  with  2  cc. 
of  freshly  distilled  phenylhydrazine.  The  mixture  was  heated  on  the 
steam-bath  for  half  an  hour.  The  crystals  which  separated  were  re- 
crystallized  from  boiling  alcohol.  The  compound,  which  was  obtained 
in  long,  fine  needles  of  a  canary-yellow  color,  melted  at  151  °  (uncorr.). 
The  alcoholic  solution  of  the  phenylhydrazone  showed  a  beautiful  greenish 
blue  fluorescence  at  the  surface  of  the  liquid. 

A  solution  of  the  oil  in  carbon  tetrachloride  decolorized  bromine  rapidly; 
in  a  short  time  hydrobromic  acid  was  evolved.  The  oil  slowly  changed 
to  a  wax-like  mass;  this  occurred  more  rapidly  when  it  was  allowed  to 
stand  overnight  in  the  presence  of  water. 

The  yield  of  the  ketone  obtained  was  about  25%;  but  it  is  highly  prob- 
able that  this  could  be  markedly  increased  under  better  experimental 
conditions.  There  did  not  appear  to  be  side  reactions  taking  place  in 
appreciable  amounts,  although  a  small  quantity  of  a  product  insoluble 
in  carbon  disulfide  was  obtained.  The  main  difficulties  to  overcome  are  to 
increase  the  rate  of  the  absorption  of  the  gas  and  to  prevent  the  enclosure 
of  the  crystals  of  the  addition-product  of  benzoyl  chloride  and  aluminum 
chloride  by  the  viscous  reaction-product.  The  condensation  will  be  studied 
more  fully. 

Summary. 

On  account  of  the  similarity  in  the  chemical  behavior  of  elements  joined 
to  the  vinyl  and  to  the  phenyl  radicals  an  attempt  was  made  to  condense 
ethylene  with  benzoyl  chloride  by  means  of  aluminum  chloride.  Phenyl- 
vinyl  ketone  was  prepared  in  the  same  way. 
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It  is  the  commonly  accepted  fact  that  the  so-called  Grignard  reagents, 
R-Mg-X,  react  with  esters  to  give  tertiary  alcohols.  But  an  examina- 
tion of  the  literature  concerning  the  condensation  between  the  Grignard 
reagents  and  certain  derivatives  of  phthalic  acid,  viz.,  the  methyl  and  ethyl 
esters  and  the  anhydride,  shows  some  discrepancies.  All  workers  agree 
that  the  product  of  the  reaction  of  2  moles  of  a  magnesium  alkyl,  or  aryl, 
halide  and   phthalic  anhydride,  or  phthalic  esters,  is  a  mixture1  of  a 

R       R 

\y 

ac\ 
O  )  and  an  oriho  diketone  (general 


formula,  I      j~    R).    The  reaction  of  Grignard  reagents  in  yet  higher 

O 
molecular  quantities,  however,  has  been  variously  reported.    In  1905  and 
1906,  Guyot  and  Catel2  showed    that   phenyl-magnesium   bromide   in 
excess  (over  3  moles)  acted  normally  upon  dimethyl  phthalate,  or  phthalic 
anhydride,  to  give  the  tertiary  alcohol    triphenyl-hydroxy-a,a'-benzo- 

OH,    CeH, 

V 

\ 

ftjS'-dihydro-furfurane,  II         O     .    But  in  1909  Shibata8  reported 


I  NCH. 
OH 
that  excess  of  the  same  Grignard  reagent,  reacting  with  diethyl  phthalate, 

C.H,    CH, 


produced  a  phthalan  derivative  of  the  structure,  f       I         O.         Shibata 


>rv\ 


^x 


Vtfl4 
1  Ber.,  38,  240  (1905). 

1  Guyot  and  Catel,  Compt.  rend.,  140, 254  (1905) ;  Bull.  soc.  chim.,  fcj]  35»  554  (1906). 
'Shibata,  J.  Chem.  Soc.,  95,  1449  (1909). 
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for  some  reason  failed  to  give  any  recognition  to  the  previous  work  of  Guyot 
and  Catel  and  made  the  statement  that  no  tertiary  alcohol  was  formed, 
but  instead,  the  dehydration  product  shown  above.  Both  the  French 
and  Japanese  workers  claimed  that  a  large  excess  of  phenyl-magnesium 
bromide  must  be  employed,  and  the  latter  claimed  that  it  was  this  excess 
which  brought  about  the  dehydration  of  the  expected  product. 

It  has  been  found  that  the  differences  in  the  results  obtained  were  due 
to  the  various  methods  of  isolation  employed.  Guyot  and  Catel,  after 
making  the'  condensation  between  dimethyl  phthalate  and  phenyl-mag- 
nesium bromide  and  hydrolyzing  the  product  in  the  usual  manner,  crys- 
tallized their  product  from  the  ether  or  benzene  solution.  The  solid  obtained 
melted  at  n8°.  Shibata  made  the  condensation  with  the  diethyl  ester 
in  practically  the  same  manner,  but  found  it  necessary  to  isolate  the 
product  by  distillation  under  diminished  pressure  after  impurities  had 
been  expelled  by  distillation  with  steam.  His  product  had  a  melting 
point  of  1 940. 

The  preparation  of  triphenyl-hydroxy-a,a'-benzo-/3,/3'-dihydro-furfurane 
from  either  dimethyl  or  diethyl  phthalate  has  been  found  possible.  It 
can  be  made  also  from  phthalic  anhydride,  although  with  more  difficulty. 
Furthermore,  it  has  been  shown  that  the  compound  of  Shibata  can  be 
prepared  from  either  the  dimethyl  or  the  diethyl  ester.  Moreover,  it  is 
found  that  if  the  tertiary  alcohol  obtained  by  Guyot  and  Catel  be  heated 
to  a  temperature  required  for  distillation  under  diminished  pressure  (2800 
to  300  °)  it  is  dehydrated  and  yields  the  compound  which  was  obtained  by 
Shibata. 

In  the  isolation  of  the  triphenyl-hydroxy-a^'-benzo-jS^'-dihydro-fur- 
furane  much  difficulty  is  commonly  experienced.  Even  if  crystallization 
is  attempted  after  driving  off  such  volatile  impurities  as  benzene, 
bromobenzene  or  diphenyl,  an  amorphous  jelly  or  a  glass-like  mass  is  apt 
to  be  the  only  result.  This  was  found  to  be  true  in  many  trials.  In  one 
case  crystals  failed  to  form  in  the  viscous  mother  liquor  until  it  had 
stood  for  over  2  years,  notwithstanding  the  use  of  all  ordinary  means  of 
starting  such  processes.  When  a  few  crystals  have  been  obtained  and 
purified,  the  process  of  * 'seeding  out"  is  very  advantageous.  It  was  no 
doubt  because  of  such  discouraging  results,  not  mentioned  by  Guyot  and 
Catel,  that  Shibata  had  recourse  to  distillation.1 

Experimental  Part. 

1.  Preparation  of  Triphenyl-hydroxy-afa'-benzo-j8,j3'-dihydro-furfur- 
rane  from  Diethyl  Phthalate. — In  a  iooo-cc.  round-bottom  flask  pro- 
vided with  an  efficient  reflux  condenser,  19.2  g.  (8  moles)  of  dry  mag- 
nesium turnings,  covered  by  a  large  excess  of  anhydrous  and  alcohol-free 
ether,  was  slowly  treated  with  125.6  g.  (8  moles)  of  dry  monobromo- 
1  Professor  Roger  Adams,  of  the  University  of  Illinois,  has  called  the  attention  of 


Digitized  by  VjOOQIC 


GRIGNARD  REACTION  ON  PHTHAUC  ACID  DERIVATIVES.  2335 

benzene.  After  the  resulting  "Grignard"  solution  had  been  refluxed  for 
V*  hour  it  was  cooled  and  23  g.  (one  mole)  of  freshly  prepared  diethyl 
phthalate  in  50  cc.  of  anhydrous  and  alcohol-free  ether  was  added  very 
slowly  from  a  separately  funnel  (total  time,  one  hour)  while  the  mixture 
was  shaken  constantly  and  the  flask  was  cooled  by  ice-water.  Each 
addition  caused  a  yellow  solid  to  form,  but  this  dissolved  instantly  in  the 
ether.    The  solution  gradually  darkened  from  yellow  to  brown. 

When  the  condensation  was  complete,  the  magnesium-ether  complex 
was  hydrolyzed  as  usual,  by  pouring  it  into  slightly  more  than  the  cal- 
culated amount  of  hydrochloric  acid  dissolved  in  a  large  volume  of  well 
iced  water  while  the  solution  was  stirred.  The  ether  was  then  removed, 
dried  over  anhydrous  sodium  sulfate  for  a  few  hours,  then  decanted  and 
allowed  to  evaporate  spontaneously  in  a  loosely  covered  dish.  The  ether 
solution  thus  obtained  passed  through  a  remarkable  series  of  color  changes. 
At  first  it  was  light  orange  in  color  and  fluorescent.  Then  it  changed  in 
12  hours  to  a  deep  purple  hue  and  finally,  after  24  hours,  the  color  faded 
to  reddish-purple  with  a  remarkable  green  fluorescence. 

When  practically  all  of  the  ether  had  evaporated,  the  resulting  viscous 
yellow  oil  was  allowed  to  stand  for  several  weeks.  After  about  a  month, 
slow  crystallization  commenced.  From  time  to  time  the  crude  crystals 
were  separated  from  the  semi-fluid,  jelly-like  mass,  washed  with  a  trace 
of  ether  on  a  porous  plate  and  allowed  to  stand  overnight  in  a  thin  layer. 
When,  subsequently,  they  were  recrystallized  twice  from  a  mixture  of 
equal  volumes  of  toluene  and  chloroform,  they  gave  a  sharp  melting  point 
of  1180  (corr.).  From  nearly  all  other  common  solvents,  such  as  ether, 
alcohol,  acetone  and  benzene,  the  material  failed  to  emerge  in  crystalline 
condition  but  reverted  to  the  original  jell  or  amorphous  glassy  mass. 

2.  Preparation  of  a  Compound  (C26HigO  m.  p.  192-3  °)  from  Dimethyl 
Phthalate. — The  Grignard  reagent  (slightly  more  than  5  moles)  was 


the  writer  to  the  fact  that  the  structure,  I  O  ,  assumed  for  the  product  by 


Shibata,  involves  the  peculiarity  of  a  3-membered  ring  and  a  6-membered  (aromatic) 
ring  with  one  side  in  common.  Such  a  structure  is  entirely  unprecedented  elsewhere 
in  the  literature,  and  work  undertaken  at  both  the  University  of  Illinois  and  The  Rice 
Institute,  indicates  the  possibility  of  an  entirely  different  structure  for  the  dehydra- 
tion product  of  triphenyl-hydroxy-a,o'-benzo-|3,/3'-dihydro-furfurane. 
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prepared  as  described  above  with  12.8  g.  of  magnesium  turnings  and  83.7  g. 
of  monobromo-benzene.  This  product  was  condensed  with  18  g.  (one 
mole)  of  freshly  prepared  dimethyl  phthalate  in  a  manner  similar  to  that 
used  with  the  diethyl  ester. 

To  isolate  the  product  after  hydrolysis,  the  oil  obtained  from  the  ether 
was  transferred  at  once  to  a  large  flask  and  distilled  in  a  slow  current  of 
steam  until  about  5  liters  of  distillate  (water,  some  bromo-benzene,  ben- 
zene and  diphenyl)  had  passed  over.  The  deep  yellow  oil,  after  it  cooled, 
set  to  a  dark  and  brittle  cake.  It  was  broken  up  and  subjected  to  dis- 
tillation under  26  mm.  pressure  in  a  50-cc.  Claisen  flask.  The  dark  oil 
"bumped"  badly,  and  distilled,  with  violent  foaming,  between  2900  and 
300 °.  The  distillate  showed  little  tendency  to  crystallize  when  cold,  but 
it  was  found  that  the  addition  of  a  little  ether  was  very  effective  in  caus- 
ing crystallization  to  start. 

After  the  crude  light-brown  product  was  crushed  and  "worked"  with 
a  little  ether  on  a  porous  plate,  it  was  recrystallized  3  times  from  toluene. 
The  crystals  were  nearly  white  (slightly  grayish)  and  melted  sharply  at 
192-1930  (stem  immersed). 

This  compound  was  identified  as  that  prepared  by  Shibata,  by  a  mixed 
m.  p.  determination  with  analyzed  material  made  from  diethyl  phthalate 
according  to  his  procedure. 

3.  Dehydration  of  Triphenyl-hydroxy-a^'-benzo-zS^'-dihydro-furfur- 
ane  upon  Heating. — A  few  g.  of  recrystallized  triphenyl-hydroxy-a,a'- 
benzo-ft/S'-dihydro-furfurane  was  slowly  heated  under  reduced  pressure 
(26  mm.)  in  a  Wood's  metal  bath.  The  crystals  melted  to  yield  a  color- 
less oil  at  1190.  This  oil  slowly  darkened  to  a  yellow  color  at  160 °,  to 
deep  yellow  with  a  green  fluorescence  at  about  1700,  to  red-brown  at  200  ° 
and  to  dark  amber,  with  fluorescence  persisting,  above  350  °  (temperature 
of  bath).  The  bath  was  then  heated  slowly  to  nearly  400 °,  while  the 
behavior  of  the  oil  was  closely  watched.  When  the  temperature  of  the 
vapor  had  reached  2800  (uncorr.),  a  very  noticeable  condensation  of  mois- 
ture occurred  in  the  cool  parts  of  the  apparatus.  No  moisture  had  pre- 
viously been  evident  in  the  apparatus.  At  295  °,  distillation  of  a  pale 
greenish-yellow  fluorescent  liquid  began. 

At  this  stage,  the  heating  was  discontinued,  the  residue  in  the  flask 
was  cooled  and  removed  as  a  coarse  dark-brown  crystalline  powder.  It 
was  dissolved  in  toluene  and  crystallized.  The  crude  product  thus  obtained 
was  freed  from  oily  impurities  by  pressing  it  on  a  clay  plate  and  then 
recrystallized  twice  from-  toluene  and  dried  at  1300  for  2  hours.  The 
crystals  were  nearly  pure  white,  and  melted  at  1 92-1 93  °. 

Subs.,  0.1618:  COt,  0.5305;  HiO,  0.0781. 

Calc.  for  CMHwO:  C,  90.17;  H,  5.24.    Found:  C,  89.36;  H,  5.36. 
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Summary. 

1.  The  reaction  of  an  excess  of  phenyl-magnesium  bromide  upon  the 
methyl  or  ethyl  ester  of  phthalic  acid  gives  a  mono-hydric  tertiary  alco- 
hol which  is  a  derivative  of  furfurane. 

2.  If  the  product  of  the  reaction  of  an  excess  of  phenyl-magnesium 
bromide  upon  the  esters  of  phthalic  acid  is  heated  to  about  300  °,  it  loses 
a  molecule  of  water  and  gives  the  compound  C^HisO  of  m.  p.  192-193  ° 
which  Shibata1  claimed*  to  be^a^derivative^of  phthalan^and  the  direct 
product  of  the  original  condensation. 

•  Houston,  Tbx. 


[Contribution  prom  the  Chemical  Laboratory  of  Harvard  University.] 

ADDITION  REACTIONS  OF  PHOSPHORUS  HALIDES.    I.    THE 
MECHANISM  OF  THE  REACTION  OF  THE  TRI- 
CHLORIDE WITH  BENZALDEHYDE. 

By  Jambs  B.  Conant  and  Alexander  D.  Macdonald. 

Received  August  11,  1920. 

I.  Introduction. 
It  has  been  shown  in  a  previous  paper2  that  phosphorus  trichloride  adds 
to  the  ends  of  the  conjugated  system  of  certain  unsaturated  ketones. 
This  addition  takes  place  with  an  increase  in  valence  of  the  phosphorus 
atom  from  3  to  5.  The  chlorine  atoms  in  the  addition  product  are  very 
active  and  are  readily  replaced  by  hydroxyl  or  oxygen  when  the  reaction 
mixture  is  treated  with  acetic  add  or  acetic  anhydride.  The  product 
thus  formed  is  a  phosphonic  add  or  an  intermediate  cyclic  compound.  An 
exactly  similar  reaction  takes  place  when  simple  aldehydes  or  ketones  are 
treated  with  phosphorus  trichloride.  In  this  case,  however,  the  primary 
addition  product  is  formed  by  the  1,2 -addition  of  the  phosphorus  atom. 

RCHO  +  PCI*  ^  RCHO 
V 

PO« 
(I). 
Benzaldehyde  was  chosen  as  a  suitable  aldehyde  for  studying  the  mechan- 
ism of  this  reaction  and  only  the  results  obtained  with  this  substance 
are  presented  here.  The  reaction,  however,  takes  place  readily  with 
most  aldehydes  and  ketones  and  the  limits  of  the  reaction  will  be  dis- 
cussed in  a  subsequent  paper. 

The  Primary  Reversible  Reaction. 
When  benzaldehyde  and  phosphorus  trichloride  are  brought  together 
considerable  heat  is  evolved  and  the  addition  reaction  (Equation  I)  pro- 
ceeds to  a  definite  equilibrium.    If  equimolecular  amounts  of  the  2  sub- 

lLoc.cit. 

1  This  Journal,  43,  830  (1920). 
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stances  are  employed,  only  about  30%  of  the  addition  product  is  formed 
On  treating  such  a  reaction  mixture  with  water  both  the  unused  trichloride 
and  the  addition  product  react  vigorously.  The  former  produces  phos- 
phorous acid,  the  latter  an  a-hydroxy-phosphonic  acid  as  the  final  product. 

C«H,CHO  +  3H,0  — ►  CH.CHOH  +  3HCI 
V  I 

PCI*  PO(OH), 

The  amount  of  phosphorous  acid  thus  formed  can  be  determihed  by  cau- 
tiously oxidizing  it  to  phosphoric  acid  and  precipitating  it  in  the  usual 
manner  with  magnesia  mixture.  The  hydroxy  phosphonic  acid  does  not 
produce  a  precipitate  under  the  same  conditions.  The  amount  of  tri- 
chloride in  the  equilibrium  mixture  can  thus  be  easily  ascertained. 

Quantitative  experiments  of  this  sort  were  performed  with  varying 
ratios  of  the  2  substances  and  also  with  varying  amounts  of  an  inert  sol- 
vent (benzene).    The  equilibrium  constant 

R  =  [C6H5CHOHPCI3] 
V[C«H,CHOPCla] 

could  thus  be  calculated  from  the  concentration  as  determined  in  each 
experiment.  Samples  taken  from  time  to  time  showed  that  a  condition 
of  equilibrium  was  usually  reached  in  the  course  of  28  hours.  The  values 
of  K  for  7  different  experiments  varied  from  6.9  to  8.3;  the  average  was 
7.4.  The  initial  concentrations  of  the  reacting  substances  were  varied 
over  wide  limits  in  the  different  experiments.  The  values  for  K  are  con- 
stant within  the  experimental  errors  of  the  method.  They  clearly  show 
that  the  primary  addition  reaction  is  reversible  and  can  be  expressed  in 
terms  of  the  usual  law  of  mass  action. 

Intermediate  Products  Containing  a  Phosphorus  Oxygen  Ring. 

The  addition  product  reacts  with  acetic  anhydride  and,  as  in  the  case 
of  the  unsaturated  ketones,1  the  products  are  acetyl  chloride  and  a  mix- 
ture of  an  acid  chloride  (I)  and  an  anhydride  (II).  Phosphorus  tri- 
chloride reacts  very  slowly  with  acetic  anhydride  below  50  °,  the  primary 
addition  compound  reacts  rapidly.  The  equilibrium  of  the  initial  addi- 
tion reaction  is  thus  upset  by  the  removal  of  the  product  and  the  entire 
set  of  reactions  proceed  to  completion.  When  a  large  excess  of  acetic 
anhydride  is  used,  most  of  the  acid  chloride  first  formed  is  converted  into 
the  acid  anhydride.  These  reactions  are  represented  by  the  following 
equations. 

C«H,CHO  +  (CH,CO)20  -  CeH6CHO  +  2CHaCOCl 

V  V 

PClj  POCl 

(I). 
1  hoc.  eit. 
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2C.H4CHO  +  (CH8CO),0  =/C,H»CHO\  O  +  2CH.COC1 

V  V 

PCU  \  PO/2 

(II). 

The  mixture  of  the  acid  chloride  and  anhydride  is  left  as  a  gum  after 
the  evaporation  of  the  acetyl  chloride  and  the  excess  of  acetic  anhydride. 
This  gum,  when  treated  with  water,  yields  hydrochloric  acid  and  a  mono- 
basic acid  containing  a  phosphorus  oxygen  ring.  The  amount  of  chloride 
ion  thus  formed  is  a  measure  of  the  relative  amount  of  acid  chloride  (I) 
in  the  mixture. 

C«H6CHO  +  H*0  -  C«H*CHO  +  HC1 
V  V 

POC1  POOH 

This  ring  acid  was  isolated  in  the  form  of  an  insoluble  barium  salt.    Its 
structure  follows  from  the  fact  that  it  is  a  monobasic  acid  which,  on  boil- 
ing with  water,  is  converted  into  the  hydroxy-phosphonic  acid. 
CeH6CHO    +    H20    -    C*H*CHOH 
V  I 

POOH  PO(OH)2 

It  reduces  potassium  permanganate  solution  slowly,  whereas  the  hydroxy- 
phosphonic  acid  is  oxidized  immediately  by  the  same  reagent.  This 
difference  would,  of  course,  be  expected  from  the  structure  of  the  2  com- 
pounds. The  isolation  of  this  acid  proves  that  the  fundamental  process 
in  the  interaction  of  benzaldehyde  and  phosphorus  trichloride  is  the  1,2- 
addition  of  the  phosphorus  atom  to  the  carbonyl  group. 

Hitherto  no  acid  containing  a  phosphorus  oxygen  ring  has  been  reported. 
It  is  suggested  that  the  name  "phostonic"  be  applied  to  the  general  class 
of  such  acids  from  their  obvious  similarity  to  lactonic  acids.  The  in- 
dividual substances  are  named  in  this  article,  however,  as  inner  esters 
by  prefixing  anhydro-;  the  acid  in  question  is  thus  anhydro- a-bydroxy- 
benzylphosphoric  acid. 

It  is  interesting  to  compare  the  stability  of  the  phosphorus  oxygen 
ring  in  this  acid  with  the  stability  of  the  ring  in  the  intermediate  products 
obtained  from  unsaturated  ketones.  In  the  case  of  the  unsaturated 
ketones  it  was  shown  that  the  intermediate  products  contained  the  5-mem- 
bered   unsaturated    ring:    — C— C=C—       This   ring   was   so   easily 

P O 

opened  by  water  and  acid  that  only  the  anhydride  and  acid  chloride  could 
be  obtained.  The  phostonic  acid,  however,  is  only  slowly  con- 
verted into  the  hydroxyphosphonic  acid  by  boiling  with  pure  water. 
The  reaction  is  accelerated  in  aqueous  solution  by  mineral  acids.  In 
acetic  acid  the  ring  is  opened  rather  slowly  by  hydrogen  chloride.  The 
difference  between  these  2  rings  is  thus  very  great  and  is  an  exception  to 
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the  usual  belief  in  regard  to  the  greater  stability  of  5-membered  rings. 
This  may  be  due,  of  course,  to  the  fact  that  one  ring  contains  an  ethylene 
linkage  and  the  other  does  not. 

The  Reaction  in  Glacial  Acetic  Acid. 

Fossek1  prepared  a  number  of  hydroxy-phosphonic  acids  by  treating 
phosphorus  trichloride  with  a  large  excess  of  an  aldehyde  or  ketone  and 
decomposing  the  resulting  oil  with  water.  He  suggested  no  mechanism 
for  the  reaction*  but  clearly  showed  that  his  products  were  a-hydroxy- 
phosphonic  acids.  The  necessity  of  employing  a  large  excess  of  one  of  the 
substances  is  now  obvious.  Since  water  was  used  to  decompose  the  re- 
action mixture  there  was  obtained  only  an  amount  of  phosphonic  acid 
corresponding  to  the  equilibrium  of  the  initial  reaction;  by  the  use  of  the 
large  excess  of  aldehyde,  the  reaction  was  forced  as  far  to  the  right  as 
possible.  It  is  possible  to  complete  the  reaction  with  equimolecular 
amounts  by  the  use  of  acetic  anhydride  for  the  reasons  given  above.  To 
obtain  the  hydroxy-phosphonic  acid,  the  product,  of  course,  must  be  boiled 
with  water  to  decompose  the  intermediate  phostonic  acid. 

Glacial  acetic  acid  also  reacts  more  rapidly  with  the  addition  product 
than  with  the  trichloride.  However,  since  the  trichloride  reacts  rapidly 
with  acetic  acid  on  warming,  it  is  necessary  to  work  below  35  °  and  it  is 
be&  to  allow  the  2  compounds  to  react  and  then  add  the  acid.  Here  also 
the  phostonic  acid  is  formed  as  in  the  case  of  acetic  anhydride.  If  the  re- 
action mixture  is  allowed  to  stand  for  several  days  this  is  slowly  converted 
into  the  hydroxy-phosphonic  acid.  Saturation  of  the  mixture  with  hydro- 
gen chloride  hastens  the  process.  This  reaction  proceeds  probably 
through  the  formation  of  the  acid  chloride  of  the  hydroxy-phosphonic 
acid,  which  then  reacts  with  the  acetic  acid. 

CH.CHO  +  HC1  — ►  C,H6CHOH  — >  C«HeCHOH 
V  I  I 

POOH  POCl(OH)  PO(OH)i 

If  the  mixture  is  poured  into  water  and  the  solution  evaporated  to  dry- 
ness the  conversion  is  rapid  and  complete.  This  is  the  most  satisfactory 
method  of  preparing  the  hydroxy-phosphonic  acid.  Good  yields  can  be 
obtained  without  using  an  excess  of  either  of  the  2  substances.  As  the 
hydroxy-phosphonic  acid  is  very  soluble  in  water  it  is  somewhat  hard  to 
isolate  in  a  pure  condition.  It  was  found  that  an  aniline  salt  of  the  acid 
could  be  readily  prepared  in  ether  solution  and  was  easily  recrystallized 
from  alcohol.  By  the  use  of  this  salt  the  acid  can  be  quickly  and  con- 
veniently isolated. 

1  Fossek,  Monatsh.,  5,  120,  627  (1884);  7,  121  (1886). 

1  Michaelis,  Ber„  18,  899  (1895);  ibid.,  3,  1297  (1901),  referring  to  Fossek's  work 
suggested  that  an  intermediate  ring  compound  is  first  formed  in  this  and  similar  cases. 
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II.  Experimental. 
Equilibrium  Measurements. 
A  mixture  of  5.0  g.  of  benzaldehyde  (4.78  cc.)  and  6.48  g.  of  phos- 
phorus trichloride  (4.06  cc.)  was  placed  in  a  tightly  stoppered  Erlenmeyer 
flask  and  allowed  to  stand  at  room  temperature  (25  °).  One-cc.  samples 
were  removed  by  a  pipet  at  intervals  and  introduced  into  50  cc.  of  dis- 
tilled water;  the  whole  was  then  shaken  vigorously.  The  aqueous  solution 
was  extracted  with  two  20-cc.  portions  of  benzene  to  remove  unchanged 
benzaldehyde  and  then  heated  on  the  steam-bath  for  a  few  minutes  to 
remove  any  traces  of  benzene.  Bromine  water  was  added  a  little  at  a 
time  to  the  solution  after  it  had  been  cooled  to  room  temperature.  The 
phosphorous  acid  formed  by  the  interaction  of  the  trichloride  and  water 
was  thus  oxidized  to  phosphoric  acid;  the  addition  or  bromine  water 
was  continued  until  a  permanent  color  was  produced.  Magnesia  mix- 
ture was  now  added  and  the  magnesium  ammonium  phosphate  allowed 
to  precipitate  in  the  usual  way.  The  precipitate  was  filtered,  washed, 
and  ignited  to  constant  weight.  Parallel  experiments  with  pure  hydroxy- 
benzyl  phosphonic  acid  showed  that  it  did  not  produce  a  precipitate  under 
these  conditions.  Similar  experiments  were  performed  with  various 
proportions  of  the  2  substances  and  also  with  the  reaction  mixture  diluted 
with  anhydrous  benzene  to  25  cc.,  50  cc,  75  cc,  and  100  cc,  respectively. 

Table  I. — Values  op  K  prom  thb  Final  Measurements. 


Mob.  of  Mob.  of 
OHiCHO.  PCU 

Bxpt,  a.  b. 

I O.0472  O.0472 

2 O.0472  O.0944 

3 0.0944  O.0472 

4 0.0944  0.0944 

5 0.0944  0.0944 

6 0.0944  0.0944 

7 0.0944  0.0944 


MgtPtOy 

equiv. 

to  PCI. 

in  1  cc. 

G. 

Actual  wt. 
MgtPiOr 
at  equil. 

Fract.  of 

PClt 

reacted. 

y. 

Vin 
Liters. 

K. 

0.595 

O.412 

O.308 

O.OO884 

8.3 

O.817 

O.646 

O.209 

O.O129 

8.0 

O.387 

0.22I 

O.429 

O.OX36 

7-3 

O.422 

O.305 

O.277 

O.025 

7-X 

0.2II 

O.I73 

O.182 

O.050 

6.9 

O.I4I 

O.I23 

O.129 

O.075 

74 

O.I055 

O.094 

0.IO9 

O.IOO 

Average, 

6.9 
74 

MgsPiOT 
equiv.  to 
PClt  in 
Bxpt.  1  cc. 

1 0.595 

2 O.817 

3 O.387 

4 O.422 

5-,...  O.21X 

6 0.141 

7 0.106 


Table  II. — Course  op  the  Reaction. 

Weights  of  MgtPtOT  (W)  formed  and  fract.  of  PCli  reacted  (y). 


3  hours. 
0.433  O.272 

O.670  O.180 

O.279  O.279 

47  hours. 
O.338  O.199 

O.I79  O.151 

O.123  O.129 

O.O97  O.076 


W.  y. 

28  hours. 

O.412  O.308 

O.646  O.209 

0.22I  O.429 

71  hours. 

O.318  O.246 

O.176  O.166 

O.I20  O.147 

O.094  O.IO9 


W. 


122  hours. 
O.305  O.277 

O.173  0.182 

O.123  O.129 

O.094  0.109 
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The  results  obtained  are  summarized  in  Tables  I  and  II.  Table  I 
shows  the  values  for  K  calculated  from  the  final  measurements;  Table  II, 
the  course  of  the  reaction  to  the  final  equilibrium.  The  amount  of  mag- 
nesium pyrophosphate  equivalent  to  the  trichloride  initially  present  in 
one-cc.  of  the  reaction  mixture  could  be  calculated  from  the  quantity  of 
materials  used  and  the  total  volume.  The  difference  between  this  value 
and  the  magnesium  pyrophosphate  actually  weighed  represents  the 
amount  of  trichloride  which  had  formed  the  addition  product.  The  ratio 
of  this  difference  to  the  initial  amount  is  obviously  the  fraction  of  the  tri- 
chloride reacted.  If  we  represent  this  fraction  by  y,  and  the  initial  quan- 
tities (in  mols.)  of  C*H*CHO  by  a  and  of  trichloride  by  bt  the  quantity  of 
the  addition  product  is  yb.  The  equation  for  K  can  then  be  written  as 
follows,  where  V  equals  the  volume  in  liters  of  the  reaction  mixture. 
K  =  (a  —  yb)(b  —  yb) 
Vyb 

This  method  of  determining  K  is  obviously  not  very  accurate  and  the 
values  obtained  vary  considerably.  Nevertheless  they  are  sufficiently 
constant  to  indicate  the  fundamental  fact,  namely,  that  the  reaction  un- 
der investigation  comes  to  a  definite  equilibrium  which  is  determined  by 
the  factors  expressed  in  the  usual  law  of  mass  action.  Similar  results 
were  obtained  earlier  in  the  research  by  a  different  method.  The  re- 
reaction  mixture  was  decomposed  with  water  and  the  amount  of  un- 
changed benzaldehyde  was  determined  by  measuring  its  volume  in  a 
specially  constructed  pipet  somewhat  similar  to  that  used  in  the  Bab- 
cock  method  for  determining  fat  in  milk.  These  approximate  values 
showed  that  the  reaction  came  to  an  equilibrium  in  2  to  3  hours  (no  sol- 
vent was  employed,  so  that  the  experiments  were  parallel  to  No.  1  in 
the  tables).  The  fraction  of  benzaldehyde  which  reacted  was  0.35  as 
compared  with  0.30  determined  by  weighing  the  magnesium  pyrophos- 
phate. 

Reaction  in  Acetic  Anhydride. 

A  mixture  of  the  acid  chloride  and  anhydride  of  the  phostonic  acid 
was  prepared  bv  the  interaction  of  phosphorus  trichloride,  benzaldehyde, 
and  acetic  anhydride.  A  typical  experiment  follows.  10  g.  of  benz- 
aldehyde (0.094  mol.),  13  g.  of  trichloride  (0.094  mol.),  and  20  g.  of  acetic 
anhydride  (0.20  mol.)  were  mixed  in  a  150-cc.  distilling  flask  provided 
with  a  calcium  chloride  tube.  The  color  of  the  mixture  became  pink 
and  the  temperature  rose  somewhat,  but  was  kept  below  40  °,  by  cooling 
the  flask  with  water.  The  mixture  was  allowed  to  stand  overnight  at 
room  temperature.  The  contents  of  the  flask  were  evaporated  at  a 
pressure  of  50-60  mm.  at  50  °  for  2  hours.  A  viscous  resin  weighing  22 
g.  was  left.    This  resin  was  soluble  in  chloroform,  but  no  crystalline 
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solid  could  be  obtained  from  it.  By  making  the  chloroform  solution  of 
a  known  volume  and  taking  definite  amounts  of  it  for  various  experi- 
ments, all  the  results  could  be  calculated  on  the  basis  of  the  entire  weight 
of  materials  employed. 

Five  such  experiments  were  performed  with  various  amounts  of  acetic 
anhydride.  The  proportion  of  acid  chloride  in  the  resulting  mixture 
was  determined  in  a  typical  experiment  as  follows.  Two  cc.  of  the  chloro- 
form solution  of  the  resin  (total  vol.  =48  cc.)  was  evaporated  to  dryness 
and  the  residue  dissolved  in  water.  This  solution  was  then  acidified  with 
nitric  acid  and  titrated  against  0.2  N  silver  nitrate  according  to  Vol- 
hard's  method.  Equivalent  of  chloride  ion  found  =  0.000234,  calcu- 
lated for  the  acid  chloride  »  0.00391;  therefore,  the  resin  is  6%  acid 
chloride.  The  experiments  may  be  summarized  as  follows.  Equimolec- 
ular  amounts  of  benzaldehyde  and  trichloride  were  used  in  each  experi- 
ment. 

Table  III. 

Mols.  of  acetic  anhydride  Acid  chloride  in  resin, 

per  mol.  of  benzaldehyde.  %. 

I.O  45 

l.O  39 

1.5  28 

1.5  26 

2.0  6 

Increasing  the  amount  of  acetic  anhydride  decreases  the  amount  of 
acid  chloride;  this  latter  substance  evidently  reacts  with  the  acetic  an- 
hydride to  form  acetyl  chloride  and  the  anhydride  of  the  phostonic  acid. 

Aniline  Salt  of  Hydroxybenzyl  Phosphonic  Acid,  C6H6CHOHPO- 
(OH)ONH8C«H6. — A  portion  of  the  resin  obtained  in  each  of  the  5  experi- 
ments just  mentioned  was  converted  into  the  aniline  salt  of  hydroxy 
benzylphosphonic  acid.  For  example,  5  cc.  of  the  chloroform  solution 
(total  vol.  =  48  cc.)  was  evaporated  and  the  residue  boiled  with  water  for 
several  hours  and  evaporated  to  dryness.  The  somewhat  gummy  residue 
of  hydroxy-phosphonic  acid  was  dissolved  in  a  little  alcohol  and  the  solu- 
tion diluted  with  3  times  its  volume  of  ether.  A  slight  excess  of  an  ethereal 
solution  of  aniline  was  added.  A  voluminous  white  precipitate  formed  at 
once  and  was  filtered  off,  washed  with  a  mixture  of  ether  and  alcohol  and 
dried.  Weight  2.3  g.,  which  is  equivalent  to  22 . 1  g.  for  the  entire  mix- 
ture, or  84.5%  of  the  calculated  yield  from  0.094  m°l«  oi  aldehyde,  which 
is  26.4  g.  Similar  yields  were  obtained  in  the  other  4  experiments.  The 
resin  was  thus  shown  to  be  an  intermediate  stage  in  the  formation  of^the 
hydroxy-phosphonic  acid. 

The  aniline  salt  of  hydroxybenzyl  phosphonic  acid  could  be  recrys- 
tallized  from  alcohol.    It  melted  with  decomposition  at  201-202  °. 
Calc.  for  CuHwO^P:  N,  5.0.    Found:  5.1. 
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The  pure  add  could  be  obtained  from  the  salt  as  follows.  Five  g. 
was  decomposed  with  150  cc.  of  5%  solution  of  sodium  hydroxide  and 
the  mixture  distilled  with  steam  until  no  more  aniline  came  over.  The 
residual  solution  was  cooled,  neutralized  with  acetic  acid,  and  an  excess 
of  lead  acetate  added.  A  heavy  white  precipitate  of  the  lead  salt  formed; 
this  was  filtered,  washed  with  water,  suspended  in  200  cc.  of  water  and 
decomposed  with  hydrogen  sulfide.  The  lead  sulfide  was  filtered  off 
and  the  filtrate  evaporated  to  dryness.  2.9  g.  of  hydroxybenzyl  phos- 
phonic  acid,  m.  p.  1 70-1 72  °,  was  thus  obtained.  This  add  was  iden- 
tical with  material  obtained  from  the  reaction  in  acetic  add  (see  below) 
and  recrystallized  from  dil.  hydrochloric  add.  It  is  identical  in  its  proper- 
ties with  the  substance  prepared  by  Fossek.1 

Barium  Salt  of  Anhydro  -  a  -  hydroxy-benzyl  Phosphonic  Add, 
(CcHsCHPOO^Ba. — 20  g.  of  benzaldehyde,  26  g.  of  phosphorus  trichlo- 

\/ 
O 

ride,  and  29  g.  of  acetic  anhydride  were  mixed  in  a  150  cc.  distilling  flask  and 
allowed  to  react  as  described  in  the  previous  experiments.  After  standing 
for  2  days  at  room  temperature  the  mixture  was  evaporated  under  dimin- 
ished pressure  at  a  temperature  of  40-45  °.  Forty  g.  of  resin  was  thus  ob- 
tained. Twenty-seven  g.  of  this  resin  was  dissolved  in  250  cc.  of  water  by 
very  gentle  warming  and  stirring.  The  cooled  solution  was  treated  with  the 
calculated  quantity  of  barium  hydroxide  (20  g.)  dissolved  in  250  cc.  of 
water.  A  white  predpitate  was  formed.  The  solution  was  now  made  barely 
alkaline  to  litmus  with  ammonium  hydroxide;  the  predpitate  increased 
in  amount.  The  solution  was  filtered  and  the  predpitate  washed  with 
water  and  dried.  The  yield  was  18.8  g.,  which  is  63%  of  the  amount 
theoretically  possible  calculated  from  the  amount  of  resin  taken  and  the 
benzaldehyde  initially  employed. 

Samples  of  barium  salt  thus  prepared  were  dried  to  constant  wdght 
at  no°  and  analyzed  for  barium  and  phosphorus.  They  were  found, 
however,  to  be  contaminated  with  barium  phosphate.  The  phosphoric 
add  was  undoubtedly  produced  by  a  side  reaction  between  the  trichloride 
and  the  acetic  anhydride.  The  amount  of  phosphate  present  was  deter- 
mined and  the  analyses  corrected  for  it.  A  sample  of  the  salt  was  heated 
with  dil.  hydrochloric  add  on  the  steam-bath  until  a  dear  solution  was 
obtained.  Magnesia  mixture  was  added  to  the  cooled  solution  and  the 
magnesium  ammonium  phosphate  predpitated  by  making  the  solution 
alkaline  with  ammonia  in  the  usual  way.  The  precipitate  was  contam- 
inated with  barium  and  was  redissolved  in  nitric  add  and  the  phosphate 
precipitated  with  ammonium  molybdate.  The  ammonium  phospho- 
molybdate  was  filtered,  redissolved,  and  the  phosphate  predpitated  as 
1  Loc.  tit. 
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magnesium  ammonium  phosphate  and  ignited  and  weighed  as  the  pyro- 
phosphate. 

Subs.  (I),  0.3807,  0.301 1 :  BaSO«,  0.2064,  o-i633I  MgiPjO?,  0.161 1,  0.1238. 
Subs.,  0.3400,  analyzed  as  above  for  phosphate:  MgtPiOr,  o.oui. 
Subs.  (II),  0.3427,  0.3437:  BaSC>4,  0.19x0,  0.1922;  MgtPiOy,  0.1453,  0.1489. 
Subs.,  0.3253,  analyzed  for  phosphate:  MgtPtOT,  0.0120. 

Pound:  Uncorrected.  Corrected  for  phosphate. 

Calc.  for                   i!                        U.      "*          *""      1.      ~~—      JJ      "* 
%.  CuHuOtBaP. » .  « ■ . ■ . 


Ba 28.9        31.9    31.9    32.8    32.9        28.7     28.7     29.2     29.4 

P 13.O  II. 8      II. 9      II. 8      12. 1  12. 1      12. 1      12. 1      12.4 

The  barium  salt  of  anhydro-a-hydroxy-benzyl  phostonic  acid  is  a  white 
powder  only  slightly  soluble  in  water,  but  readily  soluble  in  dilute  acids.  It 
could  not  be  recrystallized  successfully.  As  would  be  expected  from  its 
structure,  the  salt  is  only  very  slowly  oxidized  by  potassium  permanganate 
solution.  A  comparison  of  the  rate  of  oxidation  of  this  compound  and  the 
neutral  barium  salt  of  hydroxy-phenyl  phosphonic  acid  was  made  by  shak- 
ing 0.1  g.  of  the  solids  with  10  cc.  of  a  very  dilute  pernamganate  solution 
made  slightly  acid  with  sulfuric  acid.  The  permanaganate  color  disappeared 
in  5  minutes  in  the  case  of  the  hydroxy-phenyl  phosphonic  salt,  but  faded 
only  at  the  end  of  an  hour  with  the  phostonic  acid  salt. 

Anhydro-a-hydroxy-benzyl  Phosphonic  Acid. — This  acid  was  obtained 
as  a  gum  contaminated  with  barium  salts  by  acidifying  the  barium  salt. 
Seven  g.  of  barium  salt  was  placed  in  a  mortar  and  ground  with  50  cc.  of 
6  N  hydrochloric  acid.  The  mixture  became  pasty,  and  a  white  sticky  gum 
separated  on  the  sides  of  the  mortar  and  on  the  pestle.  The  aqueous 
solution  was  poured  off  and  the  gum  ground  with  3  portions  of  cold  water. 
It  was  then  spread  on  a  porous  plate  and  dried  in  a  desiccator  over  sulfuric 
acid.  2.6  g.  of  dried  material  was  thus  obtained.  When  dissolved  in 
alcohol  it  left  a  small  amount  of  insoluble  barium  salt  and  the  alcoholic 
solution  on  evaporation  yielded  a  somewhat  purer  resin.  However,  all 
the  barium  compounds  could  not  be  removed  by  this  treatment.  An 
analysis  showed  that  it  still  contained  about  10%  of  barium,  presumably 
as  the  unchanged  barium  salt.  The  resin  dissolved  in  sodium  hydrogen 
carbonate  with  evolution  of  carbon  dioxide. 

The  acid  could  be  obtained  only  in  this  impure  condition.    However, 
the  titration  with  sodium  hydroxide,  oxidation  with  permanganate,  re- 
action with  aniline,  and  hydrolysis  to  hydroxy-benzyl  phosphonic  acid, 
showed  that  the  material  at  hand  was  the  phostonic  acid. 
Subs.,  0.21 1 :  4.73  cc.  of  0.2  N  NaOH  (using  phenolphthalein). 
Calc.  for  phostonic  acid,  6.2  cc;  allowing  for  10%  of  barium  as  barium  salt,  4.3  cc. 

The  acid  decolorized  permanganate  solution  only  1/t  as  fast  as  a  sample 
of  hydroxy-phosphonic  acid.  It  did  not  form  a  crystalline  aniline  salt 
when  treated  with  aniline  in  ether  solution,  a  reaction  very  characteristic 
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of  the  hydroxy-benzyl  phosphonic  acid.  Only  a  non-crystalline  material 
was  obtained  which  yielded  no  solid  in  alcohol  or  ether  solution  when 
seeded  with  the  aniline  salt  of  hydroxy-benzyl  phosphonic  acid. 

Conversion  of  the  Phostonic  Acid  into  the  Hydroxy  Phosphonic  Acid. 

Two  g.  of  the  impure  phostonic  acid  described  above  was  warmed  on 
the  steam-bath  with  75  cc.  of  cone,  hydrochloric  acid  until  a  clear  solu- 
tion was  obtained.  The  solution  was  filtered  to  remove  a  slight  amount 
of  insoluble  material.  The  filtrate  was  treated  with  dil.  sulfuric  acid 
until  no  further  precipitate  of  barium  sulfate  formed.  The  mixture  was 
filtered  and  evaporated  to  dryness.  The  crude  hydroxy-benzyl  phosphonic 
acid  thus  obtained  was  changed  into  its  aniline  salt  as  previously  described. 
2 . 2  g.  of  pure  salt,  m.  p.  2000  to  201  °,  was  thus  obtained;  this  was  67%  of 
the  theoretical  amount.  Three  g.  of  a  sample  of  the  barium  salt  of  the 
phostonic  acid  was  similarly  treated  and  yielded  2.6  g.  of  aniline  salt, 
which  was  96%. 

This  hydrolysis  of  the  phostonic  acid  to  the  hydroxy-phosphonic  acid 
could  be  followed  by  determining  the  increase  in  acidity  of  a  solution  of 
the  barium  salt  on  boiling  with  water,  o.  194  g.  of  the  salt  (neutral  to 
phenolphthalein)  was  boiled  with  55  cc.  of  water  under  a  return  con- 
denser. At  the  end  of  3V2  hours  the  solution  required  0.00029  equiva- 
lent of  sodium  hydroxide  for  neutralization;  the  hydrolysis  was  thus 
36%  complete.  In  similar  experiments  dil.  hydrochloric  acid  was  sub- 
stituted for  water  and  the  net  gain  in  acidity  determined.  With  a  total 
acid  concentration  of  0.033  AT,  the  hydrolysis  was  49%  complete  in  3 
hours,  and  67%  in  16  hours.  With  an  acid  concentration  of  0.1  Nf  in 
1  hour  45%  was  converted;  in  8  hours,  66%.  The  reaction  is  evidently 
accelerated  by  the  presence  of  the  hydrogen  ion. 

Reaction  in  Glacial  Acetic  Acid. 

In  the  first  experiments  with  glacial  acetic  acid  as  a  medium  the  alde- 
hyde and  kcid  were  mixed  together  and  the  trichloride  run  in  slowly  from 
a  dropping  funnel.  The  reaction  mixture  was  then  allowed  to  stand  at  a 
definite  temperature.  Test  samples  were  withdrawn  from  time  to  time 
and  added  to  water.  The  amount  of  unreacted  benzaldehyde  was  de- 
termined in  the  specially  constructed  pipet  previously  referred  to.  It 
was  found  that  at  temperatures  below  25  °  the  reaction  proceeded  very 
slowly;  at  temperatures  above  40 °,  on  the  other  hand,  the  reaction  seemed 
to  proceed  rapidly,  but  never  more  than  70%  of  the  aldehyde  was  used 
up.  This  was  undoubtedly  due  to  the  rapid  reaction  of  the  trichloride 
directly  with  the  acetic  acid  at  this  temperature.  The  most  favorable 
temperature  was  30 °  to  35  °.  Even  under  these  conditions,  however,  about 
15%  of  the  benzaldehyde  was  recovered  unchanged. 

The  best  results  were  obtained  by  first  cautiously  mixing  the  aldehyde 


Digitized  by 


Google 


ADDITION  REACTIONS  OF  PHOSPHORUS  HALIDES.     I.  2347 

and  trichloride  at  20  °  to  40  °,  allowing  the  mixture  to  stand  for  one  or  two 
hours  and  then  adding  glacial  acetic  acid.  The  mixture  was  then  kept 
between  300  and  35  °  and  allowed  to  stand  for  one  or  two  hours  longer. 
At  the  end  of  this  time  the  reaction  was  complete  and  all  the  aldehyde 
had  reacted  as  shown  by  the  absence  of  any  oil  when  the  mixture  was 
poured  into  water.  In  all  these  experiments  a  10%  excess  of  trichloride 
was  used  and  an  amount  of  acetic  acid  equivalent  to  3  or  4  mols.  per  mol. 
of  aldehyde. 

In  the  preparation  of  hydroxy-benzyl  phosphonic  acid  by  this  method 
the  reaction  mixture  is  poured  into  water  and  evaporated  to  dryness. 
The  syrup  which  is  left  deposits  crystals  of  the  add  on  cooling.  These 
may  be  freed  from  adhering  syrup  on  a  porous  plate  and  recrystallized 
from  dil.  hydrochloric  acid.  However,  the  yield  is  low  by  this  procedure 
because  of  the  difficulty  of  handling  the  easily  soluble  phosphonic  acid  in 
the  presence  of  a  little  phosphoric  acid  formed  by  a  side  reaction.  The 
acid  may  be  more  conveniently  isolated  as  the  aniline  salt. 

A  typical  preparation  of  the  hydroxy-benzyl  phosphonic  acid  by  this 
procedure  follows.  Ten  g.  of  benzaldehyde  (one  mol.)  and  14  g.  of  phos- 
phorus trichloride  (one  mol.  +  10%  excess)  were  cautiously  mixed  in  a 
flask  fitted  with  a  calcium  chloride  drying  tube.  After  standing  for 
one  hour,  18  g.  (3  mol.)  of  glacial  acetic  acid  was  added  and  the  mixture 
allowed  to  stand  for  3  hours.  The  temperature  was  kept  between  25  ° 
and  350  during  the  entire  experiment.  The  mixture  was  then  poured 
into  200  cc.  of  water  and  evaporated  to  dryness  on  the  steam-bath.  The 
crude  acid  was  dissolved  in  a  little  alcohol  and  the  solution  diluted  with 
100  cc.  of  ether.  10  g.  of  aniline  dissolved  in  10  cc.  of  ether  was  then 
added  and  the  precipitate  of  the  aniline  salt  filtered  off.  Yield,  18  g.9 
or  72%.  The  isolation  of  the  free  acid  from  this  salt  has  already  been 
described. 

The  phostonic  acid  is  formed  directly  in  the  reaction  in  glacial  acetic 
acid  but  is  slowly  changed  into  the  hydroxy-phosphonic  acid  on  standing. 
The  following  experiments  illustrate  this.  Ten  g.  of  aldehyde,  13  g.  of 
trichloride,  and  17  g.  of  acetic  acid  were  allowed  to  react  as  just  described. 
The  reaction  mixture  was  then  evaporated  under  diminished  pressure  at 
50  °  for  2  hours.  A  colorless  gum  was  left.  This  gum  was  dissolved  in  a 
little  water  and  treated  with  the  calculated  amount  of  a  solution  of  barium 
hydroxide.  The  solution  was  made  barely  alkaline  with  ammonia  and 
the  white  precipitate  filtered,  washed,  and  dried;  yield,  9.5  g.,  or  43%, 
Tests  on  the  salt  showed  that  it  was  the  barium  salt  of  the  phostonic  add. 
A  similar  experiment  was  carried  out  and  the  reaction  mixture  allowed  to 
stand  for  7  days  before  evaporation.  Three  g.  of  the  barium  salt  was 
obtained  which  is  only  a  J 3%  yidd.  Hydrogen  chloride  accelerates  this 
conversion  of  the  phostonic  ftcid  into  the  hydroxy-phosphonic  add  in  acetic 
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acid  solution.  A  reaction  was  carried  out  in  the  usual  way  with  acetic 
acid  and  the  mixture  then  saturated  with  dry  hydrogen  chloride  and  al- 
lowed to  stand  overnight.  The  amount  of  barium  salt  obtained  corre- 
sponded to  only  1 6%. 

The  mixture  of  acid  chloride  and  anhydride  obtained  in  the  experiments 
with  acetic  anhydride  was  dissolved  in  acetic  acid  and  the  solution  satura- 
ted with  dry  hydrogen  chloride.  After  standing  overnight,  53%  of  barium 
salt  was  obtained  by  the  usual  procedure.  In  similar  experiments  only 
30%  of  salt  was  obtained  after  3  days  standing  and  only  22%  after  1 1 
days.  A  sample  of  the  original  mixture  of  acid  chloride  and  anhydride 
yielded  63%  of  the  barium  salt  when  treated  directly  with  water  and 
barium  hydroxide.  It  is  evident  that  in  glacial  acetic  acid  the  phosphorus 
oxygen  ring  is  slowly  opened  by  hydrogen  chloride. 

Summary. 

1.  Phosphorus  trichloride  forms  an  addition  compound  with  benz- 
aldehyde.  The  reaction  is  reversible  and  quantitative  experiments  show 
that  the  factors  governing  the  equilibrium  can  be  expressed  in  terms  of 
the  law  of  mass  action. 

2.  The  values  obtained  for  the  equilibrium  constant  vary  from  6.9  to 
8.3  the  average  is  7.4. 

3.  The  addition  compound  reacts  with  acetic  anhydride  forming  acetyl 
chloride  and  a  mixture  of  an  acid  anhydride  and  an  acid  chloride. 

4.  The  structures  of  the  anhydride  and  the  chloride,  and  in  turn  that 
of  the  addition  product,  follow  from  their  transformation  by  water  into 
the  monobasic  acid.  This  acid  can  be  hydrolyzed  to  hydroxy-benzyl-phos- 
phonic  acid.  It  therefore,  contains  a  3-membered  carbon  oxygen  phos- 
phorus ring;  it  is  suggested  that  acids  of  this  type  be  called  phostonic  acids. 

5.  Benzaldehyde,  phosphorus  trichloride  and  glacial  acetic  acid  react 
to  form  acetyl  chloride  and  the  phostonic  acid  together  with  some 
hydroxy-phosphonic  acid.  Dilution  with  water  and  subsequent  evapora- 
tion of  the  solution  to  dryness  converts  the  phostonic  acid  into  the  hydroxy- 
phosphonic  acid.  The  latter  acid  can  be  conveniently  isolated  in  the 
form  of  an  aniline  salt. 

CAummtDon,  Ma**. 
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[Contribution  prom  the  Department  of  Chemistry,  Yale  University.] 

RESEARCHES   ON   PYRIMIDINES.    LXXXIX.  THE   CONDENSA- 
TION OF  BENZAMIDINE  WITH  ETHYL  7-DIETH- 
OXY-ACETO-ACETATE. 

By  Treat  B.  Johnson  and  Louis  A.  Mikeska. 

Received  August  11,  192a 

It  has  been  shown  in  a  previous  paper  from  the  Sheffield  Laboratory1 
that  ethyl  7-diethoxy-aceto-acetate  condenses  smoothly  with  thio-urea 
in  the  presence  of  sodium  ethylate  to  give  the  thiopyrimidine  (I),  contain- 
ing an  acetal  grouping  in  the  4-position  of  the  pyrimidine  ring.  This 
acetal  group  is  very  susceptible  to  hydrolysis  in  acid  solution,  and,  by 
digestion  of  the  pyrimidine  (I)  with  hydrochloric  acid,  is  easily  destroyed 
in  this  case  with  formation  of  the  corresponding  aldehyde  group  as  is 
represented  in  Formula  II.  In  fact,  this  is  the  only  synthetical  method 
that  has  yet  been  developed  for  the  introduction  of  an  aldehyde  group  into 
the  pyrimidine  ring,  and  is  apparently  a  reaction  of  general  application  in 
the  uracil  series.  Desulfurization  of  the  thiopyrimidine  (II)  leads  to  the 
production  of  the  corresponding  oxygen  derivative,  uracil-aldehyde  (III), 
a  pyrimidine  combination  of  biochemical  interest,  and  one  whose  value 
for  synthetical  work  in  this  series  has  not  yet  been  realized. 

NH  —  CO  NH  —  CO  NH  —  CO 

II  II  II 

CS        CH  CS        CH  CO        CH 

I  II       /OC,H6      I  II  I  II 

NH . . . .  C.CH^  NH  —  C.CHO  NH  —  C.CHO 

X)C,H, 
(I).  (II).  (HI). 

It  became  of  special  interest  to  us  in  the  development  of  different  phases 
of  our  researches  on  amines  to  extend  the  application  of  our  method  of 
synthesizing  cyclic  aldehydes  in  the  pyrimidine  series.  We  have,  there- 
fore, turned  our  attention  to  an  investigation  of  the  behavior  of  ethyl 
7-diethoxy-aceto-acetate  towards  amidine  combinations.  Theoretically 
this  ester  should  interact  with  amidines  in  a  manner  similar  to  that  of 
ethyl  aceto-acetate  to  give  representatives  of  a  new  class  of  pyrimidine 
acetals  which,  on  hydrolysis,  should  undergo  conversion  into  their  corre- 
sponding aldehydes.  The  successful  application  of  this  synthesis  with 
amidines  would  make  possible  the  preparation  of  representatives  of  a  new 
type  of  cyclic  amine  compounds  which  give  promise  of  having  considerable 
interest  from  a  pharmacological  standpoint.  With  the  exception  of  the 
work  that  has  been  contributed  dealing  with  the  chemistry  of  diethyl- 
barbituric  acid  (IV)  and  related  compounds,  practically  no  attention  has 
been  paid  to  the  pharmacology  of  pyrimidine  compounds.  The  unsaturated 
or  simplest  forms  of  pyrimidine  compounds  contain  the  characteristic 
1  Johnson  and  Cretcher,  This  Journal,  37,  2144  (1915). 
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NH  — CO 
I  l/CA 

CO      c< 

I        |\a 

NH  — CO 

(IV). 

nitrogen  carbon  linking  . .  .N  =  CR  —  NH. . .,  which  is  known  to  ex- 
hibit, in  other  cyclic  series,  marked  physiological  properties.  It  is  not  im- 
probable, therefore,  that  a  careful  pharmacological  and  physiological 
study  of  pyrimidines  containing  this  amidine  grouping  will  reveal  to  us 
other  combinations  which  may  prove  to  be  as  important  medicinally  as 
the  hypnotics  discovered  in  the  barbituric  acid  series.  With  a  reactive 
aldehyde  group  present  in  such  combinations  we  would  have  at  our  com- 
mand means  of  introducing  synthetically  into  the  cycle  a  great  variety 
of  side  groups  through  application  of  reactions  characteristic  of  this  un- 
saturated grouping. 

The  work  which  we  now  describe  in  this  paper  is  of  a  preliminary  nature 
and  deals  only  with  a  study  of  the  behavior  of  ethyl  7-diethoxy-aceto- 
acetate  towards  benzamidine.  We  find  that  these  reagents  have  a  very 
pronounced  affinity  for  each  other,  and,  by  interaction,  lead  to  a  variety 
of  condensation  products  depending  upon  the  experimental  conditions 
employed. 

Benzamidine  reacts  with  ethyl  7-diethoxy-aceto-acetate  to  form  3 
different  compounds,  2  of  which  are  acyclic  and  one  cyclic  in  nature.  If 
the  amidine  is  allowed  to  interact  with  the  0-ketone  ester  in  molecular 
proportions,  and  in  the  absence  of  free  alkali,  they  combine  smoothly 
with  loss  of  alcohol  giving  an  acyclic  combination  to  which  we  have  as- 
signed the  constitution  expressed  in  Formula  VIII.  The  reaction  takes 
place  at  ordinary  temperature,  and  this  compound  (VIII)  is  apparently 
the  only  product  formed  under  such  conditions.  The  evidence  which 
has  led  us  to  assign  to  this  condensation  product  this  constitution  and 
not  that  of  an  acrylic  acid  (IX),  or  a  cyclic  salt  (X),  are  the  facts  that  (1) 
it  is  not  stable  in  the  presence  of  alkali,  and  (2)  it  undergoes  a  smooth  re- 
arrangement by  such  treatment,  or  when  heated  above  its  melting  point, 
to  give  the  normal  pyrimidine  (VI).  In  other  words,  benzamidine  reacts 
with  this  ketone  ester  in  a  manner  similar  to  diethyl  oxalyl-acetate  which 
Pinner  observed  to  condense  with  benzamidine  as  shown  below.1 

NH 
/NH,  || 

C.HftC^  +  CjHiOOC.CHfCOCOOCH*  -  CO^C.NH.COCHiCOCOOCiH, 

^NH 

Condensation  of  benzamidine  with  the  0-ketone  ester  in  aqueous  solu- 
tion and  in  the  presence  of  a  molecular  proportion  of  alkali  leads  to  an 
1  "Imidoaether,"  pp.  255-6.     Gustave  Schmidt,  Berlin  (1892). 
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entirely  different  result.  Here  we  obtained  no  evidence  of  the  formation 
of  the  compound  represented  by  Formula  VIII.  The  chief  product  of 
reaction  was  the  normal  pyrimidine  acetal  (VI).  Along  with  this,  a  sec- 
ondary product  was  formed  to  which  we  assigned  the  constitution  of  a 
crotonic  acid  derivative  represented  by  Formula  VII.  This  substance 
very  probably  results  from  the  action  of  benzamidine  on  the  acyl- 
benzamidine  (VIII).  We  were  not  able  to  submit  this  substance  to  a 
careful  investigation  on  account  of  the  small  amount  of  material  avail- 
able. 

2-Phenyl-6-oxy-4-aldehydo-pyrimidine  (XII)  is  formed  almost  quanti- 
tatively by  acid  hydrolysis  of  its  corresponding  acetal  (VI).  While  this 
pyrimidine-aldehyde  gives  all  the  reactions  characteristic  of  its  class,  we 
have  not  represented  it  structurally  as  containing  a  free  aldehyde  group. 
The  compound  contains  a  molecule  of  water  which  is  so  firmly  bound 
that  we  have  represented  it  structurally  as  water  of  constitution  instead 
of  water  of  crystallization.  In  other  words,  the  pyrimidine  (XII)  bears 
the  same  relationship  to  its  corresponding  aldehyde  as  chloralhydrate 
does  to  chloral.  The  aldehyde  hydrate  interacts  with  hydroxylamine, 
as  might  be  expected,  to  form  the  oxime  of  the  aldehyde  (XI).  On  re- 
duction with  stannous  chloride  the  latter  is  transformed  smoothly  into  the 
amine  (XIII).  This  is  the  first  amine,  containing  the  amino  group  in  an 
aliphatic  side  chain  of  the  pyrimidine,  to  be  synthesized  in  this  series. 
These  various  transformations  are  expressed  by  the  following  formulas. 
(C,HtO)sCHCOCH,COOC,H, 

*  v  \  NH 

II 
NH— CO  NH— CO  C«H*C NH— CO 

II  II  I 

C«H»C        CH         * —      C,H6C        CHi  CH 

II         II  II         I  II 

N C.CH(OdH»)i  NH     CO.CH(OC,H,),    C«H6.C— NH— C.CH(OCiH6)i 

II 

NH       (VII). 

NHt    COOH 

I  I 
C«H,C          CH 

II  II 
N C.CH(OC,H5), 

(IX). 

NH,.0  —  CO 

I 
C«H*C  CH 

II 
-CCH(OClHi), 
(XIII).  (X). 
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Further  work  dealing  with  a  study  of  the  reactions  of  pyrimidine  alde- 
hydes is  in  progress.  The  amine  combinations,  which  we  propose  to  syn- 
thesize and  of  which  the  pyrimidine  (XIII)  is  our  first  representative,  will  be 
subject  to  a  pharmacological  research  in  order  to  determine  whether  they 
possess  any  specific  therapeutic  value.  It  is  our  intention  to  prepare  also 
the  higher  homologues  of  pyrimidines  corresponding  to  Formula  XIII 
and  related  compounds  in  which  the  amino  group  is  linked  to  carbons  in 
the  p  and  7  positions,  respectively,  with  respect  to  the  pyrimidine  cycle. 

Experimental  Part. 

Ethyl  7-Diethoxy-aceto-acetate,  (QHbO^CH.CO.C^COOQHb.— 
This  ester  was  prepared  by  condensing  ethyl  diethoxy-acetate  with  ethyl 
acetate  according  to  the  procedure  described  in  a  previous  paper  from  this 
laboratory.1 

The  Condensation  of  Ethyl  7-Diethoxy-aceto-acetate  with  Ben- 
zamidine:  7-Diethoxy-j8-benzamidino-crotonyl-benzamidine.  Formula 
VII. — Benzamidine  and  ethyl  diethoxy-aceto-acetate  (V)  interact  at 
ordinary  temperature  and  if  the  operation  is  conducted  according  to  the 
following  procedure  it  is  possible  to  isolate  and  identify  2  definite  products 
of  reaction.  Ten  g.  of  the  ketone  ester  is  dissolved  in  sufficient  10% 
sodium  hydroxide  solution  to  form  the  sodium  salt  of  the  ester.  A  molec- 
ular proportion  (7. 15  g.)  of  the  hydrochloride  of  benzamidine  is  also  dis- 
solved in  the  same  amount  of  10%  sodium  hydroxide  solution  to  liberate 
the  free  benzamidine  base.  Then  these  two  akaline  solutions  are  mixed, 
and  the  resulting  solution  allowed  to  stand  at  ordinary  temperature. 
The  slight  evolution  of  heat  which  occurs  when  the  2  solutions  are  mixed 
indicates  immediate  reaction.  After  this  mixture  has  stood  for  about  24 
hours,  a  crystalline  substance  begins  to  deposit;  when  the  reaction  has 
proceeded  for  2  days,  this  solid  is  separated  by  filtration  and  the  aqueous 
filtrate  saved  (see  below).  The  weight  of  this  insoluble  product  is  gen- 
erally about  3 .  o  g.  It  was  colorless  and  crystalline  and  was  purified  by 
crystallization  from  hot  alcohol  in  which  solvent  it  is  quite  soluble.  It 
crystallized  in  prismatic  crystals  and  exhibited  the  characteristic  property 
of  possessing  a  double  melting  point.  The  compound  first  melts  at  106  ° 
to  an  oil,  then  solidifies  in  the  capillary  tube ;  on  further  heating,  it  melts 
at  1 36  °  to  a  clear  oil  with  slight  effervescence.  The  compound  is  insolu- 
ble in  alkali  and  soluble  in  acids. 

Calc.  for  C22H26O3N:  N,  14.2.     Found:  13.96. 

The  alkaline  filtrate  saved  above  was  exactly  neutralized  by  addition 
of  the  required  amount  of  hydrochloric  acid,  whereupon  a  crystalline 
product  immediately  separated  in  the  form  of  a  voluminous  colorless  pre- 
cipitate.    The  compound  is  soluble  in  an  excess  of  hydrochloric  acid.     It 
1  Johnson  and  Cretcher,  he.  cit 
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was  purified  without  difficulty  by  crystallization  from  boiling  95%  alcohol 
from  which  is  separated,  as  the  solution  cooled,  in  the  form  of  slender 
needles.  These  melted  at  1750.  A  complete  analysis  of  this  substance 
indicated  that  we  were  dealing  with  a  true  pyrimidine  combination, 
namely,  2~phmyl-4<diethoxymethyl-6-oxypyrimidine,  Formula  VI. 

Calc.  for  CiftHiiOjNt:  C,  65.6;  H,  6.57;  N,  10.2.    Found:  C,  654;  H,  6.50;  N, 
10.  z. 

2-Phenyl-6-oxy-4-aldehydo-pyrimidine.  Formula  XII. —  This  new 
pyrimidine  aldehyde  is  easily  obtained  by  digesting  its  acetal,  described 
above,  with  dil.  hydrochloric  acid.  On  evaporating  the  solutipn  to  dry- 
ness the  pyrimidine  is  obtained  in  a  crystalline  condition  and  is  easily 
purified  by  crystallization  from  water  or  95%  alcohol.  The  aldehyde  is 
quite  soluble  in  this  solvent.  It  melts  at  205  °.  The  results  obtained  by 
analysis  showed  that  we  are  dealing  here  with  a  compound  containing  a 
molecule  of  water.  It  is  bound,  however,  very  firmly  in  the  pyrimidine 
molecule,  and  the  fact  that  it  cannot  be  expelled  by  heating  at  135  °  indi- 
cates that  it  is  not  linked  as  water  of  crystallization  but  as  water  of  con- 
stitution as  in  chloral  hydrate. 

Calc.  for  CuHioO»Ni:  N,  12.8.    Found:  12.63. 

Condensation  of  Benzamidine  with  the  0-Ketone  Ester  in  Neutral 
Solution. — The  2  compounds  described  above  and  represented  in  the 
introduction  of  this  paper  by  Formulas  VII  and  VI  are  products  of  the 
condensation  reaction  between  the  0-ketone  ester  and  benzamidine  when 
applied  in  the  presence  of  2  molecular  proportions  of  sodium  hydroxide. 
An  entirely  different  result  is  obtained  if  the  0-ketone  ester  (V)  is  added 
directly  to  an  aqueous  solution  of  the  free  amidine  in  the  absence  of  alkali. 
A  molecular  proportion  of  the  amidine  hydrochloride  (7. 15  g.)  was  first 
dissolved  in  a  10%  alkaline  solution  containing  in  solution  1 .  83  g.  of  sodium 
hydroxide.  To  this  solution  the  /3-ketone  ester  was  added  when  there 
was  an  immediate  reaction  with  evolution  of  heat.  A  yellow  oil  began  to 
separate  immediately  and  within  a  few  minutes,  if  it  was  stirred,  it  solidi- 
fied completely.  After  the  reaction  mixture  had  stood  at  ordinary  tem- 
perature for  about  48  hours,  the  reaction  was  considered  complete  and  the 
crystalline  product  then  separated  by  filtration.  It  was  purified  by  crys- 
tallization from  95%  alcohol  and  separated  from  the  solution  as  it  cooled, 
in  the  form  of  colorless  crystals  which  melted  constant  at  145  °  with  slight 
evolution  of  gas.  This  decomposition  involves  a  profound  change  which 
is  a  very  characteristic  property  of  this  substance.  If  the  temperature 
of  the  sulfuric  acid  bath  is  held  at  the  temperature  of  decomposition, 
namely,  145 °,  this  solid  melts  completely;  then  the  oil  solidifies  entirely 
and  the  new  substance  does  not  melt  until  it  is  heated  to  1740.  (This 
change  will  be  discussed  below.)  The  compound  melting  at  145  °  did 
not  lose  water  at  100  °,  and  was  extremely  soluble  in  sodium  hydroxide 
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solution.  The  properties  of  the  substance  and  the  results  obtained  by 
complete  analysis  proved  that  we  were  not  dealing  here  with  a  pyrimidine 
combination,  but  with  one  of  3  cyclic  derivatives,  namely,  7-diethoxy-0- 
benzamidino-crotonic  acid  (DC),  a  salt  (X),  or  an  acyl  derivative  of  benz- 
amidine,  represented  structurally  by  Formula  VIII.  The  chemical  proper- 
ties of  the  compound  and  the  conditions  under  which  it  is  formed  have 
led  us  to  assign  to  it  provisionally  the  constitution  of  y-dieihoxy-aceioacetyU 
benzamidine,  Formula  VIII. 

Calc.  for  Ci»H»04Nj:  C,  61.64;  H,  6.86;  N,  959.    Found:  C,  61.74;  H,  7.2 ;  N,  9.S. 

Rearrangement  of  7-Diethoxy-acetoacetyl-benzamidine  (VIII)  into 
2-Phenyl-4^ethoxy-methyl-6-oxypyrimidine  (VH). — As  stated  above, 
the  substance  melting  at  1450  undergoes  a  rearrangement  at  this  tempera- 
ture, being  transformed  into  a  product  melting  at  1740.  This  latter  com- 
pound proved  to  be  identical  with  2-phenyl-4-diethoxy-methyl-6-oxy- 
pyrimidine,  VI.  It  crystallized  from  boiling  95%  alcohol  in  the  form  of 
needles,  and  when  mixed  with  the  acetal  the  melting  point  was  not  altered. 
This  acyclic  compound  (VIII)  is  also  rearranged  into  the  pyrimidine  (VI) 
by  the  action  of  alkali.  About  0.8  g.  of  the  compound  was  dissolved  in 
7  cc.  of  a  10%  aqueous  solution  of  sodium  hydroxide  and  the  solution  al- 
lowed to  stand  at  ordinary  temperature  for  12  hours.  On  acidifying  with 
hydrochloric  acid  the  pyrimidine  melting  at  172-30  separated  at  once. 
The  same  transformation  could  also  be  brought  about  within  a  few  min- 
utes by  simply  heating  the  alkaline  solution  of  the  acyclic  compound. 

The  Oxime  of  2-Phenyl-6-oxy-4-aldehydo-pyrimidine,  CuKUQjN*. 
Formula  XI. — This  compound  can  be  prepared  by  dissolving  the  pyrim- 
idine aldehyde  (XII)  (0.97  g.)  in  10  cc.  of  water  containing  in  solution  0.5 
g,  of  sodium  hydroxide  or  slightly  more  than  2  molecular  proportions  of 
alkali,  and  then  adding  to  this  solution  a  molecular  proportion  of  hydroxyl- 
amine  hydrochloride.  The  mixture  is  then  allowed  to  stand  at  ordinary 
temperature  for  6  to  8  hours  and  the  alkaline  condition  finally  neutral- 
ized with  dil.  acetic  acid.  The  oxime  separates  at  once  upon  neutraliza- 
tion and  can  be  purified  by  crystallization  from  alcohol.  It  melts  with 
decomposition  at  about  268  °.  This  method  of  operating  does  not  always 
lead,  however,  to  a  pure  sample  of  the  oxime.  Oftentimes  the  oxime  is 
accompanied  by  a  powder  which  is  insoluble  in  alcohol  and  contains  sodium. 
In  fact,  it  is  extremely  difficult  to  remove  this  element,  when  present,  by 
treatment  with  acids.  In  order  to  obtain  the  oxime  quantitatively  and 
free  from  sodium  the  following  procedure  is  recommended:  dissolve  the 
aldehyde  in  boiling  water  and  add  to  the  aqueous  solution  a  concentrated 
aqueous  ■  solution  containing  a  molecular  proportion  of  hydroxylamine 
hydrochloride.  The  oxime  will  separate  instantaneously  and  the  yield 
is  practically  quantitative. 

Calc.  for  CiiH«OtNi:  N,  19.5.    Found:  19.33,  19.4. 
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Reduction  of  the  Oxime  CnHtOsNs,  Formula  XI,  to  the  Corresponding 
Amine  2-Phen^-4-Aminomethyl-6H>zypyrimidine  CuHuONs.  Formula 
Sill. — The  reduction  of  the  oxime  is  easily  brought  about  by  the  action 
of  tin  chloride  in  hydrochloric  acid  solution.  For  2  g.  of  the  oxime  we 
used  6  g.  of  the  tin  salt.  The  reaction  is  allowed  to  proceed  at  ordinary 
temperature  for  about  24  hours  and  finally  at  45-50  °  for  2  hours.  The 
tin  is  then  removed  in  the  usual  manner  by  precipitation  as  sulfide,  and 
the  aqueous  solution  evaporated  to  dryness  in  vacuo.  The  pyrimidine 
base  is  obtained  in  the  form  of  a  stable,  crystalline  hydrochloride,  which 
is  easily  purified  by  crystallization  from  95%  alcohol.  This  salt  is  color- 
less and  melts  with  decomposition  at  263-5°. 

Subs.,  dried  at  ioo°. 

Calc.  for  OjHuONlHCI:  N,  1772.    Found:  17.6. 

Summary. 

1.  Benzamidine  condenses  with  ethyl  7-diethoxy-aceto-acetate  in  the 
presence  of  alkali  to  give  the  pyrimidine,  2-phenyl-4-diethoxy-methyl-6- 
oxypyrimidine  (VI). 

2.  Hydrolysis  of  this  pyrimidine  (VI)  leads  to  the  formation  of  the  corre- 
sponding pyrimidine  aldehyde  which  exists  in  the  form  of  a  stable  hy- 
drate (XII). 

3.  The  pyrimidine  aldehyde-2-phenyl-6-oxy-4-aldehydo-pyrimidine  (XII) 
interacts  normally  with  hydroxylamine  to  give  an  oxime,  which  is  con- 
verted by  reduction  into  2-phenyl-4-ammomethyl-6-oxypyrimidine  (XIII). 

4.  Benzamidine  and  ethyl  7-diethoxy-aceto-acetate  interact  in  neutral 
solution  with  formation  of  diethoxy-acetoacetyl-benzamidine  (VIII). 

N*w  Havbn,  Cokn. 


[Contribution  from  thb  Chemical  Laboratory  op  the  James  Buchanan  Brady 
Uroi^gicai,  Institute,  Johns  Hopkins  Hospital.] 

MERCURY  DERIVATIVES  OF  PHTHALEINS.1 

By  Edwin  C.  Whits. 

Received  August   11,  1920. 

During  the  past  3  years  the  writer  and  collaborators  have  been  engaged 
an  studies  of  organic  mercury  compounds,  particularly  with  reference 
to  their  use,  both  internally  and  locally,  in  the  treatment  of  genito-urinary 
infections  and  of  syphilis.  The  results  obtained  in  the  laboratory  and  the 
clinic  with  some  of  these  compounds*  have  been  of  sufficient  value  to 

1  This  work  was  carried  out  with  the  aid  of  funds  granted  by  the  United  States 
Interdepartmental  Social  Hygiene  Board  for  Research  in  the  prevention  and  treatment 
of  venereal  diseases. 

1  E.  G.  Davis,  E.  C.  White  and  R.  Rosen,  "Urinary  Antisepsis,"  J.  Urology,  2, 
277  (1918);  J.  E.  Burns,  E.  C.  White  and  J.  G.  Cheetham,  "Experimental  Nephropathy 
Produced  by  a  Mercury  Derivative  of  Phenolsulphonphthalein,"  ibid.,  3,  1  (19x9); 
H.  H.  Young,  E.  C.  White  and  E.  O.  Swartz,  "A  New  Germicide  for  Use  in  the  Genito- 
urinary Tract — Mercurochrome-220,"  J.  Am.  Med.  Assn.,  73,  1483  (1919). 
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warrant  a  description  of  the  preparation  and  properties  of  these  substances, 
particularly  because  little  of  a  chemical  nature  has  heretofore  appeared 
in  regard  to  mercurated  phthaleins  and  because  the  methods  used  by  the 
writer  differ  from  the  method  described  in  the  meager  literature  available. 

This  literature  consists  solely  of  2  German  patents.  Pauly  and  Trau- 
mann1  prepared  derivatives  containing  as  many  as  4  "or  more"  atoms  of 
mercury  by  the  action  of  mercuric  chloride  on  the  sodium  salt  of  fluo- 
rescein or  halogenated  fluorescein.  Their  statement  that  the  latter  is 
used  instead  of  "phthalsSure  fluorescein"  indicates  that  the  halogen  was 
in  the  phthalic  acid  residue,  not  in  the  phenolic  part  of  the  molecule. 
The  process  was  as  follows.  The  nearly  neutral  solution  of  the  phthalein 
(i.  e.t  one  containing  about  2  molecules  of  sodium  hydroxide  to  one  mole- 
cule of  phthalein)  was  boiled  with  the  desired  amount  of  mercuric  chlor- 
ide, the  precipitate  first  formed  was  dissolved  by  treatment  with  sodium 
carbonate  and  the  solution  was  evaporated  to  dryness.  No  analysis  or 
evidence  of  structure  is  given  in  the  patent,  nor  is  there  any  indication  of 
the  nature  of  the  inorganic  group  held  by  the  second  bond  of  the  mercury 
atom,  a  most  important  consideration  when  substances  of  this  kind  are 
to  be  used  for  pharmacological  purposes. 

Fahlberg,  List  and  Co.2  extend  the  process  of  the  earlier  patent  to  in- 
clude a  number  of  other  phthaleins  and  succineins.  The  materials  cov- 
ered by  these  patents  were  studied  pharmacologically  by  Klages  and 
Schreiber,8  Titze  and  Wedemann,4  and  Hahn  and  Kostenbader.5  The 
mercury  content  of  these  compounds  as  given  in  the  last  article  indicates 
that  many  of  them  were  not  single,  definite  compounds,  but  were  prob- 
ably mixtures.  In  only  a  few  cases  is  the  inorganic  group  held  by  the 
mercury  indicated,  so  that  the  nature  of  the  substances  worked  with  is 
not  fully  shown. 

Of  the  compounds  described  in  the  present  paper,  only  one,  a  derivative 
of  phenolphthalein,  is  crystalline.  The  others  are  amorphous  and  their 
chemical  identification  depends  on  a  knowledge  of  the  parent  phthalein, 
determination  of  mercury  content,  and  in  some  cases,  of  the  second  group 
attached  to  the  mercury  atom.  Melting  points,  which  in  the  case  of  the 
crystalline  mercury  derivatives  of  certain  phenols  and  amines  afford,  in 
connection  with  analytical  data,  a  means  of  rigidly  establishing  chemical 
and  physico-chemical  identity,  are  not  shown  by  any  of  the  mercurated 
phthaleins.  In  other  words,  the  chemical  data  on  these  compounds  can 
establish  only  identity  of  composition  as  between  2  substances  of  this 
1  Pauly  and  Trauman,  D.  R.  P.,  201,903. 

*  Fahlberg,  List  &  Co..  D.  R.  P.,  308,  335;  C.  A.,  13,  1621  (1919). 

•  Klages  and  Schreiber,  17th  Internal.  Cong.  Med.,  1913.    Report  of  Section  of 
Therapeutics,  p.  95. 

4  Titze  and  Wedemann,  Centr.  Baktcriol.,  57,  (I),  Referate  179  (1913). 

9  Hahn  and  Kostenbader,  Z.  Chemother apie,  Originalabhandlungen,  2,  (I),  71(1912). 
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class,  and  cannot  show  possible  differences  such  as  isomerism  or  variation 
in  the  state  of  molecular  aggregation.  Differences  of  this  kind  have  a 
fundamental  bearing  on  the  biological  behavior  of  dyes,  as  is  shown,  for 
example,  in  the  work  of  Schuleman1  on  vital  staining.  It  should  be 
remembered  that  salts  of  acids  of  high  molecular  weight,  such  as  we  have 
in  most  dyes,  show  in  solution  more  or  less  pronounced  colloidal  prop- 
erties. The  physico-chemical  characteristics  of  a  dye  are,  therefore, 
almost  as  important  as  the  purely  chemical  ones  when  the  dye  is  to  be 
used  for  pharmacological  study  or  for  clinical  administration.  Identity 
of  composition  may  or  may  not  mean  identity  of  biological  behavior,  and 
for  this  reason  in  our  work  we  have  adopted  the  safe  course  of  considering 
as  different  individuals  any  2  substances  which,  though  of  the  same  com- 
position, are  not  made  by  precisely  the  same  procedure.  In  at  least  one 
case  we  have  found  that  2  presumably  identical  samples  made  by  different 
methods  showed  a  marked  difference  in  toxicity. 

In  order  to  distinguish  the  substances  described  in  this  paper  as  well 
as  other  mercurated  dyes  to  be  reported  later,  the  generic  name  "Mer- 
curochrome"  has  been  coined,  the  individual  member  of  the  group  being 
indicated  by  suffixing  the  laboratory  number.  The  purpose  of  this  no- 
menclature is  practical  rather  than  scientific,  since  one  member  of  the 
group — dibromo-hydroxymercury-fluorescein,  number  220 — has  come  into 
considerable  clinical  use  as  a  local  urinary  disinfectant2  and  the  chemical 
name  is  too  unwieldy  for  the  clinician. 

The  position  of  the  mercury  in  these  compounds  has  not  been  rigidly 
demonstrated,  but  there  is  strong  presumptive  evidence  that  the  metal 
enters  the  phenolic  residues,  in  position  ortko  to  the  hydroxyl  or  the 
quinone  oxygen.  Mercuration  in  general  is  a  process  quite  analogous  to 
halogenation,  nitration  and  sulfonation;  and  since  none  of  these  processes 
leads  to  substitution  in  the  phthalic  acid  residue  of  phthaleins,  but  goes 
only  as  far  as  tetra  substitution  in  the  phenolic  residues  it  is  to  be  pre- 
sumed that  mercury  also  enters  these  residues.  Moreover,  if  the  4  ortho 
positions  mentioned  above  are  occupied,  as  in  the  case  of  eosin,  mercury 
cannot  be  substituted  in  the  molecule  by  any  method  tried  in  this  work. 
The  method  used  in  the  German  patents,  the  second  of  which  makes  a 
claim  for  a  mercury  derivative  of  tetrabromo-fluorescein  was  also  tried 
several  times  with  eosin,  and  although  mercuric  chloride  was  used  in  one 
case  and  mercuric  acetate  in  another,  in  both  experiments  a  mercury 
salt  of  the  dye,  as  indicated  by  its  insolubility  in  alkali,  was  the  only 
product  obtained.  (Possibly  the  tetrabromo-fluorescein  of  the  patent  was 
the  derivative  of  tetrabromo-phthalic  acid.)  If,  on  the  other  hand,  2 
of  the  ortho  positions  are  occupied,  as  in  the  dibromo-fluorescein  or  0- 

1  Schuleman,  Biochem.  Z.,  80,  1  (19 17). 
1  Young,  White  and  Swartz,  he.  cit. 
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cresol-phthalein,  exhaustive  mercuration  leads  to  a  product  containing  no 
more  than  2  atoms  of  mercury,  corresponding  to  the  2  unoccupied  posi- 
tions. Finally,  if  the  phthalein  contains  no  substituent  groups  in  the 
ortho  positions,  as  in  fluorescein  or  phenolsulfon-phthalein,  4  atoms  of 
mercury,  and  no  more,  can  be  made  to  enter  the  molecule  by  the  methods 
used  in  this  work.  The  behavior  of  phenolphthalein  is  rather  peculiar, 
as  the  product  of  exhaustive  mercuration  in  this  case  seems  to  contain 
only  3  atoms  of  the  metal. 

The  effect  produced  on  color  by  the  introduction  of  mercury  into  the 
phthalein  appears  to  be  qualitatively  the  same  as  that  produced  by  halo- 
gens, but  is  much  less  intense.  It  it  is  considerable  only  in  compounds 
containing  at  least  2  mercury  atoms.  Thus,  the  tetramercury  derivative 
of  fluorescein  with  alkali  gives  a  notably  redder  tint  than  fluorescein  itself 
produces,  but  far  less  red  than  is  that  of  eosin.  The  monomercury  deriv- 
ative of  fluorescein,  on  the  other  hand,  appears  to  the  eye  to  have  prac- 
tically the  same  color  as  fluorescein,  though  it  is  possible  the  spectroscope 
might  show  some  difference.  The  same  is  true  in  the  case  of  phenol- 
phthalein, whose  trimercury  derivative  gives  an  intense  bluish-purple  salt, 
whereas  the  monomercury  derivative  gives  a  salt  of  the  same  pink  color 
as  is  given  by  the  parent  substance.  The  dimercury  derivative  of  0- 
cresol-phthalein,  which  represents  the  maximum  degree  of  mercuration, 
likewise  gives  an  intense  bluish-purple  color  with  alkali.  The  monomer- 
cury derivative  of  phenolsulfon-phthalein  shows  the  same  color  and  about 
the  same  range  of  color  change  on  the  hydrogen-ion  scale  as  does  phenol- 
sulfon-phthalein, but  the  salt  of  the  tetramercury  derivative  shows  a 
much  bluer  nuance,  the  difference  being  most  marked  as  the  solution  is 
diluted.  The  last-named  compound  is  interesting,  also,  because  it  shows 
the  effect  of  organically-bound  mercury  in  decreasing  solubility.  Although 
phenolsulfon-phthalein  is  fairly  soluble  in  water,  to  form  a  yellow  solu- 
tion, the  tetramercury  derivative  is  entirely  insoluble.  It  can  be  boiled  for 
hours  without  imparting  the  slightest  trace  of  color  to  the  water,  even 
though  the  filtrate  is  made  alkaline. 

The  readiness  with  which  phthaleins  undergo  substitution  by  mercury 
is  shown  by  the  variety  of  conditions  under  which  the  reaction  will  pro- 
ceed. The  dye  may  be  in  solution,  either  in  alcohol  as  the  free  acid  or 
in  water  as  the  salt,  or  it  may  be  used  in  a  state  of  suspension  in  water. 
The  mercury  may  be  used  in  an  insoluble  form,  as  the  oxide,  or  in  solu- 
tion, preferably  the  acetate.  The  nature  of  the  product  and  maximum 
degree  of  substitution  attainable  will  vary  with  the  conditions  chosen. 
Two  general  reactions  were  used,  the  action  of  yellow  mercuric  oxide  on 
a  solution  of  a  phthalein  salt  and  the  action  of  mercuric  acetate  on  the 
free  phthalein.  The  first  of  these  reactions  appears  to  proceed  as  far  as 
the  substitution  of  3  atoms  of  mercury  in  phenolsulfon-phthalein,  but 
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does  not  go  beyond  the  second  stage  of  substitution  in  fluorescein.  In 
phenolphthalein  the  substitution  of  even  the  first  atom  of  mercury  takes 
place  with  some  difficulty,  and  in  dibromo-fluorescein  and  eosin  no  sub- 
stitution at  all  occurs  by  this  method. 

The  second  reaction  will  lead  to  the  maximum  degree  of  substitution 
permitted  by  the  free  ortho-positions,  with  the  exception,  already  noted, 
of  phenolphthalein.  The  phthalein  may  be  used  in  alcoholic  solution, 
or  if  it  is  insoluble  in  alcohol,  it  may  be  suspended  in  water.  In  the 
former  case,  an  acetozy-mercury  derivative,  RHgOOCCHj  is  formed,  but 
in  the  latter  case  the  acetic  acid  is  partially  removed  by  hydrolysis  and  there 
results  a  mixture  of  acetoxy-mercury  and  hydroxymercury  derivatives.  In 
the  case  of  the  monomercury  derivative  prepared  in  this  way  from  dibromo- 
fluorescein — llMe^curoch^ome-22o,, — the  hydrolysis  is  practically  complete. 

Method  of  Analysis. — When  the  mercury  is  bound  to  acetic  acid  the 
latter  is  determined  by  distillation  with  steam  in  the  presence  of  phos- 
phoric add,  a  method  used  by  Brieger  and  Schuleman,1  who,  however, 
give  no  details.  The  following  procedure  was  found  satisfactory  About 
0.5  g.  of  the  substance  is  weighed  into  a  300-cc.  Claisen  flask,  10  to  15 
cc.  of  syrupy  phosphoric  acid  is  added,  then  about  100  cc.  of  water.  The 
steam-delivery  tube  passes  through  the  long  neck  of  the  flask,  the  short 
neck  being  closed  by  a  rubber  stopper.  By  bending  slightly  the  delivery 
tube  leading  to  the  condenser  the  flask  is  tilted  towards  the  steam  gen- 
erator, the  short  neck  thus  serving  as  an  excellent  trap  to  catch  any  spray 
containing  phosphoric  acid.  The  steam  distillation  is  continued  until  no 
more  acetic  acid  comes  over,  as  indicated  by  titration  of  the  distillate 
with  0.1  N  alkali.  If  the  steam  current  is  vigorous,  usually  the  process 
is  complete  when  about  300  cc.  of  distillate  has  been  collected. 

In  the  determination  of  mercury,  the  organic  matter  is  destroyed  by 
permanganate  and  sulfuric  acid.  About  0.2  g.  of  the  substance  is  weighed 
into  an  800-cc.  Pyrex  Kjeldahl  flask  and  10  cc.  of  cone,  sulfuric  acid  is 
added  to  the  flask  which  is  tilted  to  allow  the  acid  to  run  along  the  neck 
slowly,  so  as  to  wash  down  any  adherent  particles.  To  mix  the  materials 
the  flask  is  shaken  gently  and  heated  until  the  acid  begins  to  fume  mod- 
erately. This  treatment  should  yield  a  clear  solution  or  an  even  suspen- 
sion. The  mixing  must  be  continued  until  no  lumps  are  left.  Finely 
powdered  potassium  permanganate  is  now  added  little  by  little;  each  time 
as  much  as  can  be  held  on  the  end  of  a  pen-knife  blade  is  used,  and  the 
materials  are  thoroughly  mixed  after  each  addition.  The  slight  flash  which 
sometimes  occurs  is  of  no  danger.  The  addition  of  permanganate  is  con- 
tinued until  a  considerable  excess  of  the  brown  oxide  is  present,  which  may  be 
recognized  by  the  development  of  a  green  color  (manganate)  on  further  appli- 
cation of  heat.  From  one  to  1 .5  grams  of  permanganate  is  required.  The 
1  Brieger  and  Schuleman,  /.  prakt.  Chem.  (2)  89,  97  (19 14). 
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heating  must  be  regulated  so  that  the  bottom  of  the  neck  of  the  flask  does 
not  become  hot  to  the  touch;  there  is  then  no  danger  of  loss  of  mercury 
by  volatilization.  When  the  mixture  has  cooled  to  room  temperature  it 
is  diluted  with  about  100  cc.  of  water  and  powdered  oxalic  acid  is  added 
until  a  clear  solution  is  obtained.  This  is  transferred  to  a  beaker,  and 
filtered,  if  necessary,  to  remove  any  undissolved  particles  of  oxide.  The 
volume  is  made  up  to  about  200  cc.  with  the  rinsings,  and  when  the  solu- 
tion is  cool,  the  mercury  is  precipitated  by  hydrogen  sulfide  and  weighed. 
The  Gooch  crucible  is  preferably  prepared  with  a  disc  of  filter  paper  under 
the  asbestos;  the  mercury  sulfide  can  then  be  filtered  with  the  greatest 
ease.  Controls  nm  by  this  method,  with  various  phthaleins  and  known 
amounts  of  mercuric  chloride,  showed  that  98-99%  of  the  mercury  is 
recovered. 

A  similar  method  was  used  by  Rupp  and  Kropat,1  who,  however,  car- 
ried out  the  oxidation  in  alkaline  solution.  In  either  method,  if  halogens 
are  absent,  the  mercury  may  be  determined  volumetrically  with  potas- 
sium thiocyanate. 

Experimental. 

Action  of  Mercuric  Oxide  on  Phenolphthalein. — Three  g.  of  phenol- 
phthalein  was  dissolved  in  25  cc.  of  N  sodium  hydroxide  solution,  the  solu- 
tion was  made  up  to  about  150  cc.  with  water  and  boiled  with  3  grams  of 
yellow  oxide  of  mercury  for  3  hours.  Some  reduction  of  the  oxide  or 
decomposition  of  the  mercuration  product  took  place;  this  was  indicated 
by  the  formation  of  a  small  amount  of  very  fine  gray  precipitate  whkb 
appeared  to  be  mercury  or  perhaps  mercurous  oxide.  This  material 
which  occurs  to  some  extent  in  every  case  ^f  the  action  of  mercuric  oxide 
on  a  phthalein  salt,  could  not  be  removed  by  filtration.  It  was,  there- 
fore, allowed  to  settle  in  a  tall  cylinder  for  several  days,  the  clear  super- 
natant liquid  was  poured  off,  and  centrifuged  to  remove  remaining  traces 
of  the  gray  substance.  The  mercurated  phthalein,  precipitated  by  car- 
bon dioxide,  settles  out  as  a  slightly  purplish,  milky  precipitate.  It  wis 
separated  and  washed  by  centrifuging,  dried  on  the  water-bath,  tbes 
washed  with  alcohol,  and  dried  at  no°. 
Subs.,  0.2000:  HgS,  0.0820. 
Calc.  for  C10H11O4  (Hg  OH):  Hg,  373-     Found:  353- 

The  substance  was  insoluble  in  all  the  usual  solvents  except  glacial 
acetic  acid,  in  which  it  gave  a  turbid  solution.  It  could  not  be  crysti- 
lized.  Its  color  with  alkali  is  the  same  as  that  of  phenolphthalein.  Tk 
analysis  indicates  a  monomercurated  derivative  containing  a  small  amount 
of  unchanged  phenolphthalein. 

Action  of  Mercuric  Oxide  on  Fluorescein. — Two  hundred  cc.  of  0.1  S 
sodium  hydroxide  solution  was  saturated  with  about  3.5  g.  of  fluoresces] 
1  Rupp  and  Kropat,  Apotheker  Ztg.t  1912,  p.  377. 
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and  without  filtering  off  the  excess  of  fluorescein,  5  g.  of  mercuric  oxide 
was  added.  The  mixture  was  boiled  for  4  hours,  while  water  was  added 
to  replace  that  lost  by  evaporation.  After  it  was  clarified  by  centrifug- 
ing  and  evaporated  to  dryness  on  the  steam-bath,  it  gave  an  iridescent 
green  scaly  product. 

Subs.,   1.5278:  Loss,  0.12 15  at  1150. 
Subs.,  0.2000:  HgS,  0.1068. 

Calc.  for  C»HtOtNa  (HgOH)t:  Hg,  49.6.    Found:  Hg  (calc.  to  dry  basis)  49.9; 
H,0,  7.9. 

This  experiment  was  repeated  with  10  g.  of  mercuric  oxide.  When  the 
mixture  was  boiled  for  9  hours,  it  gave  a  solution  which  contained  some 
of  the  oxide  in  colloidal  suspension.  It  could  not  be  completely  clarified 
by  centrifuging  or  by  adsorbents,  so  it  was  evaporated  to  dryness  after 
removing  as  much  as  possible  by  means  of  the  centrifuge.  Even  with 
the  extra  mercury  thus  contained,  the  amount  was  less  than  that  required 
for  a  trisubstitution  product,  which  showed  that  the  substitution  of  mer- 
cury by  this  reaction  does  not  proceed  beyond  the  second  stage.  Of  course, 
if  only  one  equivalent  of  mercuric  oxide  is  used,  mono-hydroxymercury- 
fluorescein  can  be  prepared.  By  treatment  of  the  solution  of  the  salt 
with  dil.  hydrochloric  acid,  if  it  is  stirred  thoroughly  and  an  excess  of 
acid  is  avoided,  chloromercury-fluoreseein  is  precipitated  as  a  caseous 
mass.  After  washing  the  material  until  it  is  free  of  chlorides  by  centri- 
fuging, a  sample  was  dried  and  analyzed  for  chlorine  by  the  lime  method. 
In  this  way  all  the  mercury  is  removed  by  volatilization,  so  that  no  mer- 
cury is  left  to  interfere  with  the  precipitation  of  silver  halide. 

Subs.,  0.1 1 10:  AgCl,  0.0282. 

Calc.  for  CjoHnOftCHgCl):  CI,  6.26.     Found:  6.28. 

If  it  is  desired  to  isolate  the  free  hydroxymercury-fluorescein,  very  dil. 
sulfuric  acid  is  used  instead  of  hydrochloric  acid;  the  precipitate  is  of  the 
same  pasty  nature  in  both  cases.  The  salt  of  dihydroxymercury-fluor- 
escein  shows  a  rather  pronounced  eosin-like  color,  though  the  red  is  not 
nearly  so  intense  as  that  of  eosin. 

Action  of  Mercuric  Oxide  on  Phenolsulfon-phthalein. — Five  cc. 
of  N  sodium  hydroxide  solution  was  diluted  to  about  150  cc.  and  the 
solution  was  saturated  •  with  phenolsulfon-phthalein — about  2  g. — so 
as  to  insure  the  absence  of  any  dibasic  salt.  Without  filtering  the  excess, 
6  g.  of  mercuric  oxide  was  added  and  the  mixture  was  boiled  for  4  hours. 
The  purplish  solution  was  centrifuged  and  evaporated  to  dryness  on  the 
water-bath;  the  residue  was  powdered  and  dried  at  no°.  The  material 
formed  a  purple  powder  with  a  bronze  luster. 

Subs.,  0.2000:  HgS,  0.1333. 

Calc.  for  Ci,Hl905SNa(H$OH)?:  Hg,  58.7.     Found:  37.4. 
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The  use  of  the  disodium  salt  instead  of  the  monosodium  salt  seems  to 
interfere  with  the  reaction.  This  is  shown  by  the  following  experiment: 
3*5  g*  of  phenolsulfon-phthalein,  20  cc.  of  sodium  hydroxide  solution, 
250  cc.  of  water  and  $,  g-  of  mercuric  oxide  were  boiled  for  9  hours.  After 
clarification  of  the  solution  by  centrifuging,  the  dye  was  precipitated  by 
dil.  sulfuric  acid  and  the  precipitate  was  washed  free  from  sulfate  by 
centrifuging,  and  then  dried. 

Subs.,  0.2000:  HgS,  0.1028. 

Calc.  for  CifHii05S(HgOH)i:  Hg,  50.9.    Found:  44.3. 

In  this  case,  even  long  boiling  with  an  excess  of  the  oxide  did  not  cause 
the  reaction  to  proceed  completely  to  the  second  stage,  although  it  passed 
the  first  stage,  which  requires  a  mercury  content  of  35.1%. 

Action  of  Mercuric  Acetate  on  Phenolphthalein. — Three  g.  of  the 
phthalein  was  dissolved  in  50  cc.  of  alcohol  and  mixed  with  a  filtered 
solution  of  25  g.  (8  mols)  of  mercuric  acetate  in  50  cc.  of  water  and  50  cc. 
of  glacial  acetic  acid.  At  room  temperature  overnight  no  reaction  oc- 
curred beyond  the  formation  of  a  small  amount  of  mercurous  acetate. 
The  color  of  a  sample  when  heated  with  alkali  was  that  of  the  unchanged 
phthalein.  The  mercurous  acetate  was  removed  and  the  filtrate  heated 
on  the  steam-bath.  In  about  2  hours  rosets  of  stout  bladed  crystals 
began  to  form  rapidly.  The  heating  was  continued  for  one  hour  longer 
and  the  mixture  was  allowed  to  stand  overnight.  The  crystal  paste  was 
filtered,  washed  with  alcohol  to  remove  unchanged  phenolphthalein,  then 
with  water  acidulated  with  acetic  acid  and  finally  with  water  to  remove 
the  excess  of  mercury  salt.  The  crystals  were  dried  in  the  air  for  several 
days  and  at  100  °  for  one  hour.  The  analysis  indicates  tri-acetoxy-mer- 
cury-phenolphthalein 

Subs.,  0.2000:  HgS,  0.1292. 

Distn.  with  HjP04:    Subs.,  0.5000:  14.4  cc.  0.1  N  NaOH. 
Subs.,  0.8648:  Loss  0.0420,  dried  to  constant  weight  at  1200. 
Calc.  for  CjoH,i04(HgOOCCHi)i:  Hg,  55.0;  CHjCOOH,  16.4;  loss  at  120,  5.4. 
Found:  Hg,  556;  CHiCOOH,  17.1;  loss,  4.8. 

In  view  of  the  slightly  high  value  found  for  acetic  acid  and  the  loss 
at  1200,  it  was  thought  that  the  substance  in  hand  might  possibly  be  a 
tetramercury  derivative  containing  acetic  acid  of  crystallization.  It  was 
found,  however,  that  these  values  do  not  agree* nearly  so  well  with  the 
formula  for  any  such  substance  as  they  do  with  that  of  the  trimercury 
derivative  given  above,  which  contains  no  solvent  of  crystallization.  The 
loss  at  1200  is  to  be  ascribed  to  the  elimination  of  one  molecule  of  acetic 
acid,  formed  by  one  of  the  acetate  groups  and  the  hydrogen  of  an  hydroxyl, 
thus:1 

1  In  unpublished  work,  the  writer  has  noticed  a  similar  elimination  of  acetic  add 
in  the  case  of  mercury  derivatives  of  certain  simpler  phenols. 


Digitized  by 


Google 


MERCURY  DERIVATIVES  O*  PHTHALEINS.  2363 

R<^\)H  — >    r/^>o-|  . 

NffgOOCCH,  ^Hg 

Tri-acetoxy-mercury-phenolphthalein  is  insoluble  in  all  the  usual  solv- 
ents, but  is  readily  and  completely  soluble  in  a  solution  of  sodium  hydrox- 
ide with  the  production  of  a  deep  purple  color.  This  shows  that  the 
bladed  crystals  are  not  mercurous  acetate  and  do  not  contain  any  appre- 
ciable amount  of  it.  The  alkaline  solution  is  decolorized  by  carbon  diox- 
ide, and  solutions  of  the  salt  on  standing  some  time  deposit  a  small  amount 
of  gray  substance,  probably  metallic  mercury. 

A  product  which  gives  the  same  analysis  and  shows  the  same  prop- 
erties, but  consists  of  minute  granules,  is  obtained  if  only  4  equivalents  of 
mercuric  acetate  are  used.  This  material  is  easily  soluble  in  hot  glacial 
acetic  acid,  from  a  mixture  of  which,  with  water  and  alcohol,  it  can  be 
crystallized,  in  the  form  of  bladed  crystals,  which  are  almost  insoluble  in 
acetic  acid. 

Action  of  Mercuric  Acetate  on  Fluorescein. — Three  and  three-tenths  g. 
of  fluorescein  was  dissolved  in  200  cc.  of  0.1  N  sodium  hydroxide  solution 
and  acidified  with  5  cc.  of  glacial  acetic  acid.  To  this  was  added  the 
filtered  solution  of  25  g.  (about  8  mols)  of  mercuric  acetate  in  200  cc.  of 
water  slightly  acidulated  with  acetic  acid  to  prevent  hydrolysis.  The 
mixture  was  boiled  for  10  hours,  while  water  was  added  to  keep  the  vol- 
ume about  constant,  washed  free  from  mercury  by  the  centrifuge  and 
dried.  There  was  some  mechanical  loss  by  the  washing,  as  a  portion 
formed  a  fine  suspension  which  could  not  be  clarified.  The  yield  of 
product  was  about  10  g. 

Subs.,  0.2000,  0.2000:  HgS,  0.1450,  0.1447. 

Distn.  with  H»PO«:    Subs.,  0.5000:  5.5  cc.  0.1  N  NaOH. 

Hg.  CHsCOOH. 

Calc.  for  C»H,Oa(HgOH), 61 .3  o 

C»H«0,(HgOH)« 66.9  o 

CHtO,(HgOOCCH,), 54  3  16.2 

CpH^HgOOCCH*), 58.7  17.5 

Found 62 .5,  62 .3  6 .6 

These  figures  indicate  that  the  product  is  a  mixture  of  tetra-hydroxy- 
mercury-fluorescein  and  tetra-acetoxymercury-fluorescein,  the  former 
predominating  and  probably  being  formed  from  the  latter  by  hydrolysis. 
Calculation  indicates  that  the  latter  is  present  to  the  extent  of  6.6/17.5, 
or  37.7%.  If  the  remainder,  or  62.2%,  is  the  tetrahydroxy  derivative, 
the  mercury  content  of  the  mixture  should  be: 

37.7  X  58-7  +  62.2  X  66.9  m  fi     % 

IOO 

The  calculated  value  is  so  dose  to  that  found  that  the  composition  of  the 
mixture  seems  fairly  exactly  fixed. 
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The  substance  is  insoluble  in  the  usual  solvents,  soluble  in  alkali  with 
a  color  similar  to  that  of  dihydroxy-mercury-fluorescein.  On  treatment  of 
the  alkaline  solution  with  iodine  the  brilliant  color  of  erythrosin  is  pro- 
duced, and  the  product  stains  the  skin  a  bright  rose  color,  whereas  the 
mercury  compound  has  only  feeble  staining  power. 

Action  of  Mercuric  Acetate  on  o-Cresol-phthalein. — Three  g.  of  the 
phthalein  in  50  cc.  of  alcohol  was  treated  with  25.  of  mercuric  acetate  in 
50  cc.  water  and  50  cc.  glacial  acetic  acid.  Since  no  precipitate  formed 
when  this  mixture  was  heated  for  2  hours  on  the  steam-bath,  the  heating 
was  continued  overnight.  A  pasty  precipitate,  representing  most  of  the 
material,  was  produced.  It  contained  much  mercurous  acetate,  in  addi- 
tion to  the  mercuration  product,  and  could  not  be  purified.  Alcohol 
added  to  the  solution  precipitated  a  further  small  amount  of  mercurous 
acetate  in  fine  crystals.  After  filtering  these  off,  the  filtrate  was  diluted 
with  a  large  amount  of  water  and  after  standing  for  some  time  the  yellowish 
granular  material  was  filtered  off.  To  remove  any  unchanged  cresol- 
phthalein  it  was  ground  up  and  washed  thoroughly  with  alcohol,  in  which 
it  was  only  slightly  soluble.  The  residue  was  dissolved  in  hot  50%  acetic 
acid,  from  which  on  standing  a  slightly  yellow,  granular  precipitate  set- 
tled. It  could  not  be  crystallized;  so  it  was  pressed  between  paper,  dried 
at  105  °  and  analyzed.  The  yield  was  very  small. 
Subs.,  0.1 000:  HgS,  0.0550. 
Calc.  for  C«H„04(HgCK)CCHi)a:  Hg,  46.6.    Found:  47.4. 

This  substance  dissolves  in  alkali  with  a  brilliant  purple  color.  The 
shade  is  much  deeper,  i.  e.t  bluer,  than  that  of  the  analogous  derivative  of 
phenolphthalein. 

Action  of  Mercuric  Acetate  on  Dibromo-fluorescein. — Forty-nine  g. 
of  dibromo-fluorescein  was  dissolved  in  8  g.  of  sodium  hydroxide  in  50 
cc.  of  water,  and  diluted  to  200  cc.  This  solution  was  stirred  and  treated 
with  12.5  cc.  of  glacial  acetic  acid.  An  even,  pasty  precipitate  was  formed 
if  the  stirring  was  vigorous.  A  solution  of  22.5  g.1  of  mercuric  oxide  in 
25  cc.  of  glacial  acetic  acid  and  50  cc.  of  water,  diluted  after  solution 
to  100  cc.,  previously  prepared  and  filtered,  was  added  to  the  dye  sus- 
pension and  the  whole  was  diluted  to  a  volume  of  about  500  cc.  The 
mixture  was  boiled  until  a  portion  of  filtered  solution  when  treated  with 
ammonium  sulfide  gave  no  test  for  mercury.  In  various  preparations  the 
time  required  was  4.5  to  6  hours.  As  the  solution  boiled,  the  precipitate 
became  darker  in  color  and  somewhat  more  granular.  The  filtration, 
however,  was  difficult,  so  the  material  was  washed  by  centrifuging 
to  remove  acetic  acid  and  sodium  acetate,  and  dried  at  no°.  The  yield 
was  almost  quantitative. 

1  The  theoretical  amount  for  one  equivalent  is  21.7  g.  The  excess  uqed  takes  care 
of  the  amount  lost  as  mercurous  acetate,  which  is  always  formed  in  small  amount jwhen 
commercial  yellow  oxide  of  mercury  is  dissolved  in  acetic  acid. 
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Subs.,  0.2000:  HgS,  0.0657. 

Distn.  with  H»P04:    Subs.,  0.5000:  0.5  cc.  0.1  N  NaOH. 

Calc.  for  CttHtOiBnCHgOOCCH,):  Hg,  26.8;  CH,COOH,  8.0.     Calc.  for  C»Hr 
0»Br*(HgOH):  Hg,  28.4;  CH,COOH,  0.0.     Found:  Hg,  28.3;  CH,COOH,  0.6. 

These  results  indicate  that  the  product  is  dibromo-hydroxymercury- 
fluorescein.  The  hydrolysis  of  the  acetoxy-mercury  compound,  which  is 
probably  formed  as  an  intermediate  step,  appears  to  be  almost  if  not  quite 
complete.  It  is  possible  that  the  small  titration  value  found  for  the  dis- 
tillate from  the  phosphoric  acid  is  due  to  a  small  amount  of  sodium  acetate 
that  was  not  removed  in  the  washing. 

Dibromo-hydroxymercury-fluorescein  is  a  red  powder  which,  when 
ground  up,  shows  marked  electric  properties;  it  sticks  to  glass  or  paper 
even  when  perfectly  dry.  It  is  insoluble  in  the  usual  solvents,  but  dis- 
solves in  2  equivalents  of  sodium  hydroxide,  to  give  a  deep  cherry-red 
solution.  This  solution  is  fairly  stable,  but  on  long  standing  a  small 
amount  of  metallic  mercury  or  mercurous  oxide  may  settle  out.  This 
decomposition  seems  to  be  retarded  if  the  solution  is  kept  in  dark  bottles. 
The  free  acid  is  also  completely  soluble  in  ammonium  sulfide;  from  this 
solution  mercuric  sulfide  is  precipitated  only  slowly.1 

Action  of  Mercuric  Acetate  on  Phenolsulf on-phthalein.  —  Three 
and  a  half  g.  of  the  dye  was  dissolved  in  200  cc.  of  0.1  N  solution  of  sodium 
hydroxide,  acidified  with  10  cc.  of  glacial  acetic  acid,  which  did  not  re- 
precipitate  the  phthalein,  and  treated  with  the  filtered  solution  of  15  g. 
of  mercuric  acetate  in  100  cc.  of  water.  The  solution  was  boiled  for  3 
hours,  at  the  end  of  which  time  a  somewhat  crusty  precipitate  had  formed. 
The  precipitate  was  washed  free  of  salts  by  centrifuging  and  dried.  It 
formed  a  dark  brown  powder,  insoluble  in  the  usual  solvents  except  methyl 
alcohol,  with  which  it  gave  a  slight  color,  and  boiling  glacial  acetic  acid, 
with  which  it  gave  an  intense  purple-red  solution.  This,  however,  con- 
tained only  a  small  amount  of  dissolved  material,  and  a  crystalline  product 
was  not  obtained.  The  substance  dissolved  in  a  dilute  solution  of  sodium 
hydroxide  with  a  bluish-purple  color,  much  deeper  than  that  of  the  parent 
substance. 

Subs.,  0.2000:  HgS,  0.1442. 

Distnr  with  H1PO4:    Subs.,  0.5000:  5.2  cc.  0.1  N  NaOH. 

Cak.   for   CuHnASCHgOH)*:  Hg,   65.8;   CH,COOH,   o.     Calc.   for   Ci*H,0O*S- 
(HgOOC  CH,)4:  Hg,  57  8;  CH.COOH,  17.2.     Found:  Hg,  62.1;  CH,COOH,  6.2. 

These  figures  indicate  that  a  mixture  of  the  hydroxymercury-  and  acet- 
oxymercury-derivatives  was  formed,  as  in  the  case  of  fluorescein.  If  the 
1  The  disodium  salt  of  dibromo-hydroxymercury-fluorescein,  "Mercurochrome- 
220,"  has  found  some  use  as  therapeutic  agent  and  is  being  prepared  on  a  commercial 
scale.  The  product  has  been  found  to  contain  about  23%  of  mercury  and  about  8% 
of  moisture.  The  mercury  content  calculated  to  a  dry  basis  varies  from  24  to  25% 
instead  of  the  theoretical  value  of  26.8%  for  a  pure  salt.  Probably  the  difference  is 
due  to  the  presence  of  a  small  amount  of  sodium  ace^a^e. 
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content  of  acetoxymercury-derivative  is  6.2/17.2  or  36.0%,  the  mercury 

content  of  the  mixture  should  be  36.o  X  57-8  +  64.0  X  65.8^  ^ 

100 
a  figure  in  close  agreement  with  that  found. 

Some  of  the  product  was  boiled  a  long  time  with  a  large  amount  of 
water  in  an  attempt  to  complete  the  hydrolysis.  No  change  in  the  ma- 
terial appeared  to  take  place  and  the  mercury  content  was  not  increased, 
as  would  have  been  the  case  had  further  hydrolysis  taken  place.  An 
attempt  was  made  to  secure  a  product  free  from  combined  acetic  acid  by 
dissolving  the  material  in  a  10%  solution  of  sodium  hydroxide  and  pre- 
cipitating it  with  sulfuric  acid,  but  this  led  to  considerable  decomposition. 

Summary. 

Two  processes  of  mercuration  are  described  which  are  applicable  to 
phthaleins.  The  substitution  of  mercury  is  analogous  to  sulfonation, 
halogenation  or  nitration,  and  the  metal  enters  the  phenolic  group  of  the 
phthalein  molecule,  in  the  oriho  position  to  the  hydroxyl  or  the  quinone 
oxygen.  The  number  of  atoms  of  mercury  entering  the  molecule  is  limited 
by  the  number  of  such  free  oriho  positions,  and  if  all  4  are  occupied  no 
substitution  of  mercury  takes  place. 

Mercury  derivatives  containing  from  one  to  4  atoms  of  the  metal  have 
been  prepared  from  the  following  phthaleins;  phenolphthalein,  o-cresol- 
phthalein,  fluorescein,  di-bromo-fluorescein  and  phenolsulfon-phthalein. 
The  methods  of  substitution  differ  from  those  used  in  the  earlier  literature 
on  mercurated  phthaleins. 

It  is  pointed  out  that  chemical  composition  alone  does  not  fix  the  iden- 
tity of  biological  behavior  or  therapeutic  effect  of  compounds  of  this  class, 
and  that  samples  cannot  be  considered  identical  unless  they  are  made  in 
precisely  the  same  way  and  have  the  same  composition. 

Baltimore  Md. 


[Contribution  from  thb  Chemical  Laboratory  op  Cornell  University.] 

TETRACHLORO-PHENOLPHTHALEIN. 

By  E.  T.  Whiting. 

Received  August  13,  192a 

As  this  derivative  of  phenolphthalein  had  never  been  made  and  as  it 
was  desirable  to  measure  its  ultra-violet  and  visible  absorption,1  its  prep- 
aration was  undertaken  by  the  author  at  the  suggestion  of  Professor 
W.  R.  Orndorff  and  under  the  direction  of  Dr.  S.  A.  Mahood. 

Numerous  attempts  to  chlorinate  phenolphthalein  in  alkaline  solution 
and  in  carbon  tetrachloride  resulted  in  failure.  Tetrachloro-phenol- 
phthalein  was  finally  made  by  the  following  method.  50  g.  of  pure  phenol- 
1  See  Phys.  Rev.  N.  S.,  io,  779  (1917)  for  the  absorption  curves. 
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phthalein  (m.  p.  253  °)  was  suspended  in  500  cc.  of  pure  glacial  acetic  add 
and  62  g.  of  chlorine  dissolved  in  975  cc.  of  glacial  acetic  acid  was  slowly 
added,  the  mixture  being  stirred  vigorously  with  a  mechanical  stirrer. 
The  phenolphthalein  dissolved  completely  within  %/a  hour,  and  on  stand- 
ing overnight  some  of  the  tetrachloro  product  crystallized  out.  This  was 
filtered  off  and  the  solution  concentrated  by  distilling  off  a  large  portion 
of  the  solvent  when  most  of  the  material  in  solution  crystallized  out  in 
colorless  crystals.  45  g.  of  the  pure  tetrachloro-phenolphthalein,  melting 
at  2150,  was  obtained.  Some  of  this  was  recrystallized  twice  from  ben- 
zene and  found  to  have  the  same  melting  point.  The  crystals  from 
glacial  acetic  acid  and  from  benzene  contained  no  solvent  of  crystalliza- 
tion, as  was  shown  by  the  very  slight  loss  in  weight  they  sustained  when 
heated  to  200  °.  Analyses  for  chlorine  were  made  on  both  products, 
after  heating  to  constant  weight  at  150  °,  by  the  lime  method.1 

Subs,  (from  benzene)  (I),  0.3040;   (II)  (0.4290  from  glacial  acetic  acid);   (III) 
0.1896;  (IV)  c.2840:  (I)  0.1  N  AgNO,,  26.59;  (II)  3767;  (HI)  16.66;  (IV)  24.86. 

Calc.   for  C»HioO«Cl4:  CI,   31.11.    Found:  (1)  31.01;   (II)   3113;   (HI)   3*  15; 
(IV)  31-04;  average,  31.08. 

It  will  be  seen  from  these  analyses  that  the  product  was  very  pure 
This  was  the  material  used  in  measuring  the  absorption  spectra  by  Pro- 
fessor R.  C.  Gibbs  and  Drs.  H.  E.  Howe  and  E.  P.  T.  Tyndall,  of  the  De- 
partment of  Physics,  Cornell  University. 

Tetrachloro-phenolphthalein  is  soluble  in  methyl  and  in  ethyl  alcohols, 
in  acetone  and  in  ethyl  acetate.  It  is  not  very  soluble  in  benzene  in  the 
cold,  but  dissolves  readily  in  boiling  benzene  and  crystallizes  out  on 
cooling  in  well-formed  colorless  crystals.  It  is  also  soluble  in  glacial 
acetic  acid  and  crystallizes  well  from  this  solvent.  It  is  insoluble  in 
petroleum  ether  and  in  water.  In  dil.  caustic  alkalies,  provided  they  are 
not  used  in  excess,  it  dissolves  with  a  violet  color,  and  adds  precipi- 
tate the  phthalein  from  this  solution  in  colorless,  amorphous  flocks.  Ether 
shaken  with  this  mixture  dissolves  the  precipitate.  In  excess  of  caustic 
alkalies  the  phthalein  dissolves  forming  a  colorless  solution  of  the  salt 
of  the  carbinol  carboxylic  acid,  which  crystallizes  out  of  the  solution  in 
colorless  needles  when  alcohol  is  added  and  the  mixture  allowed  to  stand 
for  a  few  days.  A  very  slight  excess  of  alkali  decolorizes  the  violet-colored 
solution  of  the  phthalein  in  dil.  alkali.  When  heated  this  colorless  solu- 
tion does  not  become  violet.  Alcohol  also  decolorizes  the  violet  solution 
of  the  phthalein  in  dil.  alkalies,  and  the  colorless  solution  becomes  violet 
when  heated.  On  cooling  it  again  becomes  colorless.  It  dissolves  in  a 
10%  solution  of  sodium  carbonate  with  the  same  violet  color,  but  the  solu- 
tion is  not  completely  decolorized  by  an  excess  of  the  solvent,  although 
the  color  becomes  much  fainter.    On  warming  this  solution  the  color 

1  Am.  Chem.  J.t  41,  397  Ow)- 
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deepens.  In  a  cold  10%  sodium  hydrogen  carbonate  solution  the  phthalein 
is  almost  insoluble,  imparting  only  a  faint  violet  tint  to  the  solution  on 
standing.  In  excess  of  a  strong  solution  of  ammonia  in  water  it  dissolves 
with  a  violet  color.  On  boiling  the  ammonia  from  this  solution  the 
colorless  phthalein  separates  in  crystalline  form.  On  shaking  the  violet- 
colored  sodium  carbonate  solution  several  times  with  ether  the  color  is 
completely  removed,  all  the  phthalein  going  into  the  ether.  On  the 
other  hand,  all  the  phthalein  can  be  removed  from  an  ether  solution  by 
shaking  it  a  number  of  times  with  sodium  carbonate  solution.  The 
phthalein  dissolves  in  cone,  sulfuric  acid  with  a  bright  red  color,  proba- 
bly forming  an  oxonium  sulfate  of  the  quinoid  modification.  Water  pre- 
cipitates the  unchanged  phthalein  from  this  solution  in  the  amorphous 
condition  readily  soluble  in  ether. 

The  phthalein  dissolves  in  colorless  nitrobenzene  on  warming  and  the 
solution  has  no  color. 

As  the  tetrachloro-phenolphthalein  resembles  the  tetrabromo-phenol- 
phthalein  so  closely,  both  in  its  chemical  and  its  physical  properties,  and 
is  made  in  the  same  way,  it  is  highly  probable  that  it  contains  2  chlorine 
atoms  in  each  ring  ortho  to  the  hydroxyl  group,  a  structure  analogous  to 
that  deduced  by  Baeyer  for  the  tetrabromo-phenolphthalein.1 

Tetrachloro-phenolphthalein  Diacetate. — This  product  was  made 
by  heating  the  phthalein  with  pure  acetic  anhydride  for  an  hour,  cooling 
and  adding  absolute  ethyl  alcohol  to  remove  the  excess  of  acetic  anhy- 
dride and  precipitating  with  water.  It  melted  sharply  at  1170.  After 
drying  to  constant  weight  in  the  water  oven  it  was  analyzed  for  chlorine 
by  the  lime  method. 

Subs.,  0.3088,  0.2295:  0.1   N  AgNOlf  22.80,  16.86. 
Calc.  for  the  diacetate:  CI,  26.26.     Found:  26.17,  26.04. 

The  diacetate  is  soluble  in  acetic  anhydride,  ethyl  acetate,  alcohol  and 
glacial  acetic  acid.  It  is  insoluble  in  caustic  alkalies  and  in  the  alkaline 
carbonates.  It  is  saponified  on  boiling  with  caustic  alkalies,  more  rapidly 
and  completely  with  an  alcoholic  solution  of  the  alkalies.  It  dissolves 
in  cone,  sulfuric  acid  with  a  bright  red  color,  exactly  like  that  given  by 
the  phthalein  itself,  and  evidently  undergoes  hydrolysis  to  the  phthalein 
in  this  solvent. 

Ithaca,  N.  Y. 
Ann..  202,  168  (1880). 
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THE  ACTION  OF  THE  GRIGNARD  REAGENT  ON  THIOC YANATES. 

By  Roger  Adams,  H.  B.  Bramlst,  and  F.  H.  Tendtck. 

Received  August  16,  1920. 

In  a  previous  paper,  a  review  was  given  of  the  various  reactions  between 
the  Grignard  reagent  and  those  organic  compounds  which  contain  a  cyan 
radical.  In  addition,  it  was  shown  that  cyanamides  were  readily  con- 
verted into  amidines1  by  the  action  of  the  Grignard  reagent.  In  this 
communication  the  action  of  the  Grignard  reagent  on  alkyl  thiocyanates 
is  described.  Two  main  reactions  have  been  shown  to  take  place  accord- 
ing to  the  following  equations. 

RSCN  +  RMgBr  — >  RSR  +  MgBrCN 
RSCN  +  RMgBr  — +  RSMgBr  +  RCN 

RSH 
Excess  (3  moles)  of  Grignard  reagent  was  always  used.  It  has  been  found 
that  with  aliphatic  thiocyanates  and  the  Grignard  reagent,  a  mixture  of 
thio-ether  and  mercaptan  is  produced.  By  the  usual  method  of  addition, 
namely,  of  the  thiocyanate  to  the  Grignard  reagent,  the  yield  of  mer- 
captan is  higher  than  when  the  Grignard  reagent  is  added  to  the  thio- 
cyanate. In  the  same  way,  the  yield  of  thio-ether  is  lower  in  the  former 
and  higher  in  the  latter  case.  If,  after  the  Grignard  reagent  and  thio- 
cyanate are  mixed,  the  solid  and  the  ether  solution  are  worked  up  sepa- 
rately, as  would  be  expected,  the  ether  solution  yields  chiefly  thio-ether 
and  the  solid  material  yields  chiefly  mercaptan. 

If  an  aromatic  Grignard  mixture  is  used  with  the  thiocyanates,  the 
second  reaction  is  the  principal  one  almost  to  the  exclusion  of  the  first. 

It  might  be  expected  that  the  RCN  produced  in  the  second  equation 
would  react  with  the  excess  of  Grignard  reagent  to  give  an  addition  com- 
pound that  on  subsequent  decomposition  would  yield  a  ketone. 

RCN  +  RMgBr  — >  RC(NMgBr)R  — ►  RCOR. 
Such  a  reaction  was  shown  to  take  place  when  phenyl  magnesium  bromide 
was  employed.  Upon  decomposition  of  the  reaction  mixture  with  hydro- 
chloric acid,  a  solid,  the  hydrochloride  of  benzophenone-imide,  separated, 
insoluble  both  in  the  ether  and  in  the  hydrochloric  acid  layers.  More- 
over, in  the  ether  layer,  a  certain  amount  of  benzophenone  was  obtained. 
With  an  aliphatic  Grignard  mixture,  the  cyanides  produced  would  be 
converted  into  unstable  imide  hydrochlorides  which  would  yield  volatile 
ketones  that  could  not  be  separated  from  the  large  amount  of  ether  used 
as  a  solvent.  None  of  these  ketones  was  isolated  when  aliphatic  Grig- 
nard reagent  was  used. 

J  This  Journal,  38,  2768  (1916). 
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The  yields  of  thio-ethers  and  mercaptans  are  small  when  the  Grignard 
reagent  and  thiocyanate  are  of  low  molecular  weight,  due  to  the  fact 
that  the  products  are  volatile  with  the  ether  which  is  used  as  a  solvent 
and  thus  easily  lost.  However,  as  the  molecular  weights  of  the  Grignard 
reagent  and  the  thiocyanate  increase,  the  yields  of  the  thio-ethers  and 
mercaptans  become  better.  The  use  of  this  reaction  for  the  preparation 
of  either  thio-ethers  or  mercaptans  can  hardly  be  recommended  because 
mixtures  are  always  obtained  and  the  separation  of  the  2  products  by 
fractionation  is  necessary. 

The  action  of  phenyl-magnesium  bromide  on  benzoyl  cyanide  was 
studied.  Several  reactions  took  place  simultaneously  with  the  production 
of  triphenyl-carbinol,  triphenyl-methane  and  benzoic  acid.  The  forma- 
tion of  the  triphenyl-carbinol  may  be  easily  explained  by  the  following 
equations. 

CH6COCN  +  C«H6MgBr  — >•  C^COCH*  +  MgBrCN 

CtHeCOCiH*  +  CeHsMgBr  — ►  (C«H*)8COMgBr  — >  (CeHOsCOH 

The  triphenyl  methane  is  probably  formed  as  follows, 

(CJlOsCOMgBr  +  RMgBr  — >  (C«Hs),CMgBr  +  ROMgBr 

I 
(CtHs^CH 

The  formation  of  this  compound  in  reactions  of  an  analogous  nature  has 
been  observed  by  previous  investigators.1  The  benzoic  acid  probably 
comes  from  the  hydrolysis  of  benzoyl  cyanide. 

If,  instead  of  3  moles  of  Grignard  reagent,  only  one  mole  is  used,  tri- 
phenyl-acetonitrile,  triphenyl-methane  and  benzoic  acid  are  formed. 

C«H*COCN  +  C«H*MgBr  — ►  (C«H*)aC(OMgBr)CN 
(CeHOaCtOMgBrJCN  +  CeH»MgBr  — ►  (C«Hs),CCN  +  MgBr,  +  MgO. 

Simultaneous  with  the  study  of  the  Grignard  reagent  on  benzoyl 
cyanide,  which  it  was  hoped  would  yield  1,2-diketones,  the  action  of  the 
Grignard  reagent  on  dimethyl-oxanilide  was  investigated  in  order  to  obtain 
diketones  as  follows. 

^NCOCON^  +  RMgBr  — ► 

ch,'  x:h, 

R  R 


C«H«v  I  I  sQJU 

>N  —  C C N(  — ►  RCOCOR. 

CH,'        /  /  NCH, 

OMgBr  OMgBr 

The  results  showed,  however,  that  no  matter  how  large  an  excess  of 
Grignard  reagent  was  used  only  one  of  the  carbonyl  groups  reacted; 
1  This  Journal,  39,  2012  (1916). 
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consequently,   on  decomposition,  the  methylphenyl  amides  of  a-keto 
acids  were  produced. 

CHrv  y/CHf 

>N— C— C— N^  +  RMgBr — ► 

ch/     II   II      N^h. 
o  o 

R 
CHfv  J  ^CHi  /CHf 

>N— C C—  N<  — >>  R  —  C— C— NC 

C&S         ||  ||         N^H.  ||        ||  \CA 

OMgBr     O  0       0 

The  nonreactivity  of  the  second  carbonyl  is  probably  due  to  steric 
hindrance.    That  both  carbonyls  do  not  react  is  strange,  when  it  is  con- 

J« 
O  «  C  —  N<~ 


sidered  that  vinylidene-oxanilide1  I  yC  -  CHt  with  methyl-  or 

O  -  C-Nr 

ethyl-magnesium  halides  is  reported  to  give,  respectively,  diacetyl  and 
dipropionyl,  although  no  details  or  yields  are  given. 

Experimental. 
Isoamyi  Thiocyanate  and  Ethyl-Magnesium  Bromide. 

Forty  g.  (1  mol)  of  *S0-amyl  thiocyanate  and  an  equal  volume  of  dry 
ether  were  added  slowly  to  a  well-cooled  solution  of  3  moles  of  ethyl- 
magnesium  bromide  (2.3  g.  of  magnesium  and  105  g.  of  ethyl  bromide). 
After  the  reaction  mixture  had  stood  at  room  temperature  for  2  hours, 
the  ether  was  decanted  from  the  solid  material  into  a  flask  and  treated 
with  hydrochloric  acid.  When  the  ether  layer,  separated  and  dried  over 
anhydrous  sodium  sulfate,  was  fractionally  distilled,  the  main  portion, 
which  boiled  between  1580  and  161  °,  proved  to  be  ethyl-wo-amyl  sulfide. 
The  solid  material  from  the  original  reaction  mixture  was  decomposed 
with  hydrochloric  acid  and  extracted  with  ether.  By  fractional  distilla- 
tion, the  main  portion  boiled  between  i2o°and  122 °  and  proved  to  be 
tso-amyl  mercaptan. 

If  the  ethyl-magnesium  bromide  was  added  to  the  is^-amyl  thiocyanate 
and  the  reaction  mixture  was  allowed  to  stand,  when  it  was  decomposed 
in  the  usual  way,  fractionation  of  the  product  into  definite  substances 
was  more  difficult.  The  amount  of  mercaptan  was  very  small  and,  in 
addition  to  the  main  product,  wo-amyl-ethyl  sulfide,  a  higher  boiling 
portion  was  obtained  which,  on  analysis  proved  to  be  di-wo-amyl  di- 
sulfide. 

Isoamyi  Thiocyanate  and  Propyl-Magnesium  Bromide. 

One  mole  of  u 0-amyl  thiocyanate  was  allowed  to  react  with  3  moles  of 
propyl-magnesium  bromide  as  described  under  the  reaction  with  ethyl- 
» B*r.,  40, 186  (1907). 
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magnesium  bromide.  The  reaction  mixture,  without  separating  the  solid 
and  the  ether,  was  then  decomposed  directly  with  hydrochloric  acid  and 
the  ether  layer  separated,  dried  and  fractionally  distilled.  Two  main 
fractions  were  obtained,  one  boiling  between  n8°  and  122 °  consisted  of 
is0-amyl  mercaptan;  and  the  other  boiling  between  1790  and  181  °  at  740 
mm.  (d2o  0.851;  n™  1.4495)  was  isa-amyl  propyl  sulfide. 
Calc.  for  CgHwS:  S,  21.3.    Found:  S,  21.9. 

Isobutyl  Thiocyanate  and  Ethyl-Magnesium  Bromide. 
One  mole  of  thiocyanate  and  3  moles  of  the  Grignard  reagent  were 
allowed  to  react  as  described  above.  The  reaction  mixture  was  treated 
with  hydrochloric  acid.  /50-butyl  mercaptan  and  ethyl-iso-butyl  sulfide 
were  obtained,  but  the  volatility  of  these  products  with  ether,  caused  the 
yields  to  be  very  small. 

Heptyl  Thiocyanate  and  Ethyl-Magnesium  Bromide. 

By  the  interaction  of  these  2  substances,  heptyl  mercaptan  boiling 
between  1740  and  1 76  °  and  heptyl-ethyl  sulfide  boiling  between  188  °  and 
1920  at  732  mm.  (cbo  0.871;  n2£  14518)  were  obtained. 
Calc.  for  CiHjoS:  S,  20.0.   .Found:  S,  20.1 

Isoamyl  Thiocyanate  and  Phenyl-Magnesium  Bromide. 

One  mole  of  wo-amyl  thiocyanate  was  added  to  3  moles  of  phenyl- 
magnesium  bromide.  Upon  treatment  of  the  reaction  mixture  with  hydro- 
chloric acid,  a  large  amount  of  yellow  solid  still  remained  undecomposed. 
This  was  filtered  and  purified  by  dissolving  it  in  chloroform  and  precipita- 
ting it  with  dry  ether.  It  did  not  melt  below  240  °,  was  insoluble  in  water, 
in  hydrochloric  acid  and  in  ether.  Analysis  showed  it  to  be  the  hydro- 
chloride of  benzophenone-imide.  When  it  was  warmed  with  a  solution  of 
sodium  hydroxide  and  extracted  with  ether,  benzophenone  was  obtained. 

The  ether  layer  obtained  by  the  decomposition  of  the  original  reaction 
mixture  was  dried  and  distilled.  In  this  way,  small  amounts  of  wo-amyl 
mercaptan  boiling  between  1200  and  122  °,  phenyl-iso-amyl  sulfide  and 
benzophenone  were  isolated. 

Benzyl  Thiocyanate  and  Isobutyl-Magnesium  Bromide. 
By  the  interaction  of  one  mole  of  thiocyanate  and  3  moles  of  the  Grig- 
nard reagent,  a  product  was  obtained  which,  by  careful  fractionatiop, 
gave  benzyl  mercaptan  boiling  between  1940  and  1950  and  benzyl-iso-butyl 
sulfide,  a  yellowish  oil,  boiling  between  2430  and  2440  (cbo  0.968;  n^  1.4912). 
Calc.  for  CiiHwS:  S,  176.    Found:  S,  17.0. 

Benzyl  Thiocyanate  and  Phenyl-Magnesium  Bromide. 

After  allowing  one  mole  of  the  thiocyanate  and  3  moles  of  phenyl- 
magnesium  bromide  to  react,  the  mixture  was  decomposed  with  hydro- 
chloric acid.    An  insoluble  substance  separated  which  was  the  hydro- 
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chloride  of  benzophenone-imide.    Upon  fractional  distillation  the  ether 
solution  yielded  benzyl  mercaptan  and  benzophenone. 

Benzyl  Thiocyanate  and  Ethyl-Magnesium  Bromide. 
When  one  mole  of  the  thiocyanate  and  3  moles  of  the  ethyl-magnesium 
bromide  reacted,  and  the  solid  and  the  ether  were  worked  up  separately, 
the  substances  isolated  were  benzyl-ethyl  sulfide,  boiling  between  ^18° 
and  2200  and  benzyl  mercaptan  boiling  between  1940  and  195  °. 

Benzoyl  Cyanide  and  Phenyl-Magnesium  Bromide. 

An  ether  solution  of  32.5  g.  (one  mole)  of  benzoyl  cyanide  was  allowed 
to  run  slowly  into  an  ice-cooled  ether  solution  of  phenyl-magnesium 
bromide  (78  g.  of  phenyl  bromide  and  12  g.  of  magnesium).  A  liter  of 
ether  was  used  as  solvent.  t  When  this  product  was  treated  with  hydro- 
chloric acid  in  the  usual  way,  the  ether  gave  a  solid  which,  on  purification 
from  alcohol,  proved  to  be  triphenyl  carbinol,  m.  p.  1590.  The  ether 
mother-liquor  yielded  an  impure  solid,  which  on  purification  from  benzene, 
melted  at  93  °  and  was  triphenyl  methane. 

If  instead  of  using  such  a  large  volume  of  ether  as  a  solvent  only  500 
cc.  was  used,  the  reaction  took  place  in  a  different  manner;  after  evapora- 
tion of  the  ether,  if  the  residue  was  fractionally  distilled,  an  excess  of 
bromobenzene,  together  with  triphenylmethane  and  benzoic  acid  were 
the  products  obtained. 

When  benzoyl  cyanide  and  phenyl-magnesium  bromide  were  allowed 
to  react  in  the  proportion  of  1  :  1,  the  ether  solution  submitted  to  frac- 
tional distillation,  gave  benzophenone,  benzoic  acid,  and  triphenyl- 
acetonitrile.    The  yields  were  poor. 

Benzoic  acid  and  a  small  amount  of  substance  which  was  probably 
phenyl-diethyl-aceto-nitrile  were  isolated  when  benzoyl  cyanide  and  ethyl- 
magnesium  bromide  reacted  in  the  proportion  of  one  mole  to  3  moles. 

Derivatives  of  Dimethyl-Oxanilide. 
Dimethyl-oxanilide.1 — Four  parts  of  technical  monomethyl-aniline 
was  dissolved  in  an  equal  volume  of  benzene.  This  solution  in  a  flask 
attached  to  a  reflux  condenser  was  cooled  with  a  slush  of  ice  and  water, 
and  one  part  of  oxalyl  chloride  dissolved  in  an  equal  volume  of  benzene 
was  allowed  to  drop  slowly  from  a  separatory  funnel  through  the  con- 
denser. After  all  of  the  oxalyl  chloride  had  been  added,  the  reaction 
mixture  was  allowed  to  stand  in  an  open  dish  until  the  benzene  evaporated. 
The  solid  which  remained  was  treated  with  cold  water  to  dissolve  the 
^nethyl-aniline  hydrochloride  and  the  crystals  remaining  were  filtered 
by  suction,  washed  thoroughly  with  water  and- dried.  The  dimethyl- 
oxanilide  crystallized  from  75%  alcohol  and  melted  at  no°.  The  yield 
is  about  95%. 

1  /.  prakt.  Chent.  90,  275  (1914)- 
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Methylanilide  of  a-Ketobutyric  Acid. — To  4  moles  of  ethyl-magnesium 
bromide  in  dry  ether  one  mole  of  dry  dimethyl-oxanilide  was  added  in 
small  portions;  during  the  addition,  the  reaction  mixture  should  be  kept 
cold  and  stirred  constantly.  As  soon  as  the  addition  was  completed, 
ice  and  dil.  hydrochloric  acid  were  added  until  the  solution  was  clear. 
The  ether  layer  was  separated,  dried  over  calcium  chloride  and  distilled. 
A  clear,  yellow  liquid,  weighing  27  g.  was  obtained.  Distilled  under  re- 
duced pressure  a  light  yellow  oU  was  produced;  b.  p.,  1650  at  17  mm.  In 
every  case  a  considerable  portion  of  decomposition  product  remained  in 
the  distillation  flask. 

Subs.,  0.2551:  16.2  cc.  Ni  at  25  °  and  770  mm. 
Calc.  for  CuHitOtN:  N,  7.3.    Found:  7.4. 

Methylanilide  of  Pyruvic  Acid. — To  4  moles  of  methyl-magnesium 
iodide,  one  mole  of  dimethyl-oxanilide  was  added  gradually.  The  re- 
action products  were  worked  up  in  the  usual  way;  an  ether  solution  was 
obtained  which,  on  distillation,  gave  a  brown  oil.  This  oil  solidified  to  a 
crystalline  mass  after  48  hours.  The  crystals  were  filtered  with  suction 
from  the  oil  and  washed  first  with  a  little  petroleum  ether  and  ether, 
and  finally  crystallized  from  the  same  mixture.  White  needles,  melting 
at  83-84  °  were  obtained. 

Subs.,  0.2230:  11.6  cc.  N«  at  24°  and  765  mm. 

Calc.  for  CisHisOtN:  N,  58.    Found:  6.0. 

Methylanilide  of  p-Toluyl  formic  Acid. — The  reaction  was  carried 
out  in  the  same  way  as  the  preceding  one  except  that  />-tolyl-magnesium 
bromide  was  used.  Upon  decomposition  with  add,  a  solid  product 
separated  which  was  insoluble  both  in  the  ether  layer  and  in  the  water 
layer.  It  was  filtered,  dried,  and  recrystallized  from  85%  alcohol.  It 
melted  at  128-29°. 

Subs.,  0.2485:  12.4  cc.  Nt  at  240  at  752  mm. 

Calc.  for  CieHuOsN:  N,  55-    Found:  5.7. 

Summary. 

1.  Alkyl  thiocyanates  react  with  the  Grignard  reagent  to  give  a  mixture 
of  thio-ether  and  mercaptan. 

2 .  Benzoyl  cyanide  (one  mole)  with  phenyl-magnesium  bromide  (2  moles) 
give  triphenyl  carbinol  and  triphenyl  methane;  in  the  proportion  one  mole 
to  one  mole,  the  products  are  benzoic  acid,  benzophenone  and  triphenyl 
acetonitrile. 

3.  Dimethyl-oxanilide  with  excess  of  the  Grignard  reagent  yields  methyl- 
phenyl  amides  of  a-ketonic  acids. 

UfcBANA,   IU4N01B. 
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THE  REACTIONS  OF  THE  ARSINES,    PRELIMINARY  PAPER. 

CONDENSATION  OF  PRIMARY  ARSINES  WITH 

ALDEHYDES.1 

By  Roger  Adams  and  Charles  Shattuck  Palmer. 

Received  August  16,  192a 

The  discovery  of  arsphenamine  greatly  stimulated  research  on  organic 
arsenic  compounds.  The  aim  in  these  investigations  has  been  not  only 
to  discover  some  substance  with  a  higher  therapeutic  value  but,  more 
particularly,  some  substance  of  greater  stability  than  arsphenamine.  A 
large  number  of  arsenic  compounds  have  been  prepared,  but  it  is  notice- 
able that  most  of  them  contain  the  arseno  or  arsenic  acid  groupings, 
namely,  the  same  groupings  which  occur  in  those  substances  of  proved 
therapeutic  value,  such  as  arsphenamine,  sodium  cacodylate  and  arrhenal. 
Comparatively  little  has  been  done,  however,  in  attempts  to  obtain 
arsenic  linked  in  new  ways  in  organic  compounds  to  determine  whether 
the  resulting  substances  might  not  be  equal  or  superior  therapeutically  to 
those  arsenic  compounds  already  found  valuable.  The  research,  of  which 
this  is  a  preliminary  report,  had  such  an  object  in  view. 

A^  study  of  the  condensation  reactions  of  phenyl  arsine  with  various 
organic  reagents  has  been  undertaken.  The  experiments  have  led  to  such 
interesting  results  that  a  number  of  investigations  have  been  started  to 
compare  carefully  the  reactions  of  primary  and  secondary  arsines  and 
arsine  itself  with  the  corresponding  nitrogen  compounds.  Experiments 
have  also  shown  that  the  phosphines  and  stibines  react  similarly,  so  that 
a  thorough  study  of  these  fields  is  to  be  taken  up. 

The  previous  work  on  the  reactions  of  the  arsines  has  been  very  limited. 
It  has  been  shown  that  halogens  and  alkyl  haUdes  react  with  primary 
and  secondary  arsmes1  to  give  respectively  arsine  halides  and  arsonium 
halides.  More  recently  a  number  of  patents'  have  described  the  condensa- 
tion of  primary  aryl  arsines  with  aryl  arsenious  oxides  or  chlorides,  with 
aryl  stibinous  oxides  or  chlorides,  with  arsenic,  antimony  or  bismuth 
trichlorides  or  tribromides.  A  more  complete  review  and  discussion  of 
these  reactions  will  be  given  in  a  future  communication. 

The  present  paper  deals  with  the  condensation  of  aldehydes  with 
phenylarsine.  Addition  products  are  formed  between  2  molecules  of 
aldehyde  and  one  molecule  of  arsine.  The  probable  structure  of  the  com- 
pounds produced  is  represented  by  the  formula  in  the  following  equation 

1  This  work  was  done  under  a  grant  from  the  U.  S.  Interdepartmental  Social 
Hygiene  Board,  Washington,  D.  C,  Dr.  T.  A.  Storey,  Secretary. 

a  Ber.,  34,  3598  (1901);  Am.  Chem.  J.,  33.  101  (1905);  35»  1  (1906);  40,  88  (1907). 
D.R.  P.,  254,187;  Frdl.  11, 1068(1912-14);  275,216;  251,571;  254.187;  D.R.P., 
251,104;  253,226;  270,254;  269,699;  269,700;  269,743;  269,744;  269,745. 
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RCHO  +  RAsHj  — ►  (RCHOH)jAsR.  When  the  aldehyde  and  arstne 
are  mixed,  no  apparent  reaction  takes  place  until  a  few  drops  of  hydro- 
chloric acid  are  added  as  a  catalyzer.  Considerable  heat  is  then  generated 
and  within  a  few  minutes  the  reaction  is  complete.  During  this  pro- 
cedure, care  must  be  used  in  handling  the  arsines  as  they  are  easily  oxidized 
by  the  oxygen  of  the  air  to  arsenobenzene  and  phenylarsinic  acid.  The 
condensation  must  be  carried  out  in  an  atmosphere  of  carbon  dioxide  or 
nitrogen. 

Up  to  the  present  time,  benzaldehyde  and  butyraldehyde  have  been 
condensed  with  phenylarsine.  It  seems  probable  that  this  reaction  may 
be  extended  to  any  aromatic  or  aliphatic  arsines  and  aldehydes.  The 
compounds  may  be  looked  upon  as  corresponding  somewhat  to  aldehyde 
ammonias  except  that  only  one  hydrogen  atom  on  the  nitrogen  atom 
reacts,  whereas  both  hydrogen  atoms  on  the  arsenic  atom  take  part  in  the 
change.  The  compounds,  however,  in  their  chemical  reactions  do  not 
resemble  aldehyde  ammonias.  They  are  perfectly  stable  in  cold  water, 
10%  sodium  hydroxide  solution  or  dil.  hydrochloric  acid.  Even  after 
boiling  them  5  minutes  with  these  reagents,  no  decomposition  takes  place 
except  with  hydrochloric  acid,  and  only  a  slight  change  occurs  in  this 
case.  Other  reactions  of  these  substances  will  be  discussed  in  a  later 
paper. 

Whereas  the  compounds  already  made  are  not  soluble  in  water,  it 
is  hoped  to  obtain  certain  derivatives  in  this  series  which  will  be  soluble 
in  water  and  capable. of  therapeutic  testing. 

Experimental. 

Phenylarsinic  Acid. — This  substance  is  prepared  in  150-200  g.  lots 
by  a  modification  of  Bart's  reaction  which  was  employed  in  Germany 
during  the  war.1  It  consists  in  the  action  of  benzene  diazonium  chloride 
on  sodium  arsenite  at  15  °  in  the  absence  of  free  alkali  and  in  the  presence 
of  a  copper  salt.  The  yields  of  pure,  recrystallized  acid  are  40-50%, 
calculated  from  the  aniline. 

Phenylarsine.2 — For  the  preparation  of  this  primary  arsine,  phenyl- 
arsinic acid  in  50  g.  lots  is  reduced  with  amalgamated  zinc  dust  and  hydro- 
chloric acid.    The  yields  obtained  are  40-70%. 

Di-o-hydroxy-n-butyl  phenylarsine  (Phenylarsine  and  n-butyr- 
aldehyde). — A  250-cc.  Erlenmeyer  flask  is  fitted  with  a  3-hole  rubber 
stopper.  A  tube  through  which  carbon  dioxide  may  be  passed  into  the 
flask  is  placed  in  one  hole,  an  exit  tube  and  aioocc.  separatory  funnel  in 
the  other  holes.  The  air  in  the  apparatus  is  completely  replaced  by 
carbon  dioxide,  then  20  g.  of  phenylarsine  is  poured  in  through  the  funnel. 
This  is  followed  by  5  or  6  drops  of  cone,  hydrochloric  acid,  and,  finally, 

1  D.  R.  P.,  254,092;  Frdl.  ii,  1030  (1913);  J-  Ind.  Eng.  Chem.,  11,  825  (1919)- 
8  Ber.,  34,  3598  (1901);  Am.  Chem.  J.,  35,  1  (1906). 


Digitized  by 


Google 


REACTIONS  OF  THE  ARSINBS.  2377 

20  g.  of  n-butyraldehyde  is  added  in  small  portions.  The  reaction  takes 
place  immediately;  enough  heat  is  evolved  to  cause  the  mixture  to  boil. 
Carbon  dioxide  is  passed  in  until  the  reaction  mixture  is  completely  cold 
(30  to  40  minutes).  The  product  is  shaken  out  with  50  cc.  of  dil.  sodium 
carbonate  solution  to  remove  phenylarsinic  acid  formed  by  the  oxidation 
of  phenylarsine  during  the  manipulations,  and  then  distilled  under 
diminished  pressure. 

The  fraction  boiling  226-230 °2g  mm.  is  collected  and  redistilled.  Thus 
18  g.  of  product  boiling  at  228 °26  mm.  is  obtained.  Although  it  boils  very 
constant,  the  cold  distillate  is  slightly  turbid,  probably  due  to  a  trace  of 
phenylarsinic  acid  not  removed  by  the  sodium  carbonate.  It  has  the 
following  constants:  dao,  1.114;  [«]80,  1.686. 

The  compound  was  analyzed  for  arsenic  by  a  combination  of  methods. 
It  was  first  burned  by  the  method  reported  by  Palmer1  in  a  current  of 
oxygen  in  a  tube  packed  with  zinc  oxide,  the  product  then  dissolved  in 
cone,  hydrochloric  acid  and  precipitated  with  hydrogen  sulfide.     From 
this  point,  the  procedure  was  the  same  as  reported  by  Little.2 
Subs.,  0.1966,  0.2380:    CO*,  0.4120,  0.5027;  HiO,  0.1371,  0.1602. 
Subs.,  0.2206:  17.6  cc.  iodine  (1  cc.  sol.  =  00031  g.  arsenic). 
Calc.  for  CnH»OiAs:    C,  56.36;  H,  7.71;  As,  25.17.    Found:  C,  56.47*  57-aa; 
H,  7.29,  753;  As,  24.74. 

This  substance  is  a  slightly  volatile  oil,  readily  soluble  in  organic 
solvents,  but  practically  insoluble  in  water.  It  is  a  stable  substance 
which  remains  undecomposed  in  cold  water,  10%  sodium  hydroxide  solu- 
tion and  dil.  hydrochloric  acid.  Even  when  boiled  with  these  reagents, 
the  substance  seems  to  be  stable  to  all  except  the  dilute  acid. 

Di-a-hydroxybenzyl  phenylarsine  (Phenylarsine  and  Benzalde- 
hyde). — The  procedure  for  the  preparation  of  this  substance  is  similar 
to  the  one  just  described.  When  20  g.  of  phenylarsine,  29  g.  of  pure 
benzaldehyde  and  a  few  drops  of  hydrochloric  acid  are  mixed,  heat  is 
evolved  and  within  a  few  minutes  the  mixture  has  solidified.  The  crude 
product  crystallized  directly  from  benzene  yields  fine  white  needles  with 
a  constant  m.  p.  of  1930.  The  compound  must  be  dried  to  constant 
weight  at  1  io°  before  it  is  analyzed. 

For  the  analysis  for  arsenic,  the  method  of  Erwins8  was  used. 

Subs.,  0.2187,  0.2163;  CO2,  0.5301,  0.4471;  HjO,  0.0895,  0.0709. 

Subs.,  0.2163,  0.2296:  14.0  cc,  14.95  cc.  iodine  (1  cc.  =»  0.0031  g.  As). 

Calc.  for  CmHi.OjAs:  C,  65.58;  H,  5.19;  As,   20.66.    Found:  C,  66.06,  66.28; 
H,  4.53.  4-3i;  As,  20.07,  20.19. 

The  substance  is  stable  to  water,  dil.  hydrochloric  acid  and  in  alkali. 
It  is  soluble  in  most  organic  solvents,  but  insoluble  in  water. 

1  Palmer,  Ber.,  34,  3597  (1901) 

*  Little,  /.  Chem.  Soc,  95,  478  (1909). 

»  Erwins,  ibid.,  109,  1356  (1916). 
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Summary. 

i.  Phenylarsine  has  been  condensed  with  butyraldehyde  and  benzalde- 
hyde  to  give  compounds  consisting  of  two  moles  of.  aldehyde  and  one  of 
arsine  and  probably  having  the  following  structure,  CeH&As(CHOH)sR. 

2.  The  condensation  products  are  stable  toward  dilute  acid,  alkali 
and  water. 

Urbana,  Ilunoib. 


[Contribution  prom  thb  Division  op  Agricultural  Biochemistry,  Minnesota 
Agricultural  Experiment  Station] 

THE  HUMIN  FORMED  BY  THE  ACID  HYDROLYSIS  OF  PRO- 
TEINS.   VI.  THE  EFFECT  OF  ACID  HYDROLYSIS 
UPON  TRYPTOPHANE.1 

By  George  E.  Holm  and  Ross  Aiken  Gortnsr. 

Recei  cd  Aug.  28,  1920. 

In  previous  articles  of  this  series2  we  have  shown  "that  the  formation  of 
black  acid  insoluble  humin  in  a  normal  protein  hydrolysate  is  dependent  upon 
the  presence  of  tryptophane  in  the  protein  molecule."  While  tryptophane 
reacts  readily  with  aldehydes  to  give  a  black  insoluble  product,  it  also 
undergoes  some  unknown  reaction  even  when  allowed  to  stand  in  an  acid 
solution.  This  was  noted  by  Abderhalden8  who  found  that  the  mother 
liquor  from  a  tryptophane  preparation,  which  had  been  allowed  to  stand 
for  a  long  time,  slowly  darkened,  lost  its  ability  to  absorb  bromine,  gave 
no  glyoxylic  test,  and  finally  deposited  a  dark  brown  product,  soluble  in 
acids  and  alkalies,  and  which  when  heated  gave  a  strong  indole  odor. 

Harries  and  Langheld4  studied  the  effect  of  ozone  upon  hydrolytic 
products  of  proteins  and  found  that  tryptophane  treated  with  ozone 
colored  very  dark,  gave  no  glyoxylic  reaction,  reduced  Fehling's  solution 
in  the  cold,  was  precipitated  by  barium  hydroxide,  lead  acetate,  basic 
lead  acetate,  and  liberated  ammonia  when  treated  with  sodium  hydroxide. 

Van  Slyke  states6  "tryptophane  is  known  to  be  precipitated  partially 
by  phosphotungstic  acid  even  from  fairly  dilute  solution.  When  it  is 
boiled  with  mineral  acids,  however,  it  is,  to  a  large  extent,  at  least,  de- 
stroyed, the  nature  and  fate  of  the  products  being  unknown."  In  order 
to  ascertain  the  behavior  of  tryptophane  under  the  conditions  of  protein 

1  Published  with  the  approval  of  the  Director  as  Paper  No.  208,  Journal  Series  of 
the  Minnesota  Agricultural  Experiment  Station.  Presented  before  the  Biological 
Division  of  the  American  Chemical  Society  at  the  Spring  Meeting,  St.  Louis,  April 
12-16,  1920. 

1  Gortner  and  Blish,  This  Journal,  37,  1630-36  (1915);  Gortner,  J.  Biol.  Chan., 
26,  177-204  (1916);  Gortner  and  Holm,  This  Journal,  39,  2477-2501  (1917);  42, 
821-827  (1920);  Holm  and  Gortner,  ibid.,  42,  632-40  (1920). 

•  Abderhalden,  Z.  physiol.  Chem.,  78,  150-160  (19 12). 
4  Harries  and  Langheld,  ibid.,  51,  371-383  (1007). 

•  Van  Slyke,  /.  Biol.  Chem.,  10,  39  (1911). 
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hydrolysis  he  boiled  pure  tryptophane  for  12  hours  with  20%  hydrochloric 
acid  and  studied  the  solution  with  regard  to  melanin  (humin  nitrogen), 
ammonia,  amino  nitrogen  and  total  nitrogen,  and  also  with  regard  to  the 
amounts  precipitated  by  phosphotungstic  acid.  He  draws  the  following 
conclusions,  i.  Tryptophane  is  responsible  for  none  of  the  nitrogen  es- 
timated as  ammonia,  arginine  or  melanin.  2.  Boiling  with  20%  hydro- 
chloric acid  does  not  alter  the  ratio  2  :  1  of  total  nitrogen  to  amino  nitro- 
gen in  tryptophane.  3.  It  appears  improbable  that  tryptophane  affects 
the  composition  of  the  phosphotungstic  add  precipitate  under  the  usual 
conditions  of  analysis,  but  it  is  advisable,  in  the  latter,  as  a  precaution, 
to  test  a  few  drops  of  the  solution  of  the  bases  for  tryptophane. 

Homer1  later  studied  the  effect  of  acid  hydrolysis  upon  tryptophane 
and  found  that  after  42  hours'  hydrolysis  with  25%  sulfuric  acid  almost 
a  complete  recovery  of  the  tryptophane  was  possible,  but  under  the  same 
conditions  in  a  21-24  hours'  hydrolysis  and  in  the  presence  of  ferrous 
sulfate  there  was  pigmentation  and  no  recovery  of  tryptophane.  She 
therefore,  concludes  that  hydrolysis  changes  tryptophane  to  a  compound 
which  absorbs  bromine,  but  does  not  precipitate  with  mercuric  sulfate. 

Johns  and  Jones*  in  studying  the  quantitative  estimation  of  tyrosine 
by  use  of  the  Folin-Denis  phenol  reagent  state  "it  is  well  known  that 
tryptophane  is  decomposed  by  add  hydrolysis"  and  "the  tryptophane 
was  completely  decomposed  and  its  decomposition  products  gave  no 
blue  color  with  the  reagent  of  Folin  and  Denis."  The  evidence  which 
they  submit  in  substantiation  of  the  latter  statement  we  have  recently 
shown*  to  be  in  error,  due  to  the  fact  that  they  decolorized  their  hydrolysate 
with  "Norit"  and  that  carbon  adsorbs  tyrosine,  tryptophane  and  trypto- 
phane decomposition  products. 

In  the  present  study  our  interest  is  confined  primarily  to  the  "add 
insoluble"  and  "add  soluble"  humins  formed  on  protein  hydrolysis. 
Our  previous  studies4  have  shown  that  aldehydes,  when  present  during 
the  add  hydrolysis  of  a  protein  greatly  increase  the  amount  of  add-in- 
soluble  humin  which  may  be  formed,  the  amount  of  add-insoluble  humin 
rapidly  increasing  to  a  maximum,  at  which  point  the  tryptophane  is  en- 
tirely converted  into  add-insoluble  humin.  When  the  hydrolysis  is 
conducted  in  the  presence  of  an  optimum  amount  of  formaldehyde  the 
nitrogen  present  in  the  add-insoluble  humin  may  be  taken  as  a  quantitative 
measure  of  the  tryptophane  nitrogen  of  the  protein.  Certain  of  our 
experiments  have  been  taken  as  evidence  that  proteins  contain  some  un- 
known component  which  reacts  with   tryptophane  to  form   the   small 

1  Homer,  /.  Biol.  Chem.,  22,  382-85  (1915). 

*  Johns  and  Jones,  ibid.,  36,  310-322  (1918). 

1  Gortner  and  Holm,  This  Journal*  42, 1678-1692  (1920). 

4  Loc.  tit. 
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amount  of  insoluble  humin  which  is  present  in  a  normal  protein  hydroly- 
sate.1  We  therefore,  wished  to  ascertain  if  the  tryptophane  molecule 
contributes  to  the  "acid  insoluble"  or  "acid"  soluble  humins  when  no 
aldehydes  or  other  reacting  compounds  are  present. 

This  paper  reports  the  results  of  a  study  of  the  effect  of  prolonged  boiling 
with  20%  hydrochloric  acid  upon  the  tryptophane  molecule,  with  especial 
reference  to  the  nitrogen  distribution. 

Experimental. 

The  Method. — Five  hundred  milligrams  of  tryptophane  was  added 
to  exactly  100  cc.  of  20%  hydrochloric  acid.  An  aliquot  of  2  cc.  was  then 
removed  with  a  pipet  and  amino  nitrogen  determined  upon  this  sample 
by  the  Van  Slyke  method.  One  cc.  was  also  removed,  diluted  to  25  cc. 
volume,  and  a  colorimetric  determination  of  the  tryptophane  content 
made  upon  5  cc.  (representing  one  mg.  of  tryptophane),  using  the  phenol 
reagent  of  Folin  and  Denis.2,8  The  flask  was  then  weighed,  fitted  with, 
a  reflux  condenser  and  heated  to  boiling  upon  a  sand-bath.  At  intervals 
of  12,  24,  36,  48,  96  and  144  hours,  the  flask  was  allowed  to  cool  and  was 
weighed.  In  case  of  a  loss  of  weight,  20%  hydrochloric  acid  was  added 
at  each  interval  to  make  up  exactly  for  the  acid  lost  by  evaporation 
thereby  insuring  correct  aliquots  in  each  sample  taken.  The  samples 
were  taken  at  intervals  as  designated  until  the  boiling  had  continued  for 
1 44  hours.  The  contents  were  then  filtered,  the  residue  washed  thoroughly 
and  nitrogen  determined  upon  the  residue  by  the  Kjeldahl  method.  The 
filtrate  was  evaporated  to  dryness  in  vacuo  and  "soluble  humin"  and 
"ammonia"  determined  in  the  usual  manner.  The  filtrate  from  these 
determinations  was  acidified,  concentrated  to  about  35  cc.,  and  precipitated 
by  phosphotungstic  acid  in  the  usual  manner.  After  a  separation  of 
"filtrates"  and  "bases"  had  been  made,  both  "amino"  and  "total  nitro- 
gen" determinations  were  made  upon  each  fraction. 

This  method  enabled  us  to  follow  the  rate  of  deaminization  and  also 
gave  the  amounts  of  tryptophane  converted  into  the  black  "insoluble 
humin"  and  "acid-soluble  humin."  The  amount  of  "acid-insoluble 
humin"  formed  is  also  indicated  by  the  decrease  in  the  tryptophane  as 

1  For  our  evidence  on  this  point,  see  Holm  and  Gortner,  This  Journal,  42,  632- 
40  (1920). 

*  /.  Biol.  Chem.,  12,  239-43  (191 2). 

*  We  have  recently  (This  Journal,  42,  1678-1692  (1920)),  studied  the  colorimetric 
values  obtained  by  adding  the  phenol  reagent  to  tryptophane  solutions,  and  have 
shown  that  the  reagent  cannot  be  used  on  protein  hydrolysates  to  obtain  reliable  data 
because  of  the  fact  that  more  than  one  reactive  compound  may  be  present.  Our 
criticisms  of  the  use  of  this  reagent  for  quantitative  work  do  not  apply  in  the  present 
instance,  because  all  of  the  color  developed  in  these  solutions  can  be  definitely  ascribed 
%o  the  indole  nucleus- 
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determined  colorimetricaUy.    The  effect  of  acid  hydrolysis  upon  the 
precipitability  of  tryptophane  by  phosphotungstic  acid  is  also  shown. 

The  Experimental  Data. — The  color  changes  observed  in  the  solution 
were  as  follows,  before  the  boiling  began  the  solution  of  the  tryptophane 
in  the  acid  was  perfectly  colorless;  at  the  end  of  12  hours'  boiling  the 
solution  was  transparent  but  dark  red-brown;  at  the  end  of  24  hours' 
boiling  the  solution  was  a  iooj 
deep  brownish-black  and 
was  no  longer  transparent 
(depth  of  liquid  about  4 
cm.);  while  the  formation 
of  dark,  amorphous  par- 
ticles floating  in  the  liquid 
was  first  noted  after  48 
hours'  boiling. 

The  changes  in  amino 
nitrogen  due  to  the  pro- 
longed boiling  with  hydro- 
chloric acid  are  shown 
graphically  in  the  upper 
curve  of  Fig.  1.  This 
curve  shows  that  boiling 
with  20%  hydrochloric  acid 
causes  a  gradual  decrease 
in  amino  nitrogen,  more 
rapid  at  first  than  during 
later  periods. 

A  colorimetric  deter- 
mination at  each  interval 
serves  to  indicate  the 
amount  of  tryptophane 
which  has  been  destroyed 
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Fig.  1. — Showing  (upper  curve)  the  decrease  in 
amino  nitrogen  (deaminization)  in  percentage  of 
or  the  amount  or  portion  of  original  amino  nitrogen,  and  (lower  curve)  the  de- 
the  indole  nucleus  in  which  crease  in  color  values  of  a  tryptophane  solution  with 
the  a-position1  has  SO  been  increasing  length  of  boiling  with  20%  hydrochloric 
changed  or  combined  that  acid* 

no  oxidation  is  possible.  It  may  indicate  even  to  a  greater  extent  than 
humin  formation  or  deaminization  the  total  changes  in  the  indole  nucleus. 
The  lower  curve  in  Fig.  1  shows  the  colorimetric  values  at  thfe  different 
1  That  it  is  the  a-position  of  the  indole  nucleus  of  tryptophane  which  reacts  with 
the  phenol  reagent  is  indicated  by  the  fact  that  a,/3-di-phenyl  indole  did  not  produce 
the  blue  color  when  added  to  the  phenol  reagent.  Of  course,  the  failure  to  produce  the 
blue  color  with  the  diphenyl  compound  may  have  been  due  to  the  insolubility  of  the 
indole. 
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periods,  in  terms  of  tyrosine  color  equivalents  (tyrosine,  one  mg.  in  100 
cc.  of  final  volume  being  used  as  a  standard). 

At  the  end  of  144  hours'  hydrolysis  72  cc.  of  the  solution  remained  which 
represented  49.39  mg.  of  nitrogen  upon  which  the  separations  of  the 
different  fractions  were  made  as  has  already  been  described. 

Table  I  (Sample  1)  shows  the  distribution  of  nitrogen  in  each  fraction. 

Tabi.8  I.— Thb  Distribution  of  Nitrogen  in  Two  Samples  of  Tryptophans 
Boiled  for  144  Hours  with  20%  Hydrochloric  Acid. 

Sample  I.  Sample  II. 

Trypto- 
phane at    Trrpto- 
tyrosine       phane 
Fraction  of  Fraction     equiva-      actually 

"   *  "  la 


3.06 

18.71 

28.57 

7.40 

71.43 

3  64 



3469 

70.00 

86.74 

14-57 

20.45 

36.44 

total  of  fenta         . 

nitro-  total  (colon-        (calc 

Nitrogen.        gen.  Nitrogen.        nitrogen,  metric),  from  N.) 

Fraction.                             Mgr.            %.  Mgr.                %.  Mgr.          Mgr. 

Total 4939        3430 

"Acid- insoluble"  humin  N. . .      4 .  14  8 .38  1 .05 

Ammonia  N 12.62  25.55  6.42 

"Acid-soluble"  humin  N 19 .78  40 .04  9 .80 

"Phosphotungstic  acid  humin" 

N 0.45  0.91  1.25 

Total  N  in  "bases" 5.27  10.66  11.90 

Amino  N  in  "bases" (2.09)     5.25 

Total N in "filt. from  bases. "      6.32  12.78  5.00 

Amino  N  in  "filt.  from  bases"  (2 .80)      (3 .23X?) 

Total  recovered 48 .58  98  32  35 .42        103 .24 

In  order  to  verify  these  results  and  also  to  investigate  more  closely  the 
nature  of  the  "soluble  humin"  in  its  relation  to  color  formation  with  the 
phenol  reagent,  we  boiled  250  mg.  of  tryptophane  for  144  hours  with  20% 
hydrochloric  acid.  At  the  end  of  that  time  the  solution  was  filtered, 
concentrated  and  the  separations  made  as  in  the  earlier,  experiment  with 
the  following  exceptions:  the  soluble  humin  was  filtered  off  and,  after 
thorough  washing,  was  dissolved  in  dil.  hydrochloric  acid  and  made  up  to 
100  cc.  volume.  Both  a  total  nitrogen  determination  and  a  colorimetric 
determination  were  made  upon  this  dark  solution.  Colorimetric  de- 
terminations were  also  made  upon  the  "bases"  and  "filtrates  from  the 
bases."    Table  I  (Sample  2)  shows  the  results  which  were  obtained. 

Discussion. 

While  the  figures  for  the  nitrogen  distribution  as  shown  in  Table  I 
are  not  in  exact  agreement,  they  indicate  clearly  that  the  nitrogen  dis- 
tribution of  tryptophane  is  altered  very  markedly  by  boiling  the  amino 
acid  with  20%  hydrochloric  acid.  Moreover,  the  fact  that  the  2  samples 
were  boiled  with  20%  hydrochloric  acid  for  equal  periods  of  time  and  yet 
exhibit  a  difference  in  nitrogen  distribution,  indicates  the  ease  with  which 
the  hydrolysate  of  a  protein  containing  tryptophane  may  be  altered  by 
slightly  varying  the  conditions  of  hydrolysis. 
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We  are  undecided  as  to  whether  or  not  some  of  the  changes  which  take 
place  are  due  to  oxidizing  reactions.  The  work  of  Abderhalden  and  others 
would  tend  to  indicate  this.  Our  experimental  conditions  were  such  that 
this  could  easily  be  the  case,  for  all  hydrolysates  were  freely  open  to  air. 
We  have  also  stated1  that  "the  vigor  of  boiling  seems  to  influence  both 
ammonia  and  insoluble  humin  formation."  This  difference  (since  the 
2  samples  were  not  boiled  at  the  same  time)  might,  and  we  believe  does, 
account  for  the  differences  in  the  nitrogen  distribution.  However,  as 
stated  above,  we  are  interested  in  possible  changes  in  the  nitrogen  distri- 
bution of  tryptophane  under  conditions  comparable  with  those  obtained 
in  the  acid  hydrolysis  of  a  protein  over  extended  periods  of  time,  whether 
they  be  due  to  oxidizing  effects,  or  directly  due  to  the  effect  of  the  acid, 
or  to  both. 

The  data  for  the  acid-insoluble  humin  show  that  no  detectable  amount 
was  formed  during  the  first  24  hours.  At  the  end  of  that  time  a  few 
black  amorphous  particles  could  be  seen  in  the  dark  reddish-brown  liquid. 
At  48  hours  there  were  a  great  number  to  be  seen  and  these  increased  in 
amount  with  prolonged  boiling.  Our  figures  show  that,  at  the  end  of 
144  hours'  boiling,  from  4  to  8%  of  the  tryptophane  nitrogen  appeared  in 
this  fraction.  The  figures  for  the  ammonia  fraction  substantiate  the 
evidence  that  we  have  already  put  forth  in  a  former  publication8  where 
we  state  "a  part  of  this  (ammonia  fraction)  must  be  due  to  the  breaking 
up  of  tryptophane."  Fig.  1  indicates  that  deaminization  proceeds  quite 
rapidly  at  first  as  is  the  case  in  a  protein  hydrolysate.*  This  rate  dimin- 
ishes as  the  concentration  of  unaltered  tryptophane  in  the  solution  de- 
creases. The  concordant  results  obtained  for  ammonia  in  each  of  the 
2  hydrolysates  appear  to  indicate  that  acid  concentration  and  length  of 
hydrolysis  are  done  responsible  for  the  deaminization.  The  "soluble 
humin"  nitrogen  in  these  experiments  is  probably  an  intermediate  product 
in  *  'acid-insoluble"  humin  formation.  No  tyrosine  is  present  and  con- 
sequently tyrosine  could  not  contribute  to  this  fraction.  This  would 
appear  to  conflict  with  some  of  our  earlier  conclusions  and  it  may  be 
possible  that  some  of  the  nitrogen  in  the  soluble  humin  fraction  of  a  normal 
protein  hydrolysate  is  derived  from  tryptophane.  We  have  already 
shown  that  traces  of  the  tryptophane  may  appear  in  this  fraction.4  How- 
ever, the  experiments  referred  to  show  conclusively  that  only  a  small 
fraction  of  the  tryptophane  is  converted  into  "soluble"  humin  in  a  24-hour 
hydrolysate  (0.20  mg.  of  soluble  humin  N  from  100  mg.  of  tryptophane). 
In  the  same  experiments  no  "insoluble  humin"  N  was  found. 

1  Gortner  and  Holm,  This  Journal,  39,  2738  (1917). 

*Ibid.f  30,2742  (1917). 

»  Cf.  Fig.  1,  ibid.,  39,  2736-2745  (1917). 

4  Gortner  and  Holm,  ibid.,  42,  821-827  (1920). 
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A  colorimetric  determination  upon  the  soluble  humin  fraction  also 
shows  that  it  still  retains  some  of  the  properties  of  the  tryptophane  mole- 
cule; at  least  it  gives  color  with  the  phenol  reagent.  A  separation  of  the 
clear  filtrate  from  the  soluble  humin  into  a  "basic"  and  "non-basic" 
fraction  by  means  of  phosphotungstic  acid  indicates,  as  we  have  formerly 
pointed  out,  that  there  is  no  clear-cut  separation  of  tryptophane  into  the 
"bases"  or  into  the  "filtrate  from  the  bases."  The  result  in  case  of  a 
Van  Slyke  analysis  will  be  that,  if  tryptophane  is  present,  all  of  the  non- 
amino  nitrogen  of  a  filtrate  cannot  with  certainty  be  calculated  as  proline 
nitrogen  arid,  in  fact,  might  with  equal  certainty  be  calculated  as  non- 
amino  tryptophane  nitrogen.  The  bases,  on  the  other  hand,  will  be  in 
error  just  to  the  extent  of  precipitated  tryptophane  which,  as  we  have 
already  suggested,  will  appear  and  be  calculated  largely  as  histidine. 

The  colorimetric  determinations  indicate  that  the  "bases"  and  the 
"filtrate  from  the  bases"  contain  substances,  which,  if  they  are  not  un- 
changed tryptophane,  are,  at  any  rate,  tryptophane  which  has  been  only 
slightly  altered.  The  color  produced  by  solutions  of  the  bases  is  approxi- 
mately equal  (82%  of  a  tyrosine  equivalent)  to  that  given  by  unaltered 
tryptophane  (85-90%  of  a  tyrosine  equivalent),  while  the  substances  in 
the  filtrate  from  the  bases  gives  a  somewhat  lower  color  value,  indicating 
a  somewhat  greater  alteration. 

We  intend  in  the  near  future  to  make  a  more  exact  study  of  some  of  the 
factors  involved  in  tryptophane  decomposition. 

Summary. 

We  have  studied  certain  changes  produced  by  boiling  tryptophane  with 
20%  hydrochloric  acid  for  various  lengths  of  time  and  have  reached  the 
following  conclusions. 

1.  Tryptophane  is  slowly  altered  and  parts  of  the  molecule  are  broken 
down  by  long  acid-hydrolysis. 

2.  Tryptophane,  in  the  absence  of  aldehydes  or  other  reactive  com- 
pounds, contributes  but  an  insignificant  fraction  of  its  nitrogen  to  the 
"acid-insoluble"  humin.  A  much  larger  amount  of  the  tryptophane 
appears  in  the  "soluble  humin"  after  144  hours'  boiling  with  acid.  Since, 
however,  a  normal  protein  hydrolysis  rarely  requires  more  than  24  hours' 
boiling,  it  appears  extremely  improbable  that  the  "total"  humin  of  such 
a  hydrolysate  is  derived  from  tryptophane  without  the  intervention  of 
some  other  reactive  compound,  which  we  have  postulated  in  our  earlier 
papers  to  be  of  the  nature  of  an  aldehyde. 

3.  Tryptophane  is  relatively  easily  deaminized  by  boiling  with  20% 
hydrochloric  acid.  Probably  some  of  the  ammonia  of  a  normal  protein 
hydrolysate  is  derived  from  tryptophane  instead  of  being  entirely  derived 
from  amide  groupings. 

4.  When  tryptophane  has  been  boiled  with  20%  hydrochloric  acid  the 
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distribution  of  the  nitrogen  is  such  that  errors  may  be  introduced  into 
both  the  "basic"  nitrogen  and  the  "non-basic  nitrogen' '  fractions  of  a 
Van  Slyke  determination. 

St.  Paul,  Minn. 


[Communication  from  the  Chemical  Laboratory  of  Johns  Hopkins  University.  ] 

A  SULFIDE  ACID  OR  THE  BUTYL  ETHER  OF  THIOGLYCOLIC 

ACID. 

By  Yoshisuks  Uyboa  and  E.  Emmst  Rsn>. 

Received  Augwt  30,  1920. 

Introduction. 

Sulfur,  when  present  in  an  organic  compound  in  the  sulfide  condition, 
=  CH — S — CH  = ,  may  have  comparatively  slight  influence  on  the  chem- 
ical and  physical  properties  of  the  compound  while  in  some  cases  it  gives 
rise  to  peculiar  properties,  as  in  0,0'-dichloro-ethyl  sulfide.  In  this  re- 
markable compound  the  presence  of  the  sulfur  atom  renders  the  chlorine 
atoms  very  reactive. 

It  seemed  of  interest  to  prepare  other  compounds  containing  a  sulfide 
grouping  along  with  some  other  group  with  a  distinctive  function.  The 
present  investigation  is  a  study  of  the  acid,  CH3CH1CH2CH2  —  S  —  CHj- 
COOH,  and  some  of  its  derivatives.  Thiophene  has  nearly  the  same 
boiling  point  as  benzene  but  a  considerably  higher  density  and  the  same 
may  be  said  of  ethyl  sulfide  as  compared  with  hexane.  In  physical  prop- 
erties the  above  acid  and  its  esters  should  resemble  caprylic  acid,  CgHuCfe, 
and  its  esters  to  which  they  are  nearest  in  molecular  weight.  This  has 
been  found  to  be  true  in  a  general  way,  though  the  acid  boils  at  282.2°, 
which  is  45°  higher  than  caprylic. 

The  sulfide  acid  forms  salts  readily,  the  sodium  salt  being  very  soluble 
in  water  while  the  barium  and  calcium  salts  are  only  moderately  so. 
When  mineral  acids  are  added  to  water  soltuions  of  its  salts  the  acid  sep- 
arates readily  as  a  heavy  oil  which  would  easily  be  mistaken  for  one  of 
the  fatty  acids  of  about  its  molecular  weight,  even  to  the  odor.  It  is 
very  slightly  soluble  in  water  and  distils  without  decomposition.  The 
odors  of  its  esters  are  somewhat  like  those  of  the  higher  aliphatic  esters. 

The  acid  is  readily  prepared  by  the  action  of  sodium  chloro-acetate  on 
the  sodium  salt  of  butyl  mercaptan  in  water  solution.  Its  esters  and 
many  of  its  salts  are  easily  obtained  by  the  usual  methods.  The  esters 
give  good  results  on  quantitative  saponification  as  the  acid  is  accurately 
titrated  with  phenolphthalein. 

The  remarkable  fact  about  /3,/3'-dichloro-ethyl  sulfide  is  that  the  in- 
fluence of  the  sulfur  renders  the  chlorine  atoms  quite  movable.1    This 

1  Marshall,  /.  Am.  Med.  Assoc,  73,  684  (1919);  C.  A.t  13,  2929  (1919). 
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same  influence  appears  in  the  instability  of  the  corresponding  acetate  as 
recently  brought  out  by  Helfrich  and  Reid.1  It  appears  here  that  the 
amide  of  this  new  acid  decomposes  readily  and  its  anilide  and  toluidide 
were  found  too  unstable  to  prepare  for  analysis. 

Historical. 

Letts  and  Collie8  prepared  the  methyl  ether  of  thioglycolic  acid  by  the 
action  of  methyl  sulfide  on  ethyl  iodoacetate  and  made  the  sodium  and 
barium  salts  of  the  corresponding  add. 

Claesson*  obtained  the  corresponding  ethyl  derivative  by  the  action 
of  the  ethyl  ehloro-acetate  on  sodium  ethyl  mercaptide  in  alcohol  solution 
and  the  saponification  of  the  ethyl  ester  with  a  solution  of  barium  hydrox- 
ide in  a  sealed  tube.  They  prepared  a  number  of  its  salts  and  the  amide 
(m.  p.  440).  The  amyl  ether  was  made  in  the  same  way  but  was  not 
studied.    His  method  is  cumbersome  and  round  about. 

Experimental. 

To  600  cc.  of  water  are  added  120  g.  of  sodium  hydroxide  and  360  g.  of 
crude  butyl  mercaptan  (containing  75%  BuSH)  and  into  this  solution, 
while  it  is  stirred  and  cooled,  is  poured  a  concentrated  solution  of  285  g. 
of  chloro-acetic  acid  previously  neutralized  with  sodium  carbonate.  Much 
heat  is  evolved  in  the  reaction  and  efficient  cooling  is  required.  After 
some  hours,  the  mixture  is  heated  and  then  steam  distilled  to  drive  off 
volatile  impurities  derived  from  the  crude  mercaptan.  On  addition  of  dil. 
sulfuric  acid  to  the  filtered  solution,  the  free  acid  forms  as  an  oily  layer, 
which  is  separated,  dried,  and  distilled  under  diminished  pressure.  From 
the  above  amounts,  395  g.  of  crude  acid  or  87%  of  that  calculated,  was 
obtained.  The  fraction,  245  g.,  boiling  140-4°  at  10-15  mm.,  was  col- 
lected. 

Properties. — It  is  a  slightly  yellowish  oil,  still  liquid  at  — 14°;  it  boils 
with  only  slight  decomposition.  It  is  almost  insoluble  in  water  but  mixes 
with  alcohol  and  ether. 

Identification  Derivative. — The  p-nitrobenzyl  ester4  was  found  to  be 
an  oil  but  the  p-bromophenacyl  ester6  was  readily  obtained,  m.  p.  95°. 

Salts. — Thebarium  and  calcium  salts  were  made  by  adding  the  respective 
carbonates  to  the  acid  suspended  in  hot  water,  after  which  the  solutions 
were  filtered  and  cooled.  The  barium  salt  separates  as  transparent  tab- 
lets with  the  peculiar  property  of  being  quite  flexible.  It  is  readily  sol- 
uble in  hot  water  and  only  sparingly  so  in  cold  water.  The  calcium  salt 
separates  as  an  aggregate  of  white  leaflets,  readily  soluble  in  water.    The 

1  Helfrich  and  Reid,  This  Journal,  43,  1208  (1920). 

*  Letts  and  Collie,  Jahresb.,  1878,  p.  685. 

*  Claesson,  Bull.  soc.  chim.  [2]  23,  444  (1875). 
4  This  Journal,  39»  124  (1917). 

*  Ibid.,  42,  1043  (1920). 
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strontium  salt  was  made  from  solutions  of  the  sodium  salt  by  precipitation 
with  strontium  chloride.  It  is  obtained  as  transparent  tablets,  rather 
soluble  in  water.  The  nickel  and  cobalt  salts  were  prepared  from  solu- 
tions of  the  barium  salt  and  of  the  sulfates  of  these  metals.  The  nickel 
salt  is  obtained  as  minute  faintly  green  crystals,  sparingly  soluble  in 
water. 

The  zinc  salt  was  prepared  from  the  carbonate  and  a  suspension  of  the 
acid  in  hot  water.  It  separates  as  fine  silky  needles  rather  soluble  in 
water. 

The  cadmium  and  manganese  salts  were  prepared  by  double  decompo- 
sition from  the  sodium  salt  and  sulfates  of  these  metals.  The  cadmium 
salt  forms  minute  colorless  crystals  sparingly  soluble  in  water.  The  man- 
ganese salt  separates  as  faintly  pink  flakes,  rather  soluble  in  water. 

The  copper  salt  was  prepared  from  the  barium  salt  and  copper  sulfate 
and  came  down  as  minute  blue  crystals,  fairly  soluble  in  water.  The  silver 
salt  was  obtained  from  the  barium  salt  with  silver  nitrate  solution,  as 
minute  gray  crystals  only  sparingly  soluble  in  water.^It  is  anhydrous 
and  melts  at  137.5  °. 

By  passing  dry  'ammonia  into  an  ether  solution  of  the  acid  according 
to  McMaster's  method1  the  ammonium  salt  separated  as  a  crystalline  mass 
but  it  is  unstable  and  analysis  showed  partial  decomposition. 

The  magnesium  and  lead  salts  could  not  be  obtained  in  crystalline  form. 
The  sodium  salt  is  left  as  a  syrupy  very  soluble  mass  when  its  water 
solution  is  evaporated  but  could  not  be  obtained  in  condition  for  analysis. 

For  the  corresponding  ethyl  acid,  Claesson  found  the  calcium  and 
barium  salts  to  be  anhydrous.  His  zinc,  cadmium,  cobalt,  nickel  and 
copper  salts  agree  with  ours,  while  his  silver  salt  contained  one  molecule 
of  water  of  crystallization. 

Composition  and  Analyses  of  Salts. 

Water.  Metal. 

Calc.        Found.  Calc.  Found. 

R-C«HuOtS.  %.  %.  %.  %. 

BaRi'o.5H80 2.04  2.18  31. 13  3* -55 

CaRro.5HsO 2.62  2.71  11.66  11. 71 

SrRj-i.sHjO 6.61  6.61  21.32  21.57 

NiR»'2HjO 9.25  9.20  15.16  14.98 

CoRs'2HtO 9.25  9.25  15.16  15.32 

ZnRs'2H*0 9.13  9.65  16.45  1572 

CdRt'HjO 4.24  4.08  26.41  26.16 

MnRj-HiO 4.90  5.14  1498  15.45 

CuRj^HjO 9.16  9.09  16.03  16.43 

Ag  R 42.36  42.96 

Acid  Chloride,  C4H9SCH2COCI  — A  mixture  of  150  g.  of  the  acid  and 
70  g.  of  phosphorus  trichloride  (calc.  45  g.  for  l/z  mol.)  was  heated  for  2 
1  McMaster,  Am.  Chem.  J.,  49,  84  (1913). 
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hours  at  ioo°,  then  cooled  to  o°  and  the  acid  chloride  decanted.1  The 
product  was  fractionated  and  the  portion  which  boiled  from  89-91  °  at  8  to 
9  mm.  was  collected  as  the  pure  substance.  Yield,  155  g.  or  93%.  The 
chloride  is  a  colorless  liquid  with  a  peculiar  odor;  it  fumes  only  slightly  in 
the  air.  It  boils  at  2180  (corr.)  at  758  mm.  with  considerable  decomposi- 
tion. It  has  d"  1.0956  and  nD  1.48 10.  Analysis  gave  21.20%  CI,  cal- 
culated 21.32. 

Amidc.T— The  amide  is  readily  obtained  by  pouring  the  chloride  into 
strong  cold  ammonium  hydroxide.  It  melts  at  65  °  and  is  not  stable  in 
contact  with  moist  air. 

Calc:  S,  21.76;  N,  9.52.    Found:  S,  21.20;  N,  9.30,  9.46. 

Attempts  were  made  to  prepare  the  anilide  and  p-toluidide,  but  they 
could  not  be  obtained  pure. 

Esters. — The  esters  were  made  from  the  acid  chloride  and  the  alcohols. 
The  products  were  washed  with  water  and  sodium  carbonate  solution, 
dried  and  fractionated  at  reduced  pressures.  Weighed  samples  were  sapon- 
ified with  standard  sodium  butylate  in  butyl  alcohol  according  to  method 
of  Pardee  and  Reid.*  The  sulfur  was  determined  by,  the  Carius  method. 
The  properties  and  analyses  are  given  in  the  table. 

Analyses  op  Acids  and  its  Esters. 

Sulfur. 

Mol.  wt.  , ■ , 

/ • *  Suba.  BaSOi.  Calc.  Found. 

Calc.        Found.  G.  G.  %.  %. 

Acid 148  149  0.1707  0.2635  21.62  21.14 

Methyl  ester 162  160  0.1730  0.2480  19.75  19-65 

Ethyl  ester 176  179  0.1795  0.2347  18.18  17.93 

Propyl  ester 190  189  0.1750  0.2100  16.84  16.45 

Butyl  ester 204  202  0.2130  0.2365  15 .68  15 .25 

Properties  of  Acid  and  its  Esters. 

B.  p.  pressure.  B.  p.  cor.  jO  j25  Mol.  vol.       r—l250 

Mm.  pressure.   Mm.  °0-  a25»  0°.  lnlD     • 

Acid 140010  282. 2,M  1. 077 1  i. 063 1  1376  1.4780 

Me  ester 85 °10  224.0™  1.0299  1.0125  157.5  1.4590 

Et  ester 89-90010  235.5™  1.0044  0.9881  175.5  1.4560 

Pr  ester 93-408  250. 2™  0.9892  0.9723  192.3  1-4555 

Bu  ester ios-6°*  263.8™  0.9794  0.9630  210.2  1.4555 


Comparing  the  boiling  points  of  our  acid  and  its  esters  with  those  of 
n-hexoic  acid  and  its  esters,  we  find  the  following  differences:  acid,  77 °; 
Me  ester,  74°;  Et,  67  °;  Pr,  65  °;  Bu,  59°.  These  differences  are  about  as 
we  would  expect,  when  we  consider  that  dibutyl  sulfide  (b.  p.  1820)  boils 
570  higher  than  n-octane  (b.  p.  1250). 

1  Aschan,  Ber.,  31,  2346  (1898). 

*  Pardee  and  Reid,  /.  Ind.  Eng.  Chem.t  12,  129  (1920). 
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Summary. 
The  n-butyl  ether  of  thioglycolic  acid,  C4H9SCH2COOH,  and  some  of 
its  salts  and  derivatives  have  been  studied.    The  following  new  compounds 
have  been  prepared.    In  each  case  R  indicates  the  radical  CJIgSCHa. 

RCOOH  (RCO,),Sr.i.5H,0 

RCOC1  (RC0,)iNi.2H,0 

RCONH,  (RCO,)2C0.2H,0 

RCO,CH,  (RCO,)iZn.2HiO 

RCOjCHj  (RCO,),Cd.H,0 

feCCCJi,  (RCO,),Mn.H,0 

(RCO,)aBa.o.5H,0  (RCOOiCu^HjO 


(RCO,),Ca.o.5H,0  RCOjAg 


Ba^TIMOK*,   MD. 


[Forty-fourth  Contribution  from  ths  Color  Laboratory,  U.  S.  Burbau  of 

Chemistry.  ] 

ISOCYANINE  DYES  FROM  LEPIDINE  AND    ITS  HOMOLOGS. 

By  Elliot  Q.  Adams  and  Herbert  L.  Hallbr. 

Received  Sept.  7,  1920. 

The  mixed  alkyl  halides1  of  quinoline2  and  lepidine8  give  with  alcoholic 
alkalies  blue  dyes  known  as  "cyanines;"4  when  quinaldine*  replaces  lep- 
idine, pink  "isocyanines"8  are  formed.  In  both  cases  the  quinoline  may 
be  replaced  by  quinaldine  so  that  the  mixed  alkyl  halides  of  quinaldine 
and  lepidine  give  with  alcoholic  alkalies  a  blue;7  and  alkyl  halides  of 
quinaldine  only,  a  pink  color. 

From  these  and  other  data  it  has  been  concluded  that  "cyanine"8  is  a 
derivative  of  4,4-diquinolyl-methane  and  "isocyanine"  of  4,2-diquinolyl- 
me thane.  It  needs  hardly  to  be  stated  that  the  hydrogens  (1)  and  (1') 
must  be  replaced  to  permit  the  formation  of  dyes  capable  of  existence  in 
alkaline  solution. 

The  formation  of  a  dye  with  alkali  and  quinaldine  alkyl  halides  alone 
is  explained  as  a  condensation  of  the  2-methyl  and  4-hydrogen,  respectively, 

1  It  is  now  known  that  other  quaternary  addition  compounds  react  similarly 
but  the  earliest  dyes  of  all  the  types  mentioned  were  halides. 

*  Benzene-substituted  quinolines  react  similarly. 

*  J.  e.,  4-methyl  quinoline;  benzene-substituted  lepidines  react  similarly. 
4  C.  Greville  Williams,  Chem.  News,  1,  15  (i860). 

*  /.  e.,  2-methyl  quinoline.     Benzene-substituted  quinaldines  react  similarly. 
•Spalteholz,  Ber.,  16,  1849  (1883).    Hoogewerff  and  V.  Dorp,  Rec.  trav.  chim. 

2,  28,  41  (1883);  a,  317-26  (1883);  3i  336-62  (1884). 

1  The  results  obtained  with  this  combination  appear  to  be  nowhere  recorded  i  n  the 
literature  available  to  us;  since  the  blue  solution  thus  prepared  is  a  mixture  of  at  least 
5  dyes,  no  one  of  which  can  be  obtained  crystalline,  this  omission  is  hardly  to  be  won- 
dered at. 

»  This  nomenclature  was  first  suggested  by  Hoogewerff  and  V.  Dorp,  loc.  tit. 
A  more  detailed  explanation,  together  with  a  more  complete  bibliography,  will  be  given 
in  a  paper  from  this  laboratory  by  I«.  B.  Wise. 


Digitized  by  VjOOQH 


239° 


ELLIOT  Q.  ADAMS  AND  HERBERT  L.   HALLER. 


6 
7 


H 


A/ 


N  N+ 

I  I 

H  H 

Cyanine(ion). 


3/  T  6' 

V/V/      It 


Iso-cyanine  (ion). 


of  2  molecules  of  the  intermediate.  If  this  explanation  be  correct,  it 
should  be  possible  to  get  a  similar  dye  by  the  action  of  alkali  on  a  lepidine 
alkyl  halide  by  condensation  of  a  4-methyl  and  a  2 -hydrogen.  All  the 
published  accounts  of  dye  formation  from  lepidine  describe  a  blue  or 
violet  color.  This  is  probably  due  to  the  presence  of  quinoline  in  the 
lepidine  used,  for  lepidine  made  from  cinchonine  is  certain  to  contain 
quinoline.  Synthetic  lepidine  should  contain  no  quinoline,  but  may  con- 
tain quinaldine,  and  as  mentioned  above,  this  impurity  likewise  permits 
the  production  of  a  dye  of  the  cyanine  type.  When  lepidine  ethiodide  of 
sufficient  purity  is  treated  with  alcoholic  alkali  in  hot  concentrated  solu- 
tion, the  principal  product  is  an  tso-cyanine.  In  dilute  solution  or  in  the 
presence  of  formaldehyde  other  products  result,  which  will  be  described  in 
a  later  article.  The  isocyanine  is  presumably  isomeric  with  that  from 
quinaldine  ethiodide,  but  is  crystallographically1  very  different;  its  photo- 
sensitizing action  is  similar.  Since  other  isocyanines  possess  greater 
photosensitizing  power,  these  new  isocyanines  are  interesting  chiefly  from 
the  light  which  their  existence  throws  on  the  nature  of  the  isocyanine 
condensation;  this  type  of  dye  can  be.  formed  alike  from  a  2 -methyl  and 
from  a  4-methyl-quinoline  alkyl  halide,  hence  the  only  possible  formula- 
tion of  the  reaction  is  as  a  4,2'  condensation. 

Preparation  of  Isocyanine  from  Lepidine  Methiodide. — One  hundredth 
of  a  mole  (2.85  g.)  of  lepidine  methiodide,  was  dissolved  in  25  cc.  methyl 
alcohol  and  the  solution  heated  to  boiling.  10  cc.  of  0.5  N  solution  of 
sodium  methylate  (0.005  mole,  equivalent  to  0.115  g.  of  sodium)  was 
gradually  added  to  the  boiling  solution.  Boiling  was  continued  for  a  few 
minutes  after  the  addition  of  the  alkali,  the  flask  loosely  stoppered  and 
the  slightly  concentrated  solution  allowed  to  cool  very  slowly.  After  24 
hours  very  fine  bluish-black  crystals  separated.  These  were  filtered  off 
with  suction,  washed  with  ice-cold  methyl  alcohol,  methyl  alcohol-ether, 
and  finally  ether  alone.    The  yield  was  about  0.8  g. 

Preparation  of  Isocyanine  from  Tolu-lepidine  Methiodide. — The  same 

1  The  crystallography  of  these  2  and  of  2  other  isomers  is  being  studied  by  Dr. 
E.  T.  Wherry,  of  the  Crystallography  Laboratory  of  the  Bureau  of  Chemistry. 
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procedure,  starting  with  2.99  g.  of  tolu-lepidine  methiodide  (1,4,6-tri- 
methyl-quinolium  iodide)  gave  0.75  g.  of  a  crystal  felt  with  a  bluish-green 
sheen. 

Preparation  of  Isocyanine  from  Tolu-lepidine  Ethiodide.— The  same 
procedure,  starting  with  3.13  g.  of  tolu-lepidine  ethiodide  (i-ethyl-4,6- 
dimethyl-quinolinium  iodide)  gave  0.47  g.  of  a  purplish-black  powder, 
containing  many  crystals  showing  brassy  and  blue-green  metallic  reflec- 
tions. 

Preparation  of  Isocyanine  from  Lepidine  Ethiodide. — Starting  with 
1.5  g.  of  lepidine  ethiodide,  the  same  procedure  was  followed  (half  the 
quantity  of  all  reagents  being  used)  except  that  the  solution  was  concen- 
trated to  a  volume  of  5  cc.  and  allowed  to  stand  for  2  weeks.  The  dye 
separated  in  blunt  (apparently)  square  prisms,  with  a  brass-like  luster, 
and  showing  peculiarly  mottled  reflection  colors.    The  yield  was  0.16  g. 

Preparation  of  Isocyanine  from  Tolu-lepidine  Methnitrate. — A  solu- 
tion of  4.50  g.  of  tolu-lepidine  methiodide  in  40  cc.  of  methyl  alcohol  was 
added  to  a  solution  of  2.56  g.  of  silver  nitrate  in  80  cc.  of  methyl  alcohol, 
and  the  precipitated  silver  iodide  filtered  off.  As  the  solution  gave  a 
test  for  silver,  a  small  amount  of  the  solution  of  the  intermediate  was  added, 
and  the  filtration  repeated.  The  solution  was  concentrated  to  50  cc.  and 
15  cc.  of  0.5  N  sodium  methylate  (0.1725  g.  of  sodium  in  15  cc.  of  methyl 
alcohol)  was  added  to  the  boiling  solution,  which  was  then  concentrated 
to  25  cc.  and  allowed  to^cool  very  slowly.  The  blue-black  crystals  which 
separated  were  washed  with  ice-cold  methyl  alcohol,  methyl  alcohol-ether, 
and  finally  ether  alone.    The  yield  was  0.43  g. 

Summary. 

1.  The  quaternary  addition  products  of  sufficiently  pure  lepidine  (or 
homologs  of  lepidine)  give  when  treated  with  alcoholic  alkalies  in  hot, 
concentrated  solution,  dyes  of  the  isocyanine  type,  similar  to,  but  not 
identical  with,  those  given  by  the  corresponding  derivatives  of  quinaldine. 

2.  The  preparation  of  5  such  dyes  is  described. 

3.  The  formation  of  isocyanines  from  lepidine  confirms  the  hypothesis, 
now  generally  accepted,  that  these  dyes  contain  2  quinoline  nuclei  at- 
tached to  a  central  carbon  atom  in  Positions  4  and  2  respectively. 

Washington,  D.  C. 
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[Forty-third  Contribution  from  ths  Color  Laboratory  of  the  Bureau  of 

Chemistry.] 

SYNTHESIS  OF  PHOTOSENSITIZING  DYES  (II),  DICYANINE  A.1 

By  Louis  A.  Mikeska,  Herbert  L.  Haixer  and  Eluot  Q.  Adams. 

Received  September  9,  192a 

The  photosensitizing  dyes  (derived  from  quinoline)  in  use  prior  to  19 19 
were  of  4  general  types:  isocyanines,  e.  g.,  pinaverdol,  sensitizing  to  green 
and  yellow;  cyanines  and  pinacyanols,  both  sensitizing  to  orange  and  red; 
and  dicyanines,  which  extend  the  sensitiveness  of  the  plate  to,  or  even 
beyond  9000  A.  The  dye  of  this  last  type  which,  from  the  point  both  of 
preparation  and  of  use,  we  have  fbund  most  satisfactory  is  that  termed 
by  the  German  manufacturers  "Dicyanin  A." 

We  have  prepared  this  dye  by  the  action  of  sodium  methylate  (or 
ethylate)  in  absolute  methyl  (or  ethyl)  alcoholic  solution,  in  the  presence 
of  air,  on  2,4-dimethyl-6-ethoxy-quinoline  ethnitrate,  obtained  by  the 
action  of  silver  nitrate  on  the  ethiodide  of  the  same  base.  The  base  is 
prepared  from  £-phenetidine  by  condensation  with  paraldehyde  and 
acetone.2 

The  corresponding  dicyanine  A  iodide  is  more  difficult  to  use  in  the 
plate-staining  bath,  but  has  somewhat  better  keeping  qualities. 

Preparation  of  24-dimethyl-o-ethoxy-quinoline. — A  mixture  of  300 
g.  of  acetone  and  200  g.  of  paraldehyde,  cooled  on  ice,  is  saturated  with 
hydrogen  chloride.  After  standing  at  o°  for  2  hours,  the  saturation  is 
repeated,  the  mixture  removed  from  the  ice-bath  and  allowed  to  stand 
at  room  temperature  for  20  hours.  It  is  then  added  slowly  to  a  solution 
of  300  g.  of  phenetidine  in  600  g.  of  cone,  hydrochloric  acid  (sp.  gr.  1.2). 
The  mixture,  in  a  flask  attached  to  a  reflux  condenser,  is  heated  in  a 
water-bath  for  2  hours,  then  it  is  cooled,  neutralized  with  a  concentrated 
solution  of  sodium  hydroxide,  and  extracted  with  ether.  The  ether  extract 
is  dried  with  anhydrous  sodium  sulfate,  the  ether  removed  by  distillation 
and  the  residue  distilled  under  reduced  pressure.  To  the  distillate  is  added 
an  equal  weight  of  acetic  anhydride;  this  mixture  is  heated  on  a  steam- 
bath  for  half  an  hour  and  poured  into  water.  The  phenacetine  and  un- 
changed anhydride  are  removed  by  filtration,  the  filtrate  neutralized  with 
a  concentrated  solution  of  sodium  hydroxide,  and  extracted  with  ether; 
then  the  ether  is  removed  and  the  residue  distilled  as  before.  The  distil- 
late is  dissolved  in  twice  its  weight  of  cone,  hydrochloric  acid  and  a  slight 
excess  of  sodium  nitrate  solution  added  at  o°.  The  solution  is  extracted 
with  etherjjjatjo0,  and  the  extract  discarded.    The  diazo-compounds  are 

1  The  preparation  of  pinaverdol  and  pinacyanol  has  been  described  by  L.  £.  Wise, 
E.  Q.  Adams,  J.  K.  Stewart  and  C.  H.  Lund.     /.  Ind.  Eng.  Chem.t  11,  460  (1919). 

2  The  preparation  of  2,4-dimethyl-quinoline  is  described  by  L.  A.  Mikeska,  J.  K. 
Stewart  and  Louis  E.  Wise.     /.  Ind.  Eng.  Chem.,  11, 456  (1919). 
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destroyed  by  heating  the  solution  on  the  steam-bath;  the  solution  is  neu- 
tralized with  cone,  sodium  hydroxide  solution  and  extracted  with  ether, 
the  ether  removed  by  distillation  and  the  residue  distilled  under  reduced 
pressure.  The  distillate  is  dissolved  in  its  own  weight  of  95%  alcohol, 
and  an  equal  weight  of  alcohol  containing  about  10%  in  excess  of  the  theo- 
retical amount  of  sulfuric  acid  added.  The  precipitated  sulfate  is  collected 
on  a  filter,  washed  with  alcohol  and  then  with  ether.  The  base  is  recov- 
ered as  before  and  recrystallized  from  petroleum  ether.  A  yield  of  75  g. 
of  base  boiling  between  3140  and  3160  should  be  obtained. 

A  preparation  made  as  above,  except  that  the  final  purification  was 
made  by  fractional  distillation,  gave  in  4  analyses: 

Calc.  for  ChHijNO:  N,  6.96.    Found:  6.96,  6.95,  6.97,  6.88. 

Preparation  of  24-dimethyl-6-ethoxy-quinoline  Ethiodide. — To  10  g. 
of  2,4-dimethyl-6-ethoxy-quinoline  is  added  an  equal  weight  of  ethyl 
iodide.  The  mixture  in  a  flask  attached  to  a  reflux  condenser  is  heated  for 
20  hours  on  the  steam-bath.  After  it  has  cooled  the  solid  reaction  product 
is  washed  in  the  flask  with  ether.  It  is  then  recrystallized  several  times 
from  boiling  95%  alcohol.  A  yield  of  10  g.  should  be  obtained. 
Calc.  for  CifiHjoNOI:  N,  3.92.     Found:  Kjeldahl,  3.76,  3.71. 

Preparation  of  Dicyanine  A  Nitrate  (A  VI). — A  solution  of  5.36  g. 
of  2,4-dimethyl-6-ethoxy-quinoline  ethiodide  (0.015  mol)  in  25  cc.  of 
absolute  ethyl  alcohol  is  slowly  added  to  a  solution  of  2.55  g.  of  silver 
nitrate  in  175  cc.  of  hot  absolute  ethyl  alcohol.  The  precipitated  silver 
iodide  is  removed  by  filtration.  If  the  filtrate  is  found  to  contain  silver, 
a  slight  excess  of  the  ethiodide  solution  is  added  and  the  filtration  repeated. 
The  solution  is  concentrated  to  60  cc,  cooled  to  io°,  and  air  passed  through 
it  while  a  solution  of  sodium  ethylate,  prepared  by  dissolving  0.1725  g. 
of  metallic  sodium  in  15  cc.  of  absolute  ethyl  alcohol,  is  added  slowly. 
The  aeration  is  continued  for  16  hours,  the  precipitated  sodium  nitrate 
removed  by  filtration  with  the  aid  of  suction,  and  the  solution  placed  in  a 
vacuum  desiccator  for  24  hours. 

The  grass-green  crystals  which  separate  are  collected  on  a  filter  and 
washed  with  ice-cold  ethyl  alcohol,  ethyl  alcohol-ether,  and  finally,  ether 
alone.     The  yield  is  about  0.15  g. 

Preparation  of  Dicyanine  A  Iodide  (A  IV). — A  solution  of  sodium 
methyfate  was  prepared  by  dissolving  0.345  g-  of  metallic  sodium  in  30 
cc.  of  absolute  methyl  alcohol.  This  sodium  methylate  was  added  slowly 
to  a  solution  of  10.72  g.  of  2,4-dimethyl-6-ethoxy-quinoline  ethiodide  (0.03 
mol.)  in  100  cc.  of  methyl  alcohol,  the  mixture  cooled  to  io°  and  shaken 
continuously.  The  solution  is  then  allowed  to  stand  at  room  temperature 
in  an  open  Erlenmeyer  flask  for  60  hours.  The  beetle-green  crystals 
which  separate  are  collected  on  a  filter  and  washed  with  ice-cold  methyl 
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alcohol,  then  with  methyl  alcohol-ether  mixture,  and  finally,  with  ether 
alone.    The  yield  is  about  0.25  g. 

Summary. 
Directions  are  given  for  the  preparation  of  2,4«cUmethyl-6-ethoxy-quin- 
oline  from  ^-phenetidine;  for  the  preparation  of  the  ethiodide  of  this  base, 
and,  from  it,  the  nitrate  and  iodide  of  Dicyanine  A. 

Washington,  D.  C 


[Forty-Sixth  Contribution  from  the  Color  Laboratory  op  thb  Burbau  of 
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TETRAMETHYL-QUINOLINES. 

By  Louis  A.  Mkeska  and  Elliot  Q.  Adams. 

Received  September  14.  1920. 

Among  the  photosensitizing  dyes  prepared  from  quinoline  derivatives, 
those  which  extend  the  sensitiveness  of  the  photographic  plate  farthest 
into  the  infra-red  are  the  dicyanines.  They  are  prepared  by  treating 
with  alkali  the  quaternary  halides  of  2,4-dimethyl-quinoline  or  its  homo- 
logs.  2,4-Dimethyl-quinoline  is  obtained  from  aniline,  acetone  and  paral- 
dehyde by  a  condensation  similar  to  the  well-known  Skraup  synthesis. 
The  substitution  of  toluidines  for  aniline  in  this  reaction  gives  rise  to 
derivatives  of  2,4-dimethyl-quinoline  with  one  methyl  group  in  the  ben- 
zene ring.  As  the  dicyanine  obtained  from  2,4,6-trimethyl-quinoline 
seems  to  be  somewhat  superior  to  that  obtained  from  2,4-dimethyl- 
quinoline,  a  study  of  the  effect  of  the  introduction  of  another  methyl 
group  in  the  benzene  ring  was  undertaken.  To  do  this,  xylidines  were 
substituted  for  aniline  in  the  synthesis.  Since  this  reaction  required  an 
unsubstituted  hydrogen  in  the  ortho  position  to  the  amino  group  it  is 
evident  that  it  is  inapplicable  to  w-2-xylidine.  On  the  other  hand,  0-4- 
xylidine  can  theoretically  yield  2  isomers,  so  that  it  should  be  possible 
to  obtain  6  tetramethyl-quinolines  from  the  6  known  xylidines. 

A  search  of  the  literature  has  revealed  that  this  reaction  has  been 
applied  to  w-4-xylidine  by  Levin  and  Riehm,1  who  obtained  a  tetramethyl- 
quinoline  to  which  they  assigned  the  alternative  constitutions  of  2,4,5,6-  and 
2,4,6,7-tetramethyl-quinolines,  based  on  the  erroneous  assumption  that 
m-4-xylidine  is  i,2-dimethyl-4-aminobenzene.  Since  the  name  and  struc- 
ture applied  to  the  xylidine  used  do  not  accord  it  was  necessary  to  repeat 
their  work  in  order  to  ascertain  whether  m-4-xylidine  or  0-4-xylidine  was 
actually  used.  Levin  and  Riehm  employed  acetone  alone  in  this  con- 
densation, whereas  we  used  a  mixture  of  acetone  and  paraldehyde.  The 
melting  point  of  the  tetramethyl-quinoline  obtained  from  wt-4-xylidine 
agrees  with  that  of  the  base  obtained  by  Levin  and  Riehm,  thus  indicating 
that  they  used  m-4-xylidine. 

1  J.  Levin  and  P.  Riehm,  Ber.,  iq,  1394  (1886). 
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Symmetrical  xylidine,  obtained  from  mesitylene  according  to  the  method 
described  by  Haller  and  Adams1  was  used  in  the  synthesis  of  2,4,5,7- 
tetramethyl-quinoline;  and  ^-xylidine  served  as  an  intermediate  in  the 
preparation  of  the  corresponding  2,4,5,8-tetramethyl  derivative. 

The  work  on  2,4,7,8-,  2,4,5,6-  and  2,4,6,7-tetramethyl-quinoline  will  be 
begun  as  soon  as  the  necessary  0-xylidines  can  be  obtained  in  pure  state. 

The  3  tetramethyl-quinolines  so  far  isolated*  are  obtained  by  the 
general  procedure  described  below. 

Experimental  Part. 

A  mixture  of  30  g.  of  acetone  and  20  g.  of  paraldehyde  is  saturated  with 
dry  hydrogen  chloride  at  o°  and  is  allowed  to  stand  for  18  hours  at  room 
temperature.  The  reaction  mixture  is  then  poured  into  a  solution  of  27 
g.  of  xylidine  in  54  g.  of  cone,  hydrochloric  acid.  The  reaction  begins  at 
once  with  slight  evolution  of  heat  and  is  completed  by  heating  for  1  to  2 
hours  on  a  water-bath  under  a  return  condenser.  The  dark  brown  mass 
is  next  neutralized  with  cone,  sodium  hydroxide  solution,  whereupon  a 
brown  oil  is  obtained,  which  is  separated  from  the  mother  liquor  by  extrac- 
tion with  ether.  The  ether  extract  is  dried  with  sodium  sulfate,  the  ether 
removed,  and  the  residue  distilled  under  reduced  pressure.  In  order  to 
remove  the  unchanged  xylidine  the  distillate  is  heated  on  a  water-bath 
for  2  hours  with  an  equal  weight  of  acetic  anhydride  and  is  then  poured 
into  several  volumes  of  cold  water.  The  acetxylid  is  thus  precipitated 
and  removed  by  filtration,  the  filtrate  treated  with  an  excess  of  alkali 
to  regenerate  the  base  which  separates  in  the  form  of  an  oil  but  solidifies 
on  cooling  and  stirring.  For  2,4,5,7-  and  2,4,6,8-tetramethyl-quinolines 
the  yield  at  this  stage  of  purity  is  about  22  to  25  g.  For  2,4,5, 8-tetra- 
methyl-quinoline  the  yield  is  somewhat  less.  The  last  traces  of  unchanged 
xylidine,  together  with  small  amounts  of  the  corresponding  tetrahydro- 
quinolines,  are  removed  from  the  acid  solution  by  diazotization  with 
sodium  nitrite.  The  nitroso  tetrahydro-quinolines  are  removed  by  extract- 
ing the  acid  solution  with  ether,  the  diazonium  salts  are  decomposed  by 
heating  and  the  quinoline  bases  are  regenerated  by  treating  with  excess 
of  alkali.  The  free  base  is  then  recrystallized  from  petroleum  ether. 
2f4>5>7-  and  2,4,6,8-,  tetramethyl-quinoline  are  readily  obtained  in  the 
form  of  snow-white  crystals  melting  at  59  °  and  86*  respectively.  It  is 
somewhat  more  difficult  to  purify  the  corresponding  2,4,5,8-tetramethyl 
derivative  which  melts  at  131  °. 

Summary. 

1.  The    only    2,4-dimethyl-benzene-dimethyl-quinoline    hitherto    de- 
scribed, was  incorrectly  named  by  Levin  and  Riehm,  who  prepared  it* 
1  H.  L.  Haller  and  E.  Q.  Adams,  This  Journal,  43,  1840-2  (1920). 
1  As  the  senior  author  has  left  the  Color  Laboratory,  it  has  been  thought  best  to 
publish  the  work  completed  to  date. 
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2.  The  synthesis  of  2,4,6,8-,  of  2,4,5,7-,  and  2,4,5,8-tetramethyl-quinoline 
is  described,  and  the  properties  of  these  bases  noted. 

Washinoton,  D.  C 


[Forty-fifth  Contribution  from  the  Color  Laboratory  of  the  Burbau  of 

Chemistry.] 

THE  PREPARATION  OF  LEPIDINE  AND  RELATED  BASES. 

By  Louis  A.  Mikbska. 

Received  September  14,  1920. 

The  first  of  the  cyanine  dyes  was  prepared  by  Williams,1  from  what 
we  now  know  to  have  been  a  mixture  of  lepidine  and  quinoline,  by  treat- 
ment first  with'amyl  iodide  and  then  with  alcoholic  potash.  The  import- 
ance of  lepidine  as  a  source  of  cyanine  has  been  considerably  diminished 
by  the  introduction  of  pinacyanol,  derived  from  the  more  easily  obtained 
quinaldine,2  possessing  the  same  sensitizing  properties  as  cyanine,  and 
obtained  in  considerably  better  yield.  The  recent  discovery  that  from 
the  alkyl  halides  of  lepidine  and  related  bases  can  be  obtained,  not  only 
a  number  of  hitherto  unknown  dyes  of  the  isocyanine  (or  pinaverdol)  type, 
but  also  dyes  of  a  new  type,3  possessing  interesting  and  useful  sensitizing 
properties  in  the  infra-red,  renders  the  preparation  of  pure  lepidine  in 
good  yield  again  a  matter  of  importance. 

Several  different  methods  for  the  preparation  of  lepidine  are  quoted 
in  Beilstein's  "Handbook,"  but  without  exception  they  are  difficult  to  carry 
out  and  disappointing  in  yield  and  purity  of  product.  The  following 
procedure  has  been  found  to  give  a  fair  yield  of  pure  lepidine. 

Preparation  of  Lepidine. — A  mixture  of  300  g.  of  acetone  and  300  g. 
of  40%  formaldehyde  is  cooled  in  ice  and  saturated  with  hydrogen  chlor- 
ide. After  standing  overnight  at  room  temperature,  it  is  cooled  and 
saturated  with  hydrogen  chloride  as  before,  and  again  allowed  to  stand 
overnight.  It  is  then  slowly  added  to  a  cooled  mixture  of  300  g.  of  aniline 
and  600  g.  of  hydrochloric  acid  (sp.  gr.  1.2).  The  mixture  is  heated  on  a 
water-bath  for  3  hours,  under  a  reflux  condenser.  After  cooling  it  is 
neutralized  with  cone,  sodium  hydroxide  solution  and  extracted  with  ether. 
The  extract  is  dried  over  sodium  sulfate,  the  ether  distilled  off  and  the 
residue  distilled  under  reduced  pressure.  To  the  distillate  is  added  an 
equal  weight  of  acetic  anhydride,  and  the  mixture  is  heated  on  the  steam- 
bath  half  an  hour  and  then  poured  into  water.  The  acetanilide  and  un- 
changed anhydride  are  filtered  off,  and  the  lepidine  recovered  by  neutral- 

1  C  Greville  Williams,  Chetn.  News,  1,  15  (i860). 

*  By  treatment  with  formaldehyde  and  alcoholic  alkali,  with  exclusion  of  air. 
Cf.  L.  E  Wise,  E.  Q.  Adams,  J.  K.  Stewart  and  C.  H.  Lund,    This  Journai,,  ii,  460 

(1919). 

•  Kryptocyanines.    E.  Q  •  Adams  and  H.  L.  Hailer,  will  be  published  later. 
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king,  extracting  and  distilling  as  before.  Traces  of  acetanilide  may  be 
removed  at  this  point  by  dissolving  the  lepidine  in  petroleum  ether,  filter- 
ing, and  distilling  off  the  solvent.  The  lepidine  is  dissolved  in  1.5  times 
its  own  weight  of  hydrochloric  acid  (sp.  gr.  1.2)  and  cooled.  A  slight 
excess  of  sodium  nitrite  is  added  and  the  cold  solution  extracted  with 
ether  (to  remove  nitroso-tetrahydro-lepidine).  The  solution  is  boiled  to 
decompose  the  diazo-compound  and  the  phenol  formed  removed  by  ex- 
tracting the  acid  solution  with  •ether.  The  lepidine  is  recovered  by 
neutralizing,  extracting  and  distilling  as  before.  It  is  then  dissolved  in 
an  equal  weight  of  95%  alcohol,  and  twice  as  much  alcohol  containing  a 
10%  excess  of  sulfuric  acid  is  added.  After  cooling  the  sulfate  is  filtered 
off,  washed  with  cold  alcohol  and  then  ether.  From  the  snow-white 
sulfate  the  lepidine  is  recovered  as  before.  A  yield  of  20  g.  of  lepidine 
boiling  at  262  °  (atmospheric  pressure)  may  be  expected. 

Preparation  of  £-Tolu-lepidine. — When  the  aniline  is  replaced  by 
an  equal  weight  of  p-toluidine,  the  same  procedure  gives  p-tolu-lepidine 
(i.  e.t  4,6-dimethyl-quinoline). 

Preparation  of  £-Ethoxy-lepidine. — When  the  aniline  is  replaced  by 
an  equal  weight  of  ^-phenetidine,  the  same  procedure  gives  ^-ethoxy- 
lepidine  (i.  e.t  4-methyl-6-ethoxy-quinoline).    The  product,  being  solid, 
may  be  recrystallized  from  petroleum  ether.     It  then  melts  at  77  °. 
Calc.  for  CijHuNO:  N,  748.     Found:  (Kjeldahl)  740,  732,  7  33- 

The  base  gave  an  ethiodide  melting  at  1870  (uncorr.). 

The  preparation  of  other  related  bases  will  be  discussed  in  articles 
shortly  to  appear  on  trimethyl-  and  tetramethyl-quinolines. 

Summary. 

Recent  developments  in  the  field  of  photosensitizing  dyes  have  brought 
lepidine  and  related  bases  again  into  prominence. 

A  procedure  is  given  for  the  preparation  of  lepidine,  £-tolu-lepidine  and 
p-ethoxy-lepidine. 

Washington,  D.  C. 
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[Contribution  from  the  On*,  Fat  and  Wax  Laboratory,  Bureau  of  Chemistry, 
Department  of  Agriculture.] 

CANTALOUP  SEED  OIL. 

By  Walter   F.   Baughman,   Dirk  Brauns,   and   George  S.  Jamieson. 

Received  September  14,  1920. 

Considerable  quantities  of  unmarketable  cantaloup  (Cucumis  melo  L.) 
are  allowed  to  remain  on  the  fields.  If  the  melons  are  collected  and 
dumped  into  shallow  pits,  they  soon  decompose  so  completely  that  the 
seeds  can  readily  be  recovered,  by  raking  them  from  the  pits. 

A  large  sample  of  cantaloup  seed  was  received  from  the  Imperial  Valley, 
California.  An  ether  extraction  showed  that  these  seeds  contained  about 
30.4%  of  oil.  The  seeds  were  pressed  by  H.  S.  Bailey,  formerly  in  charge 
of  this  laboratory,  in  an  expeller,  and  the  oil  was  used  for  this  investiga- 
tion, the  results  of  which  are  given  below. 

Physical  and  Chemical  Examination. — The  cold-pressed  virgin  oil  has 
a  pale  yellow  color,  an  odor  resembling  that  of  olive  oil  and  a  pleasant  fruity 
taste.  The  physical  and  chemical  characteristics  are  given  in  Table  I. 
The  iodine  number  indicates  that  it  might  be  a  semi-drying  oil,  but  no 
film  developed  even  after  the  oil  had  been  exposed  to  the  air  on  a  glass 
plate  for  one  week.  The  acetyl  value  indicates  the  presence  of  a  small 
amount  of  hydroxylated  acids.  Glycerides  of  volatile  acids  are  almost 
completely  absent  as  shown  by  the  low  Reichert-Meissl  and  Polenske 
numbers.  Only  0.4%  of  acids  soluble  in  water  was  found.  The  oil  does 
not  easily  become  rancid.  This  sample  had  been  stored  for  2  years  at 
room  temperature  in  a  stoppered-glass  bottle  yet  it  had  acquired  no  rancid 
odor  nor  taste  and  the  acid  value  (mg.  of  potassium  hydroxide  required 
to  neutralize  the  free  acids  in  one  g.  of  oil)  was  only  0.43.  The  saturated 
and  unsaturated  acids  were  determined  by  the  lead-salt  ether  method. 
It  is  well  known  that  it  is  not  possible  to  effect  a  complete  separation  by 
this  procedure.  The  saturated  acid  fraction  always  absorbs  some  iodine 
showing  the  presence  of  unsaturated  acids.  Also  the  unsaturated  acid 
fraction  is  contaminated  with  small  amounts  of  saturated  acids,  but  this 
error  is  much  smaller  than  the  first.  By  refraining  from  excessively  wash- 
ing the  precipitated  lead  salts  of  the  saturated  acids  with  ether  the  error 
caused  by  their  slight  solubility  in  ether  is  reduced.  Of  course,  the  amount 
of  unsaturated  acids  remaining  with  the  saturated  acid  fraction  is  greater. 
However,  the  amount  can  be  calculated  and  the  proper  correction  made 

.  „  iodine  number  of  saturated  acid  fraction       w  A  ,  _ 

as  follows:  X  100  «  A  (per 

iodine  number  of  unsaturated  acid  fraction 

cent,  of  unsaturated  acids  contaminating  the  saturated  acid  fraction). 

The  proper  correction  is  then  obtained  by  means  of  the  formula  (A  X  B)/ioo 

in  which  B  is  the  per  cent,  of  impure  saturated  acids.    This  correction 
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is  subtracted  from  the  per  cent,  of  impure  saturated  acids  and  added  to  the 
per  cent,  of  unsaturated  acids  actually  determined. 

Tabus  I.— Cantaloup  Sbbd  On*. 
Chemical  and  Physical  Characteristics. 

Specific  gravity  25  °/25  ° o  .9210 

Refractive  index  200 1 .4725 

Iodine  number  (Hanus) 125 .9 

Saponification  value 192 .3 

Rekhert-Meissl  number o  .33 

Polenske  number o  .26 

Acetyl  number 15 .8 

Acid  value 0.43 

t  Unsaponifiable  matter,  % 1 . 1 

Soluble  acids  (%  butyric  acid) o  .4 

Insoluble. acids  % 94 .0 

Unsaturated  acids  (determined)  % 79 .2  (Iodine  No.  151 .8) 

Saturated  acids  (determined)  % 15.3  (Iodine  No.    10 .0) 

Unsaturated  acids  (corrected)  % 80 .2 

Saturated  acids  (corrected)  % 14 .3 

Unsaturated  Acids. — The  bromine  addition  derivatives1  of  the  un- 
saturated acids  were  made.  No  hexabromide  was  obtained,  which  indi- 
cates the  absence  of  linolenic  acid.  A  large  quantity  of  linolic  tetrabromide 
was  obtained  melting  at  113-1140.  The  theoretical  iodine  number  of 
linolic  acid  is  18 1.4  while  the  iodine  number  of  the  unsaturated  acid  frac- 
tion is  151.8;  so  oleic  acid  whose  iodine  number  is  90.1  must  also  be 
present.  Using  the  iodine  numbers  to  calculate  the  proportions  of  these 
2  acids  we  get  67.6%  of  linolic  acid  and  32.4%  of  oleic  acid  in  the  un- 
saturated acid  fraction,  or  56.6%  of  the  glyceride  of  linolic  acid  and  27*2% 
of  oleic  acid  glyceride  in  the  original  oil. 

Saturated  Acids. — The  saturated  acids  obtained  by  the  lead  salt 
ether  method  were  esterified  with  methyl  alcohol.  The  mixture  of  methyl 
esters  was  subjected  to  fractional  distillation  under  diminished  pressure. 
The  data  of  this  distillation  are  given  in  Table  II.  As  indicated,  a  pre- 
liminary distillation  resulted  in  5  fractions  designated  by  letters,  and  a 
residue.  Fraction  A  was  redistilled  into  Fractions  1,  2  and  3.  Fractions 
B  and  C  were  combined  and  redistilled,  resulting  in  Fractions  4,  5  and  6. 
Fraction  D  was  not  redistilled  but  £  was  combined  with  the  original 
residue  and  redistilled  into  Fractions  8,  9  and  10 

The  iodine  numbers  and  the  saponification  values  of  the  various  fractions 
are  given  in  Table  III,  Cols.  2  and  3.  From  this  data  it  is  possible  to 
calculate  the  saponification  values  and  mean  molecular  weights  of  the 
saturated  acid  esters  uncontaminated  with  unsaturated  acid  esters  as 
explained  in  previous  papers.2 

1  Lewkowitsch,  "Chemical  Technology  and  Analysis  of  Oils,  Fats  and  Waxes/' 
5th  Ed.,  Vol.  I,  pp.  568-578. 

This  Jouknai*  4*»  152. 1197  (1920). 
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Table  II. — Cantai,oup  Sbbd  Oil. 

Fractional  Distillation  of  Methyl  Esters  of  Saturated  Acids. 

85.5  G.  of  Esters  subjected  to  Distillation. 

Original  Pinal 

fractions.  fractions. 

A 

I 
2 

3 
B 
C 

4 
5 
6 

D  7 


E 
Residue 


Temperature, 

Pressure. 
Mm. 

Weight. 

I 65-I 65. 5 

4.0 

(23.3)- 

165-169 

6.0 

33 

168-173 

5.0 

18.2 

175-176 

5.0 

1.8 

165-167 

4.0 

(238)- 

167 

35 

(  8.4)' 

158-163 

3.0 

39 

164-166 

3-0 

21  .8 

167-175 

3-5 

6-5   . 

167-171 

35 

11 .0 

171-186 

35 

•       (15.2)- 
(3.8)* 

170-183 

3  0 

13  4 

183-195 

30 

30 

195-220 

30 

1 .0 
1.5 

Total... 

8s  .A 

8 
9 
10 
Residue 


•  Not  included  in  total. 

In  Col.  6  are  given  the  mean  molecular  weights  of  the  methyl  esters  of 
the  saturated  acids  in  the  various  fractions.  Inspection  of  these  results 
indicates  the  possible  saturated  acids  that  may  be  present.  The  molecular 
weights  of  Fractions  1  and  4,  262.6  and  266.4  are  between  the  molecular 
weight  of  methyl  myristate  (242.3)  and  methyl  palmitate  (270.3)  and 
suggest,  therefore,  the  presence  of  these  2  acids.  The  molecular  weights 
of  all  the  other  fractions  lie  between  methyl  palmitate  and  methyl  stear- 
ate  (298.4). 

The  following  acids  were  isolated  and  identified  by  recovering  the  free 
acids  from  the  various  fractions  and  subjecting  them  to  fractional  crystal- 
lization from  alcohol  until  constant  melting  points  were  obtained. 

Stearic  acid,  Ci8H3«02,  m.  p.  69  °.     Several  recrystallizations  of  the  free 
acids  recovered  from  Fractions  9  and  10  gave  a  product  which  melted  at 
68-69 °.     An  elementary  analysis  was  made  with  the  following  results:1 
Calc.  for  stearic  acid:  H,  12.76;  Cf  75.98.     Found:  H,  12.50;  C,  76.04. 

Palmitic  acid,  C16H32O2,  m.  p.  62 .6°.  From  Fractions  1  and  2  acids 
were  isolated  having  a  melting  point  of  62-63  °.  Elementary  analysis 
gave  the  following  results : 

Calc.  for  palmitic  acid:  H,  12.58;  C,  74.92.     Found:  H,  12.47;  C,  74.72. 

Myristic  acid,  C14H28O2,  m.  p.  53.8.    The  Fraction  1,  alcoholic  mother- 
liquor  from  the  palmitic  acid  crystallization,  was  diluted  with  a  small 
amount  of  water  and  a  crop  of  crystals  obtained  which,  after  several 
'(Analysis  by  Charles  E.  F.  Gersdorff.) 
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recrystallizations,  melted  at  54  °.    The  fraction  was  not  large  enough  for 
an  elementary  analysis. 

It  is  now  established  that  the  saturated  acids  present  are  myristic, 
palmitic  and  stearic  and  the  proportions  present  in  each  fraction  have 
been  calculated  from  the  molecular  weights  with  the  results  given  in 
Table  III. 

Tablb  III — Cantaloup  Sbbd  On,. 
Results  of  Analyses  of  Fractions  Obtained  by  Distilling  Methyl 
•     Esters  of  Saturated  Acids. 


Frac- 
tions. 


I. 
2. 
3- 
4- 
5. 
6. 
7. 
8. 

9- 
10. 


Iodine 
number. 

6.2 

8.5 
20.8 

6.5 
10.3 
20.8 
20.7 
26.1 
27  3 
31.5 


Saponifi- 
cation 
value. 

212.6 

204.O 

197.2 

209.7 

203.8 

197.2 

196.9 

102.5 
190.9 
189. 1 


Unsaturated  Meanmolec-     Myristic 


acids,      ular 


%. 

4-1 

56 

138 

4-3 

6.8 

138 

13.8 

17.3 

18. 1 

20.9 


weigl 
raof  a 


esters  of  satu-  < 


;ht  of      add. 


Palmitic 
acid. 


O.    rated  adds. 
0.14     262.6 
272.6 
282.9 
266.4 

2741 
282.9 

283.5 
291.O 
2939 
297  5 


249 


1 .02 
0.25 
0.17 
1  .48 
0.90 
1.52 
2.32 

0.54 
0.21 


12 


G. 
0.82 


6  0.50 


1  .32 


%. 

Original 

Glycerides  in 

original  oil. 

%. 

1.8 

0.3 

03 

67.8 

97 

10.2 

30.4 

4-3 

45 

100. 0 

14.3 

15.O 

Table  IV  gives  in  Col.  2  the  percentage  composition  of  the  saturated 
acid  fraction,  in  Col.  3  the  percentages  present  in  the  original  oil,  and  in 
Col.  4  the  percentages  of  glycerides  in  the  original  oil. 
Tablb  IV. — Cantaloup  Sbbd  Oil. 
Composition  of  Saturated  Acids. 

G. 

Myristic 1.32 

Palmitic 48 .50 

Stearic 21 .74 

Total 7156 

Summary. 
A  sample  of  cantaloup  seed  was  found  to  contain  30.4%  oil.    The  chem- 
ical and  physical  characteristics  of  the  oil  were  determined.     A  study  was 
also  made  of  the  chemical  composition,  the  results  of  which  are  given  in 
the  following  table. 

Composition  op  Cantaloup  Sbed  Oil. 

Myristic  acid 0.3 

Palmitic  acid 10.2 

Glycerides  of  {  Stearic  acid 4.5 

Oleic  acid 27.2 

Linolic  acid 56 .6 

Unsaponifiable  matter 1 .1 

999 

Washington,  D.  C. 
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HYPOPHOSPHOROUS  ACID  PREPARATION  OF  ARSPHEN- 
AMINE.      (a^DIAMINO^^-DIHYDROXY-ARSENO. 
BENZENE  DIHYDROCHXORIDE.)1 

By  Waltbr  G.  Christiansen. 
Received  September  16,  192a 

In  the  course  of  our  work  it  was  found  that  the  reduction  of  3-amino-4~ 
hydroxy-phenyl-arsonic  acid  by  hypophosphorous  acid  consistently  gives 
arsphenamine  of  low  toxicity.  The  amino  acid  was  secured  most  readily 
by  reducing  3-mtro-4-hydroxy-phenyl-arsonic  acid  with  sodium  hydro- 
sulfite*  and  then  purified  by  precipitation  from  a  hydrochloric  acid  solu- 
tion with  sodium  acetate.  Instead  of  isolating  the  arsphenamine 
base  after  the  reduction  of  the  amino  acid,  as  done  by  Fargher  and  Pyman, 
the  reduced  solution  was  poured  into  hydrochloric  acid,  thereby  precipi- 
tating the  arsephenamine  as  the  dihydrochloride,  which,  although  diffi- 
cultly soluble  in  cold  water,  conforms  to  the  qualitative  tests  for  arsphen- 
amine outlined  in  the  Public  Health  Reports.1 

It  has  been  found  that  by  oxidizing  toxic  arsphenamine  to  the  3-amino- 
4-hydroxy-phenyl-arsonic  acid  and  then  reducing  this  intermediate  with 
hypophosphorous  acid  arsphenamine  of  low  toxicity  was  obtained. 

Fargher's4  modification  of  Lehmann's  method  was  used  in  the  arsenic 
determinations,  and  the  toxicity  of  the  products  was  determined  by  in- 
travenous injection  into  albino  rats  according  to  the  standard  method 
adopted  by  the  U.  S.  Public  Health  Service. 

The  amino  acid  was  synthesized  by  4  different  methods,  and  the  arsphen- 
amine secured  from  it  was,  in  each  case,  of  low  toxicity. 

Experimental. 

Oxidation  of  Arsphenamine.8 — Thirty-five  g.  of  arsphenamine  is 
dissolved  in  360  cc.  of  water,  40  cc.  of  10  N  sodium  hydroxide  solution  is 
added,  and  then  hydrogen  peroxide  (3%)  slowly.  The  reaction  is  quite 
exothermic,  and  the  solution  becomes  dark  brown.  After  a  while,  a  pre- 
cipitate forms  which  is  redissolved  by  adding  a  little  10  N  sodium  hy- 

1  This  is  the  first  of  a  series  of  studies  on  the  properties  contributing  to  the  tox- 
icity of  arsphenamine  being  made  under  a  grant  from  the  Interdepartmental  Social 
Hygiene  Board  to  the  Harvard  Medical  School;  the  work  is  under  the  general  direc- 
tion of  Dr.  Reid  Hunt,  who  is  also  responsible  for  the  biological  tests  reported  in  this 
paper. 

The  experimental  work  reported  here  was  largely  completed  before  the  publica- 
tion of  the  paper  by  Fargher  and  Pyman,  /.  Chem.  Soc.,  117,  370  (1920). 

*  Fargher,  ibid,,  115,  982  (1919). 

•  Myers  and  Du  Mez,  Public  Health  Reports,  33,  1004  (1918). 
*Loc.cit. 

1  This  method  is  suggested  by  Bhrlich  and  Bertheim,  Ber.,  45,  756  (1912),  but 
details  were  not  given. 
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dioxide  solution.  More  hydrogen  peroxide  is  now  added  until  the  pre- 
cipitate reappears.  This  alternate  addition  of  the  sodium  hydroxide  and 
hydrogen  peroxide  is  continued  until  a  precipitate  no  longer  appears  when 
the  oxidizing  agent  is  added.  The  total  quantity  of  hydrogen  peroxide 
used  is  about  310  cc,  and  14  cc.  of  10  N  sodium  hydroxide  was  added  to 
redissolve  the  precipitates.-  The  solution  is  acidified  with  glacial  acetic 
acid  (39  cc.);  if  a  mineral  acid  is  used  care  must  be  taken  to  reach  the 
point  when  the  solution  is  acid  to  litmus,  but  not  to  congo  red,  as  the  amino- 
hydroxy-arsonic  acid  is  soluble  in  an  excess  of  mineral  acid.  Yields,  60% 
of  brown  solid. 

Purification  of  Crude  3-Amino-4-hydroxy-phenyl-arsonic  Acid. — 
Ten  g.  of  the  crude  acid  is  dissolved  in  100  cc.  of  water  plus  8  cc.  of  hydro- 
chloric acid  (1 .  19),  super-filtchar1  is  added  and  the  solution  agitated  for 
15  minutes  at  room  temperature.  Heating  was  found  to  hinder  the 
decolonization.  After  filtering,  20%  sodium  acetate  solution  (about  90 
cc.)  is  added  to  the  colorless  or  light  yellow  filtrate  until  the  latter  is  no 
longer  acid  to  congo  red.  White  or  slightly  pink,  minute  plates  crystallize, 
and  after  thorough  cooling,  they  are  filtered  off  and  air-dried.  The  yield 
is  78%. 

Subs.,  0.1999:  34.91  cc.  of  0.04889  N  NasSsOi  solution. 

Calc.  for  CtHtOiNAs:  As,  32.17.    Found:  31.99. 

Preparation  of  Arsphenamine. — Twenty-three  g.  of  purified  3-amino- 
4-hydroxy-phenyl-arsonic  acid  is  dissolved  in  736  cc.  of  water  plus  138 
cc.  of  50%  hypophosphorous  acid  plus  1 1 . 5  cc.  of  3%  potassium  iodide 
solution.  The  mixture  is  heated  gradually  to  55  °  and  maintained  at  55- 
6o°  for  90  minutes.  The  deep  yellow  solution  is  cooled  to  io°  and  poured 
with  vigorous  stirring  into  1640  cc.  of  1  :  1  hydrochloric  acid  which  has 
been  previously  cooled  to  2  °.  The  precipitate  is  filtered  and  washed  with 
100  cc.  of  cold  i  :  i  hydrochloric  acid  and  dried  in  thin  layers  in  vacuo 
over  flake  sodium  hydroxide.  Yield,  98.3%  of  light  yellow  powder  of 
high  specific  gravity. 

Subs.,  0.2007:  13.38  cc.  of  0.1280  N  NajSjOj. 

Calc.  for  Ci*HhOsNjC1iAsi.H!0:  As,  32.82.    Calc.  for  2H1O:  As,  31.58.    Found: 
31.99. 

The  product  is  yellow,  dissolves  readily  in  warm  water,  and  its  aqueous 
solution  is  clear  bright  yellow.  With  cold  water  it  forms  a  jelly.  The  ma- 
terial was  found  to  be  free  from  inorganic  arsenic  and  sulfur  and  conformed 
to  the  qualitative  tests  for  arsphenamine. 

Arsenic  Content. — The  average  of  the  analyses  of  25  samples  pre- 
pared by  hydrosulfite  reduction2  and  Kober's8  conversion  of  the  base  into 

1  A  high  grade  of  decolorizing  carbon  prepared  by  the  Industrial  Chemical  Co., 
N.  Y.,  who  kindly  placed  a  supply  at  our  disposal. 

•Ehrlich  and  Bertheim,  he.  cit. 

•  This  Journal,  41,  442  (1919)- 
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dihydrochloride  shows  31 .30%  of  arsenic,  while  the  average  of  the  analy- 
ses of  10  samples  prepared  by  hypophosphorous  acid  reduction  followed  by 
hydrochloric  acid  precipitation  of  the  dihydrochloride  showed  31.00% 
of  arsenic.  Theoretically,  arsphenamine  with  2  molecules  of  water  of  crys- 
tallization should  contain  31 .58%  of  aresnic. 

Toxicity. — The  average  tolerated  dose  of  44  samples  prepared  by 
hydrosulfite  reduction  and  methyl  alcohol-ether1  or  Kober's  method  of 
conversion  of  the  base  into  the  dihydrochloride  is  100  mg./kg.  bodyweight, 
and  the  doses  ranged  from  below  60  to  140  mg./kg.  The  average  tolerated 
dose  of  10  samples  prepared  by  the  method  outlined  above  is  140  mg./kg. 
and  ranged  from  120  to  160  mg./kg. 

Reworking  of  Toxic  Arsphenamine. — Four  samples  of  arsphenamine 
which  would  not  pass  the  present[,U.  S.  P.  H.  S.*  requirements  were  oxi- 
dized to  the  amino-hydroxyphenyl-arsonic^acid  which,  after  purifica- 
tion, was  reduced  to  arsphenamine  with  hypophosphorous  acid  and  pre- 
cipitated by  pouring  into^i  :  1  hydrochloric  acid. 

Tolerated  dose  Tolerated  dose  of 

Ext.  No.  of  original.  arsphenamine  obtained. 

51 Below  100  mg./kg.  150  mg./kg. 

53 Below  80  mg./kg.  140  mg./kg. 

38 Doubtful  at  80  mg./kg.  Above  140  mg./kg. 

42 Below  80  mg./kg.  140  mg./kg. 

In  order  to  try  this  procedure  on  a  little  larger  scale,  Mr.  Lewis  I.  Nuren- 
berg,  chemist  in  charge  of  the  arsphenamine  laboratory  of  the  Massa- 
chusetts Health  Department  prepared  arsphenamine  by  this  method  from 
some  amino-hydroxyphenyl-arsonic  acid  which  was  secured  by  oxidation  of 
an  old  toxic  lot  of  arsphenamine  and  obtained  a  product  which  had  a  to- 
lerated dose  of  130  mg./kg.  Another  batch  gave  a  product  which  had  a 
tolerated  dose  of  130-140  mg./kg. 

Summary. 

1.  A  method  for  the  preparation  of  3,31-diamino-4,41-dihydroxy-arseno- 
benzene  dihydrochloride  directly  from  the  aminohydroxyphenyl-arsonic 
acid  has  been  developed  which,  in  every  case  in  this  laboratory,  has  given 
a  relatively  non-toxic  product  and  which,  when  carried  out  in  another 
laboratory  by  other  manipulators,  gave  equally  good  results. 

2.  By  application  of  this  method  toxic  arsphenamine  has  been  con- 
verted into  relatively  non-toxic  material. 

3.  Although  the  product  obtained  by  this  method  is  less  readily  solu- 
ble in  water  than  that  obtained  by  the  methyl  alcohol-ether  method,  the 
use  of  warm  water  in  dissolving  it  has  not  been  found  to  be  injurious. 

4.  The  isolation  of  arsphenamine  base  and  its  possible  oxidation  during 
manipulation  are  avoided. 

1  Ehrlich  and  Bertheim,  loc.  tit. 
*  U.  S.  Public  Health  Service. 
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5.  Hie  qualitative  tests  and  the  analyses  of  the  product  show  that  it 
is  chemically  the  same  as  that  obtained  by  the  older  method. 

6.  The  source  of  the  amino-hydroxyphenyl-arsonic  acid  does  not  affect 
the  toxicity  of  the  arsphenamine  obtained  from  it. 

The  writer  wishes  to  express  his  thanks  to  Dr.  Reid  Hunt  for  his  interest 
in  the  work,  his  helpful  suggestions  and  his  kindness  in  determining  the 
toxicity  of  the  preparations. 

Boston,  Mass. 


[Contribution  prom  thb  Chemical  Laboratory  op  thb  University  op  California.  ] 

A  BIVALENT  NITROGEN  DERIVATIVE  OF  CARBAZOLE. 

By  Gerald  E.  K.  Branch  and  Julian  F.  Smith. 

Received  September  13,  1920. 

Introduction. 
The  two  series  of  compounds 
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are  of  interest  since  they  vary  by  graduated  steps  from  compounds  closely 
allied  to  the  tetra-aryl  hydrazines  and  hexa-arylethanes  to  purely  aliphatic 
types  which  are  similar  in  form  to  the  quinoid  modifications  such  as 


C,H6< 
CO**< 


,C  =  CN 


<CeH6 
CH. 


>C  =  C<  >CH  —  CH  C 

Substances  of  Type  I  p.  2406  have  been  prepared  and  appear  co  show  some 
evidence  of  dissociation,  but  to  a  less  extent  than  the  corresponding  hexa- 
aryl  ethanes.  They  do  not  give  colored  solutions  and  no  dissociation  has 
been  shown  by  molecular  weight  determinations,  but,  on  the  other  hand, 
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CcO    CoO 

IXVHi  I     X^H. 

0^0    (X 


(i).  (ii).  an), 

they  absorb  oxygen  to  form  peroxides.1  Thus  it  would  appear  from  the 
evidence  at  present  in  our  possession  that  the  change  from  a  compound 
of  the  type  of  hexaphenyl  ethane  to  one  of  Type  II  is  associated  with 
a  decrease  in  dissociation. 

Only  one  compound  of  Type  III  is  known,  namely  IV.  This  is  a  col- 
ored substance  which  readily  absorbs  oxygen,  the  description  of  which 
is  very  similar  to  that  of  hexaphenyl  ethane.  The  molecular  weight, 
however,  was  not  determined.2 
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II 
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\/ 


(V). 


(VI). 


None  of  the  corresponding  nitrogen  compounds  is  known,  with  the  pos- 
sible exception  of  a  substance  obtained  by  Bizzari  by  the  reduction  of 
the  compound  V  which  he  believed  to  be  the  compound  VI.  He 
gives  little  evidence  in  favor  of  this  view,  neither  a  combustion  nor  a 
molecular-weight  determination.  He  based  his  belief  chiefly  on  the 
amount  of  silver  solution  which  it  could  reduce,  assuming  that  this  would 
give  the  amount  of  reduction  which  the  mother  substance  had  undergone. 
But  his  figures  show  too  large  a  variation  to  be  very  convincing.  Thus 
he  obtained  in  2  experiments  2.45  and  1.72  equivalents  of  silver  for  a  cal- 
culated value  of  2.  He  describes  the  substance  as  giving  a  yellow  solu- 
tion and  being  unstable  to  the  action  of  mineral  adds.8 

1  Gomberg  and  Cone,  Ber.,  37,  3546  (1904);  Schmidlin  and  Garcia-Benus,  ibid,, 
45,  1344  (1912) ;  HzTzensteiri,  Dissertation  Zurich  191 1. 
*  Kohler,  Am.  Chem.  /.,  40,  317-333  (1908). 
a  Bizzari,  Gau.  chim.  ital.,  20,  407*17  (1890). 
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Wieland  and  his  co-workers  describe  3  unsuccessful  attempts  to  pre- 
pare a  compound  of  the  structure  VII.    First  by  the  oxidation  of  carbazole 


>N  —  N  =  N—  N< 


(VII).  (VIII).  (DC). 

with  lead  dioxide,1  second  by  the  expulsion  of  nitrogen  from  a  substance 
corresponding  to  VIII  and  third  by  boiling  AT-nitroso-carbazole  in  xylene 
which  gave  a  mixture  of  carbazole  and  3-nitro-carbazole.1 

A  Di-bi-phenylene  Hydrazine. 
By  oxidizing  carbazole  with  silver  oxide  we  obtained  2  substances,  one 
soluble,  the  other  insoluble  in  ether.  The  former  we  have  not  as  yet 
investigated  any  further,  but  the  latter  appears  to  be  a  poly-carbazyl 
derivative  of  the  substance  IX  which  dissociated  to  a  great  extent  in 
solution. 

This  substance  is  an  almost  white  powder,  but  gives  red-brown  solutions 
with  blue  fluorescence.  It  melts  at  283-287 °,  with  decomposition;  stem 
corrected  292-296.  It  is  very  soluble  in  benzene  or  any  benzene  deriva- 
tive, in  chloroform,  bromoform,  ethylene  bromide,  carbon  disulfide,  thio- 
phene  and  pyridine;  slightly  soluble  in  carbon  tetrachloride  and  ethyl 
acetate,  and  insoluble  in  ligroin,  ether,  alcohol,  acetic  acid  and  water. 
On  evaporation  of  a  solution  it  leaves  a  brown  vitreous  mass  from  which 
the  unchanged  substance  may  be  obtained  as  a  white  powder  on  treat- 
ment with  alcohol.  The  vitreous  mass  above  described  retains  the  solvent, 
for  if  chloroform  be  used  it  gives  a  strong  test  for  halogen  even  after 
standing  in  the  air  for  2  weeks.  This  strong  affinity  for  the  solvent  is 
also  indicated  by  its  high  solubility  (more  than  50  g.  in  100  g.  of  benzene) 
in  spite  of  its  high  melting  point.4  The  color  is  approximately  the  same 
in  all  solvents,  but  the  fluorescence  varies  considerably.  Thus  in  carbon 
tetrachloride  a  saturated  solution,  though  markedly  colored,  shows  no 
fluorescence,  although  as  judged  by  color  it  is  noticeable  in  even  more 
dilute  solutions  in  benzene  or  ethyl  acetate.  The  fluorescence  of  a  nitro- 
benzene solution  is  green  instead  of  blue. 

Found:  Cf  86.0;  H,  4.44;  N,  8.22;  Ag,  1.4. 

Pound  (corrected  for  Ag  as  impurity):  C,  87.2;  H,  4.50;  N,  8.33. 

1  Fussel,  Dissertation,  Univ.  Muenchen,  191 2. 

*  Wieland  and  Gambarjan,  Bet.,  39,  1506  (1906). 

1  Lecher,  Dissertation,  Univ.  Muenchen,  19.13. 

1  Hildebrand,  This  Journal,  38,  1452-73  (1916). 
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The  molecular  weight  in  benzene  varies  directly  with  the  concentration 
as  shown  in  Table  I. 

Table  I. 

Kin 

mols./lOOO  g. 

of  solvent. 

75  X  io-» 

12.9  X  io~* 

134  X  io~» 

1 1. 3  X  io_» 

The  substance  adds  nitric  oxide  to  give  a  yellow  crystalline  substance 
melting  above  2700.  It  does  not  give  a  precipitate  with  oxygen  in  a 
benzene  solution,  nor  does  it  decolorize  iodine.  In  benzene  solution  it 
reacts  violently  with  bromine  giving  off  some  hydrogen  bromide;  and 
forms  a  slight  precipitate,  but  the  major  portion  goes  to  a  benzene  soluble 
bromine  compound  with  a  very  high  melting  point.  In  benzene  solution 
with  hydrochloric  acid  it  gives  a  slightly  yellow  precipitate,  soluble  in 
pyridine,  which  contains  no  chlorine.  In  cone,  sulfuric  acid  it  dissolves 
with  a  brilliant  green  color,  and  a  green  sulfate  is  obtained  on  dilution. 
The  base  from  this  sulfate  is  not,  however,  the  original  substance,  but  is 
similar  to  the  substance  obtained  by  treating  it  with  hydrochloric  acid, 
being  of  a  high  melting  point,  insoluble  in  benzene,  and  soluble  in  pyridine. 
Carbazole  forms  similar  sulfates  when  oxidized  in  sulfuric  acid  solution 
which  give  bases  which  are  insoluble  in  benzene,  but  soluble  or  insoluble 
in  pyridine  according  to  the  methods* of  oxidation. 

Discussion  of  the  Constitution. 

The  method  of  preparation  and  the  analysis  show  that  the  substance 
is  made  up  of  carbazole  nuclei  linked  together  by  the  removal  of  hydrogens. 

The  way  the  molecular  weight  varies  with  dilution  shows  that  the  sub- 
stance dissociates  in  solution,  for,  as  has  been  mentioned  already,  the  sub- 
stance has  a  strong  affinity  for  the  solvent.  This  would  necessitate  that 
variations  from  the  law  of  dilute  solutions  would  be  in  the  sense  of  pro- 
ducing a  greater  lowering  of  fugacity  of  the  benzene  than  would  be  ex- 
pected from  Raoult's  law.  This  would  mean  that  the  molecular  weight 
would  appear  too  low.  But  such  an  effect  must  be  more  marked  in  the 
concentrated  than  in  the  dilute  solutions  and  would,  therefore,  produce  a 
lower  molecular  weight  in  the  former  than  in  the  latter,  which  is  just  the 
opposite  from  what  was  observed.  Error  would  also  be  introduced  into 
the  molecular  weight  determination  if  both  solvent  and  solute  crystallized 
out  as  a  solid  solution.  This  point  was  tested  by  freezing  out  some  of 
the  benzene  from  the  solution,  filtering  it  off,  and  washing  rapidly  with  a 
little  cold  benzene  and  then  re-melting.  By  comparing  the  color  of  this 
solution  with  the  mother  liquor  it  was  apparent  that  the  former  must 
be  less  than  one  hundredth  as  concentrated  as  the  latter.1  We  thus  see 
1  The  solution  obtained  by  melting  the  crystallized  benzene  was  colorless  but  had 
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that  the  molecular  weight  determinations  are  not  appreciably  in  error 
from  the  formation  of  a  solid  solution. 

The  error  introduced  into  the  molecular  weight  determinations  by  the 
presence  of  the  silver  depends  upon  the  form  in  which  it  appears.  The 
most  probable  assumption  is  that  it  is  present  as  colloidal  silver,  in  which 
case  a  deduction  of  1.4%  from  the  observed  will  give  the  corrected  values. 
In  this  case  the  substance  can  contain  only  4  or  5  carbazole  nuclei.1 

If  the  substance  contains  4  carbazole  nuclei,  the  possibilities  which  we 
have  to  consider  fall  into  the  following  6  types:  (1),  a  double  molecule 
of  the  simple  hydrazine,  CwHsNNC^Hg;  (2),  a  double  molecule  of  the 
corresponding  benzidine  or  semidine,  HNCwHj.CuHgNH;  (3)  a  double 
molecule  in  which  2  carbazole  nuclei  are  linked  in  2  places  such  as  the 
substance  X;  (4)  a  dicarbazyl  hydrazine  CiaHgNC^  H7N.NO2H7NC12H8; 
(5)  the  corresponding  benzidine  or  semidine;  (6)  the  dicarbazyl  derivative 
of  single  molecules  of  Type  3,  C48H25N4. 

(X).  (XI).  (XII). 

Types  1  and  2  should  give  hydrogen  =  4.82%.  Types  3  and  6  hydro- 
gen =  4.28%;  and  4  and  5,  hydrogen  =  4.56%.  The  value  found  was 
4-5%*  This  alone  is  almost  sufficient  to  show  that  the  substance  does  not 
belong  to  Types  1,  2,  3  or  6. 

The  addition  of  nitric  oxide  is  characteristic  of  dissociating  hydrazines, 
and  likewise  the  instability  to  acids  is  a  property  common  to  all  hydrazines, 
whereas  they  are  not  the  reactions  we  should  expect  from  Types  2,  3, 
5  and  6. 

If  the  substance  is  the  hydrazine  CuHsN.NCuHg,  and  reacted  with 
nitric  oxide  it  would  give  AT-nitroso-carbazole,  3-nitroso-carbazole,  or 
3-nitro-carbazole.2  The  substance  actually  formed  melted  too  high  to 
be  any  of  these. 

a  slight  fluorescence.  The  mother  liquor  on  diluting  120  times  was  still  perceptibly 
colored  and  more  markedly  fluorescent.  The  trace  of  solute  in  the  benzene  crystals 
is  due  more  probably  to  incomplete  washing  than  to  the  formation  of  a  solid  solution. 

1  The  assumption  made  here  is  that  the  dissociation  is  only  into  2  molecules. 

1  As  has  been  mentioned  above,  iV-nitroso-carbazole  when  boiled  in  xylene  will 
give  3-nitrQ-carbazole. 
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There  is  no  reason  to  believe  that  compounds  of  Types  5  or  6  would  dis- 
sociate, nor  that  those  of  Types  1, 2  or  3  would  associate  in  dilute  solution.1 

Similarly,  if  the  compound  contains  5  carbazole  nuclei  only  a  hydrazine 
formula  could  explain  the  properties.  The  analysis  agrees  just  as  well 
with  a  tricarbazyl  dibiphenylene  hydrazine  as  with  the  dicarbazyl  deriv- 
ative, although  the  equilibrium  constant  of  dissociation  varies  less  if  cal- 
culated on  the  assumption  that  it  is  the  latter.  However,  the  experi- 
mental error  is  too  great  to  allow  us  to  reject  the  possibility  of  the  former, 
as  it  is  obvious  that  the  error  made  in  the  determination  of  the  molecular 
weight  will  be  greatly  exaggerated  when  the  results  are  calculated  as 
equilibrium  constants. 

If  the  silver  is  present  as  a  benzene  soluble  salt  the  effect  on  the  molecular 
weight  determination  is  greater  the  smaller  the  equivalent  weight  of  the 
acid  radical,  and  assuming  this  equivalent  weight  to  be  zero  it  can  only 
give  a  range  to  the  molecular  weights  from  490  to  575,  and  although  this 
brings  a  compound  of  6  carbazole  nuclei  within  the  range  of  the  molecular 
weight,  the  substance  cannot  be  completely  dissociated  at  the  lowest  con- 
centration and  at  the  same  time  exist  to  so  appreciable  an  extent  at  the 
higher  concentrations.  If,  on  the  other  hand,  we  assume  that  the  silver 
exists  as  a  colloidal  salt  of  silver,  the  error  introduced  into  the  molecular 
weight  determinations  is  greater  the  higher  the  equivalent  weight  of  the 
acid,  but  unless  we  make  preposterous  assumptions  concerning  the  mol- 
ecular weight  of  this  imaginary  acid  we  cannot  do  more  than  bring  a 
substance  containing  3  carbazole  nuclei  within  the  range  of  determined 
molecular  weights,  and  we  should  have  to  assume  that  the  substance  is 
practically  undissociated  at  the  highest  concentrations  but  very  markedly 
at  the  lower.  It  would  thus  appear  that  the  substance  is  almost  certainly 
a  dicarbazyl  or  a  tricarbazyl  derivative  of  the  substance  XI. 

Observations. 
There  are  2  points  of  interest  in  this  work,  the  anomalous  reaction 
which  has  taken  place  and  the  high  dissociation  of  the  compound  obtained. 
The  reaction  consists  of  an  alternate  oxidation  and  an  isomerization  sim- 
ilar to  that  of  the  benzidine  conversion,  but  at  present  we  have  no  evidence 
as  to  whether  it  is  a  benzidine  or  semidine  shift  nor  whether  it  is  ortho 
or  para,  though  presumably  the  latter.  Such  a  process  might  be  repeated 
almost  indefinitely  and  give  a  class  of  compounds  almost  as  complicated 
as  the  proteins.  It  is  probable,  that  oxidation  of  carbazole  in  acid  solu- 
tion would  give  a  similar  set  of  reactions,  only  in  that  case  isomerization 
would  take  place  much  more  readily,  and  the  products  obtained  would 
be  expected  to  be  benzidines  rather  than  hydrazines.    This  corresponds 

1 A  possible  exception  to  this  may  be  the  high  molecular  weights  obtained  for 
(C«H6)|As.As(C«H6)j  by  Porter  and  Borgstrom,  This  Journal,  41,  2048-51  (1919). 
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with  the  work  on  the  oxidation  of  ditolylamine  in  cone,  sulfuric  acid  by 
Kehrmann  and  Micewicz.1 

The  fact  that  this  compound  is  one  of  the  most  highly  associated  hydra- 
zines known2  is  of  exceptional  interest  because  by  analogy  with  the  ortho 
linked  hexaphenyl  ethane,  such  as  the  compound  XII,  we  should  have 
expected  very  little  dissociation. 

We  have  no  explanation  to  offer,  but  we  do  not  think  that  the  high 
dissociation  of  the  compound  can  be  explained  entirely  by  the  complicated 
nature  of  the  compound,  but  believe  that  it  indicates  a  real'difference  in 
the  play  of  forces  within  the  pyrrol  nucleus  from  those  within  the  nucleus 
of  cydo-pentadiene. 

Experimental. 

A  mixture  of  36.3  g.  of  silver  oxide  and  26.4  g.  of  carbazole  was  shaken 
up  with  600  cc.  of  dry  benzene,  a  little  pyridine  was  added,  and  the  mix- 
ture was  boiled  for  2  days  under  a  reflux  condenser  protected  from  the  air. 
The  product  was  nearly  a  quantitative  yield  of  the  2  substances  described 
in  the  preceding  pages.  The  purification  was  effected  by  filtering  off  the 
silver  and  silver  oxide,  evaporating  the  benzene  off  in  vacuo,  triturating 
the  gummy  residue  with  alcohol  till  it  became  granular,  filtering  and 
washing  with  alcohol,  and  drying.  The  2  compounds  were  then  separated 
by  extracting  with  ether  for  several  hours  in  a  Soxhlet  extractor. 

An  oxidation  with  ether  as  solvent  was  carried  out  under  similar  con- 
ditions, using  3.97  g.  of  silver  oxide  and  2.88  g.  of  carbazole  in  100  cc. 
of  dry  ether.  A  few  drops  of  pyridine  were  added  as  a  catalyst.  In  the 
product  the  ether-soluble  compound  predominated. 

Analysis. — The  compound  was  analyzed  by  the  combustion  methods 
for  carbon,  hydrogen  and  nitrogen.  The  substance  was  mixed  with  finely 
powdered  cupric  oxide. 

Subs..  (I)  0.2673.  (II)  0.2644,  (III)  0.5634:  CO,  (I)  0.8442,  (II)  0.8325;  HiO 
(I)  0.1045,  (II)  0.1063,  (III)  0.2243. 

Subs.,  0.3482,  0.3596:  dry  N,  24.1  cc.  (io°  and  749.3  mm.),  25.7  cc.  (19°  and 
747  mm.). 

Subs.,  0.34:  AgCl,  0.0063. 

Calc.  for  C«HjoN4withi.4%  of  silver:  C,  85.75  J  H,  4.50;  N,  8.34;  Ag,  i-4<>-  Found: 
C,  86.15,  85.89;  H,  4.37,  449,  445;  N,  8.23,  8.21;  Ag,  1.4. 

Molecular  Weight  Determination. — Barrett's  pure  benzene,  further  pur- 
ified by  recrystallization,  was  used  as  a  solvent.    The  amount  was  26.31 

1  Kehrmann  and  Micewicz,  Ber.,  45,  2641-53  (19 12). 

*  The  most  highly  dissociated  hydrazine  which  the  authors  found  described  in  the 

titerature  is  |(CH,)2N<^\Ln— N<<^  ^>N(CHa),L  which  is  21%  dissociated 

in  nitrobenzene  solution  at  concentrations  between  1  X  10  ~*  and  1.5  X  io~*  total  mols 
per  1000  g.  of  solvent.    Wieland,  ibid.,  48,  1078-95  (19 15). 
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g.    The  weights  of  samples  added  were:  I,  0.1192  g.;  II,  0.4748  g.;  Ill, 

0.9828.    The  readings  were: 

Pure  benzene 5.260      5.260      5.258      5. 254      5 .257  mean  5.258 

Sample  1 5213      5205      5. 210      5 .215      5. 210  mean  5.210 

Sample  II 5075      5078      5079      5078         ...  mean  5.078 

Sample  III 4 .909      4 .905      4 .907         ...  ...  mean  4 .907 

Molecular  weight  calculated  from  I  =  472,  from  II  =  501,  from  III  = 
544.5.  The  constantjor  benzene  has  been  taken  as  50  °  per  mol  of  solute 
per  100  g.  of  solvent. 

Chemical  Reactions. 

Nitric  Oxide. — A  mixture  of  pure  dry  nitric  oxide  and  carbon  dioxide 
was  passed  through  a  solution  of  0.8  g.  of  the  substance  in  10  cc.  of  boiling 
benzene  for  one  hour.  A  yellow  crystalline  precipitate  was  formed,  sol- 
uble in  pyridine,  and  melting  above  2700. 

Hydrogen  Chloride. — A  current  of  dry  hydrogen  chloride  was  passed 
through  a  dilute  solution  of  the  substance  in  benzene  for  2  hours  at  room 
temperature.  A  yellowish  precipitate  was  formed  which  was  soluble  in 
pyridine,  and  which  had  a  high  melting  point.  It  contained  no  chlorine. 
The  filtrate  yielded  more  of  the  precipitate  on  standing. 

Sulfuric  Acid. — Treated  with  cold  cone,  sulfuric  acid,  the  substance 
gives  a  deep  green  solution,  and  on  dilution  with  water  a  green  precipitate 
which,  when  shaken  with  alkali,  gives  a  discolored  powder,  insoluble  in 
benzene  but  soluble  in  pyridine. 

Oxygen. — A  current  of  pure  dry  oxygen  was  passed  through  a  solu- 
tion of  0.3  g.  of  substance  in  10  cc.  of,  xylene  at  room  temperature  for  7 
hours.  Traces  of  a  precipitate  formed  within  the  first  hour,  which  appar- 
ently did  not  increase  after  that  time. 

Iodine. — A  solution  of  the  substance  in  benzene  was  mixed  with  a 
solution  of  iodine  in  benzene.  The  solutions  were  not  decolorized,  and 
only  a  slight  trace  of  precipitate  was  formed. 

Bromine. — On  treatment  of  a  benzene  solution  of  the  substance  with 
bromine  a  vigorous  reaction  takes  place,  and  some  hydrogen  bromide  was 
liberated.  There  was  some  precipitation,  similar  to  that  obtained  with 
hydrogen  chloride,  but  the  major  portion  forms  a  brown  solution,  and  on 
evaporating  off  the  benzene  a  brown  residue  is  left,  which,  on  heating, 
gives  a  white  powder,  giving  a  strong  flame  test  for  halogens.  It  chars 
before  melting,  and  dissolves  in  benzene  with  a  yellow-brown  color  some- 
what less  intense  than  the  original  substance,  and  gives  no  fluorescence. 

Colorimetric  Measurements. 

The  colors  of  many  free  radicals  of  the  trivalent  carbon  series  have  been 
found  to  deviate  from  Beer's  law,  owing  to  the  dimolecular  species  being 
colorless.    This  proof  pf  dissociation  has  not  so  far  been  demonstrated  in 
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the  case  of  the  divalent  nitrogen  compounds.  In  this  case  it  was  found 
impossible  to  match,  both  for  hue  and  depth,  the  color  of  the  solutions  of 
different  concentrations.  However,  by  three  observers  taking  several 
readings  and  averaging  all  the  results,  it  was  found  that  the  color  was 
approximately  proportional  to  the  concentration.  If  this  is  not  due  to 
experimental  error,  it  indicates  either  that  both  the  dissociated  and  the 
undissociated  forms  are  colored,  or  that  the  color  is  largely  due  to  impurity. 
The  results  are  given  in  Table  II,  in  which  the  sixth  column  gives  the 
relative  values  calculated  from  the  assumption  that  only  the  dissociated 
form  is  colored,  and  the  dissociation  constant  is  1.1  X  io""8  mols/1000 
g.  of  solvent,  as  given  by  the  cryoscopic  method. 

Table  II. 


Cone,  in  mols. 
of  C4iHMN« 
per  1000  g. 

No.  of 
readings. 

Range  of 
readings. 

Average. 

Calc  by 
Beer's  law. 

Calc.  assuming 
only  dissociated 
molecules  colored, 

3.62  X  IO"1 

35 

37-41 

39.1 

40.2 

61.5 

2.17  X  IO-1 

21 

62-70 

66.8 

67.2 

82.6 

I  .30  X  IO"1 

33 

IO7-H6 

112. 0 

112. 0 

112 

7.82  X  10-* 

9 

170-181 

Summi 

176.8 

187.O 

155 

• 

A  substance  was  obtained  by  oxidizing  carbazole  with  silver  oxide  which 
from  analysis,  molecular  weight  determinations,  and  chemical  reactions 
appeared  to  be  either  a  dicarbazyl  or  tricarbazyl  derivative  of  the  sub- 


stance  | 


By  the  cryoscopic  method  it  was  shown  that  the  substance  is  very 
highly  dissociated  into  odd  molecules,  in  which  the  nitrogen  is  probably 
divalent. 

No  verification  of  this  was  obtained  by  the  colorimetric  method. 

It  is  a  pleasant  duty  to  make  grateful  acknowledgment  to  H.  E.  Hud- 
son Branch  for  assistance  in  the  study  of  the  compound  described  in  these 
pages.  Much  of  the  application  of  physical  methods  was  carried  out 
with  her  help. 

Thanks  are  also  due  to  Dr.  C.  G.  Derick  and  Dr.  R.  W.  Hess  of  the 
Research  Laboratory  of  the  National  Aniline  and  Chemical  Company  in 
Buffalo,  New  York,  for  helpful  suggestions  and  material  aid  in  the  prose- 
cution of  the  work.  Through  their  courtesy,  a  liberal  supply  of  pure 
carbazole  was  obtained  from  the  Research  Laboratory  of  the  Company. 

B9KUISY,  Calif. 
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Laboratory  Manual  of  Colloid  Chemistry.     By  Emu  Hatschbk.    135  pages.    P. 
Blakiston's  Son  and  Co.,  Philadelphia,  1920.     Price,  $2.00. 

This  is  the  first  manual  of  its  kind  on  the  market  and  will  be  found  very 
helpful  to  teachers  of  colloid  chemistry.  Instruction  in  this  subject  has 
been  held  back  for  lack  of  any  sort  cf  a  laboratory  manual  although  texts 
are  reasonably  numerous. 

There  is  much  merit  in  the  book  as  was  to  be  expected  coming  from  the 
pen  of  such  an  authority  as  Emil  Hatschek.  Yet  a  more  generous  use  of 
references  to  the  literature  would  have  improved  it.  Soaps  deserve  fuller 
treatment,  and  peptization  is  distinctly  slighted.  Nor  do  we  find  more 
than  passing  reference  to  that  important  group,  the  hydrated  oxides  of 
iron,  aluminum  and  chromium.  The  chapter  on  dialysis  is  good  although 
it  might  well  include  some  mention  of  Neidle's  hot  dialysis. 

The  chapter  on  emulsions  is  far  too  brief,  considering  their  great  im- 
portance. It  contains  no  discussion  of  the  difference  between  sodium  and 
calcium  soaps,  for  example,  as  emulsifiers  and  ignores  the  water-in-oil 
type  of  emissions.  It  would  be  well  to  have  in  this  chapter  some  clear 
experiments  illustrating  the  different  theories  of  emulsification.  The 
chapter  on  viscosity  is  good. 

Much  material  is  given  on  Liesegang's  rings  but  too  little  importance  is 
attached  to  the  use  of  silicic  acid  gels  as  a  medium  for  their  formation. 
The  most  remarkable  banding  is  to  be  secured  by  the  use  of  these  gels  if 
directions  in  the  recent  literature  are  followed. 

The  book  is  too  strictly  a  laboratory  manual.  In  the  present  pioneer 
stage  of  laboratory  instruction  in  colloid  chemistry  a  moderate  amount  of 
comment  would  greatly  increase  the  effectiveness  of  the  work. 

The  first  book  of  its  kind  must  necessarily  be  subject  to  improvement  but 
the  author  is  to  be  congratulated  on  a  very  useful  contribution. 

Harry  N.  Holmes. 

Standards  and  Tests  for  Reagent  Chemicals.    By  Benjamin  L.  Murray.    D.  Van 
Nostrand  Co.,  New  York,  1920.    x  -f  385  pp.     15  X  23  cm.    $2.00  net. 

In  the  words  of  the  author  "certain  desired  degrees  of  purity  in  our 
laboratory  chemicals  must  be  insured.  Recognizing  the  above  condition, 
this  text  has  been  prepared."  Although  the  text  follows  very  closely 
along  the  lines  of  other  well-known  texts  dealing  with  the  same  subjects, 
the  author  has  seen  fit  to  make  no  acknowledgments  whatever. 

The  arbitrary  changing,  in  this  book,  of  the  limits  of  allowable  im- 
purities published  elsewhere  (such  as  0.25%  salts  of  the  alkalies,  earths, 
etc.,  in  copper  sulfate  as  against  0.033%  m  Merck's  "Chemical  Reagents," 
and  0.0343%  sulfates  and  0.025  chloride  in  sodium  hydroxide,  pure,  as 
against  <o.o25%  and  <o.oo5%  respectively  in  Merck)  emphasizes  the 
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fact  that  the  "Standards"  are  standards  chosen  by  the  author  and  that 
therefore  a  more  appropriate  title  would  be  "Proposed  Standards." 

The  tests  are,  for  the  most  part,  tests  already  given  in  Krauch  (authorized 
translation  of  the  third  edition,  Van  Nostrand  Co.,  1902),  Krauch-Merck 
(authorized  translation  of  first  edition,  Van  Nostrand  Co.,  1907),  and 
Merck  (authorized  translation  of  a  second  edition,  Merck  and  Co.,  1914). 
The  reviewer  regrets  that  the  author  has  omitted  practically  all  of  the 
helpful  notes  and  references  to  original  papers  dealing  with  reagents  and 
tests,  which  were  given  by  Krauch  and,  to  a  lesser  extent,  by  Merck. 

The  author  has  substituted  the  term  "mil"  for  "cc."  throughout  the 
text,  which  is  a  step  in  the  right  direction,  the  final  step  being  the  adoption 
of  the  correct  designation  "ml." 

In  the  absence  of  any  chemists'  standard  such  as  the  pharmacists  have 
in  their  Pharmacopeia,  this  book  can  well  be  recommended  as  a  reference 
text  on  proposed  standards  and  tests  for  reagent  chemicals.. 

G.  E.  F.  Lundbix. 

Introduction  to  General  Chemistry.  Second  Edition,  first  impression.  By  Herbert 
N.  McCoy  and  Ethbl  M.  Terry.  McGraw-Hill  Book  Co.,  Inc.,  New  York 
and  London.  1920.     x  +  648  pp,  128  figures.     15.5  X  23.5  cm.     Price,  $3.00. 

The  book  has  been  written  for  college  freshmen,  and  has  been  in  process 
of  growth  at  the  University  of  Chicago  since  191 3.  The  choice  and 
arrangement  of  topics  vary  from  the  familiar  order,  beginning  with  a 
chapter  upon  the  gas  laws,  followed  by  5  chapters  introducing  the  funda- 
mental concepts  of  the  indestructibility  of  matter,  pure  substances, 
elements,  analysis,  percentage  composition,  the  law  of  definite  propor- 
tions and  the  derivation  of  formulas;  vapor  densities  are  developed  by 
methods  independent  of  the  atomic-molecular  hypothesis.  Chapters 
VII  to  X  include  descriptive  matter  upon  the  common  acids,  bases  and 
salts,  water  and  solutions,  introduced  chiefly  "to  supply  the  indispensable 
data  needed  later  for  the  understanding  of  the  ionic  hypothesis."  Chap- 
ters X  and  XI  present  the  kinetic-molecular  hypothesis  and  the  atomic 
hypothesis,  followed  by  a  chapter  upon  the  halogens  and  one  upon  chemical 
equilibrium.  Hydrogen  and  oxygen  are  treated  in  Chapter  XIV,  followed 
by  a  discussion  of  oxidation  and  reduction.  The  next  5  chapters  cover 
the  topics  of  heat  and  energy,  the  ionic  hypothesis  and  its  applications, 
and  electrochemistry.  Several  descriptive  chapters  are  then  given  to 
nitrogen,  phosphorus,  sulfur  and  their  compounds,  after  which  are  2 
chapters  given  to  an  elementary  presentation  of  organic  chemistry.  The 
concluding  7  chapters  are  upon  special  topics, — the  theory  of  dilute  solu- 
tions, disperse  systems,  the  atmosphere,  some  additional  elements  and 
their  compounds,  the  classification  of  the  elements,  radioactivity  and 
metallurgy. 

The  text  is  written  in  a  style  that  is  colloquial  and  straightforward. 
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Typographical  errors  are  very  few,  and  complicated  or  obscure  state- 
ments are  almost  wholly  missing.  There  are  frequent  references  to  the 
history  of  the  science,  and  likewise  to  chemical  warfare  and  war  industries. 

The  text  makes  a  strong  appeal  to  college  teachers  by  its  unusually 
complete  and  well-written  treatment  of  the  laws  and  theories  of  chem- 
istry,— what  are  generally  comprehended  in  the  title  physical  chemistry. 
Some  of  the  chapters  on  these  topics  deserve  especial  praise.  The  chapter 
on  electrochemistry  is  written  from  the  standpoint  of  the  electron  theory, 
and  presents  the  subject  with  a  degree  of  clearness  and  completeness 
which  the  reviewer  has  not  met  with  in  other  first  texts  in  chemistry. 
The  electron  theory  is  not  only  stated  and  explained,  but  is  put  into  a  form 
in  which  it  can  be  used  and  is  used  throughout  the  remaining  body  of  the 
text.  The  chapter  on  radioactivity  is  also  of  a  superior  character,  and  is 
carried  through  to  a  clear  presentation  of  X-ray  spectra,  atomic  numbers, 
and  the  structure  of  matter.  The  chapter  on  disperse  systems  is  of  the 
highest  order  of  interest,  and  complete  to  a  degree  not  usual  in  common 
texts.  It  is  a  well-informed  college  teacher  who  will  not  find  his  informa- 
tion increased  and  his  horizon  broadened  by  reading  the  chapters  on 
theory  and  on  special  topics  which  McCoy  and  Terry  have  written,  and 
the  material  is  so  clearly  given  as  to  be  within  the  intellectual  grasp  of 
college  freshmen  at  all  times.  The  chapters  are  not  burdened  with  math- 
ematics, but  on  the  other  hand  contain  lucid  explanations  of  physical 
principles  which  are  needed  in  their  elaboration. 

Of  the  descriptive  chapters,  that  upon  nitrogen  and  its  compounds  is 
exceedingly  well  done,  and  the  chapters  on  organic  chemistry  are  fuller 
than  is  usual.  There  are  also  good  chapters  upon  the  halogens,  phos- 
phorus and  sulfur,  giving  all  the  information  usually  put  before  freshmen 
under  those  headings.  With  the  forcing  of  the  metals  and  their  com- 
pounds into  the  background,  however,  the  reviewer  is  not  in  sympathy. 
Where,  if  not  in  the  freshmen  course,  is  the  student  to  acquire  the  ex- 
tensive knowledge  of  properties  of  materials  which  every  good  chemist 
must  have?  And  what  of  the  student  whose  chemistry  stops  with  this 
course?  Though  it  must  be  conceded  that  any  college  first  text  in  chem- 
istry is  a  compromise  between  being  all  principles  and  all  description, 
yet  the  point  at  which  the  ratio  is  put  is  of  supreme  importance.  It  is 
to  be  wished,  therefore,  that  McCoy  and  Terry's  chemistry  might  have  a 
systematic  treatment  of  the  alkali  metals,  of  the  alkaline  earths,  and  of  the 
various  groups  of  heavy  metals,  concerning  all  of  which  the  information 
in  the  present  book  is  scattered  and  not  extensive.  As  examples,  the 
manufacture,  properties  and  manifold  uses  of  sodium  carbonate  and 
bicarbonate  might  well  have  more  than  the  few  lines  accorded  them;  and 
it  is  hardly  true  that  "silver  is  so  familiar  a  metal  that  we  need  not  de- 


Digitized  by 


Google 


*mw  books.  2417 

scribe  its  properties/1  at  least  if  we  wish  the  student  to  know  more  than 
that  it  is  white  and  expensive. 

The  text  under  review  stops  far  short  of  the  ambition  expressed  by 
a  recent  writer,  who  desires  that  we  might  have  in  chemistry  a  book  like 
a  college  text  in  physics,  a  body  of  principles  instead  of  a  catalogue  of 
facts.  But  there  is  in  this  text  and  some  others  a  tendency,  conscious  or 
unconscious,  to  go  some  distance  in  that  direction.  If  the  habit  should 
fix  itself  upon  the  present  generation  of  text-book  writers  in  chemistry 
who  have  themselves  acquired  their  foundation  under  an  older  system, 
the  logical  result  might  well  happen;  if  the  freshman  course  becomes  as 
thoroughly  reduced  to  principles  as  the  college  work  in  physics,  it  might 
well  acquire  the  same  standing  in  our  colleges — taken  by  those  who  must, 
elected  by  a  few,  and  pursued  by  almost  none. 

McCoy  and  Terry's  text  could  have  its  descriptive  matter,  especially 
that  of  the  metallic  derivatives,  expanded  and  systematized  without 
becoming  over-bulky  and  without  detracting  from  its  very  obvious  merits. 

Arthur  E.  Hill. 

Chemical  Calculation  Tables.  Second  edition  revised.  By  Horacb  L.  Wells,  Pro- 
fessor of  Analytical  Chemistry  and  Metallurgy  in  the  Sheffield  Scientific  School 
of  Yale  University.  John  Wiley  &  Sons,  Inc.,  NeW  York  (Chapman  and  Hall, 
Ltd.,  London),  1919.    v  +  43  pp.     15 -5  X  24.5  cm.     Price  $1.35- 

This  book  contains  about  20  pages  of  data  very  useful  to  chemists  and 
a  5-place  table  of  logarithms  with  double  thumb  index.  Much  care  has 
been  taken  to  insure  its  accuracy.  Individual  opinions  may  differ  as  to 
what  should  be  included  in  a  book  sq  limited  in  size.  The  gravimetric 
factors  are  not  always  well  chosen  and  the  analyst  will  need  to  supply 
many  more.  For  example,  nickel  is  commonly  weighed  as  the  salt  of 
dimethylglyoxime,  and  lead  as  PbC>2,  but  no  mention  is  made  of  factors 
involving  these  compounds.  No  date  is  give  for  the  table  of  atomic 
weights.  The  stiff  red  cloth  covers  in  which  the  book  is  bound  do  not 
seem  well  suited  in  color  or  style  for  a  book  of  this  kind  which  is  used 
at  the  laboratory  desk.  The  book  will,  on  the  whole,  be  found  very  con- 
venient. H.  H.  Willard 

Leg  Colloides.  By  J.  Duclaux.  18  X  12  cm.  pp.  vii  +  288.  Paris:  Gauthier- 
Villars  et  Cie,  1920. 

Most  people  nowadays  consider  a  colloidal  ferric  oxide  solution  as 
consisting  of  suspended  particles  of  ferric  oxide  stabilized  by  an  adsorbed 
salt,  ferric  chloride  for  instance.  The  author  prefers  to  look  upon  it  as  a 
salt  with  iron  as  cation  and  an  anion  consisting  of  the  ferric  oxide  plus 
the  chlorine.  If  one  postulates  that  the  amount  of  chlorine  in  the  anion 
can  vary  considerably  and  if  one  also  postulates  that  the  anions  behave 
like  suspended  particles,  the  two  views  lead  to  similar  conclusions  so  far 
as  cases  of  this  type  are  concerned.    The  disadvantage  is  that  Duclaux 
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is  forced  to  treat  adsorption  from  solution  by  a  solid  as  a  fundamentally 
different  phenomenon  from  the  formation  of  a  colloidal  solution.  This 
does  not  trouble  him  because  he  likes  antitheses  and  still  holds  to  Graham's 
distinction  between  colloids  and  crystalloids,  though  admitting  that  the 
distinction  is  not  absolute. 

The  subject  is  treated  under  the  following  general  heads:  General 
methods  of  making  colloidal  solutions;  general  properties  of  colloidal 
solutions;  optical  properties  and  filtration;  constitution  of  colloidal  par- 
ticles; colloids  and  the  ionic  theory;  adsorption;  colloids  and  adsorption; 
physical  properties  in  living  organisms;  osmotic  pressure  in  living  or- 
ganisms; colloids  in  living  organisms;  technique  of  the  study  of  colloids. 

While  the  author,  like  most  authors,  is  convinced  that  he  has  explained 
everything,  his  apparent  success  is  due  chiefly  to  the  general  vagueness  of 
the  discussion.  Dyeing  is  cited  as  a  case  of  adsorption,  p.  138;  but  there 
is  no  reference  to  the  effect  of  acids,  alkalies,  or  salts.  When  discussing 
coagulation  by  salts,  p.  229,  he  takes  the  ground  that  one  cannot  tell 
whether  the  precipitation  is  due  to  the  sodium  ion  or  the  chlorine  ion. 
On  p.  197  he  states  that  the  permeability  of  tissues  depends  on  then- 
structure,  which  is  undoubtedly  true;  but  which  is  not  distinctly  helpful. 

There  are  some  interesting  facts  in  the  book  which  were  entirely  new 
to  the  reviewer.  In  18 10  a  lot  of  mercury  in  the  hold  of  an  English 
ship  escaped  from  the  containers.  Inside  of  three  weeks  two  hundred 
men  on  board  suffered  from  mercury  poisoning  and  all  the  animals  died, 
p.  172.  In  the  dried  venom  of  the  cobra,  p.  183,  the  zinc  content  is  about 
*5%  of  the  total  mineral  matter.  This  means  a  specific  concentration, 
because  iron  which  is  much  more  abundant  than  zinc,  is  not  concentrated 
in  the  venom.  The  case  is  analogous  to  the  concentrating  of  potassium 
and  iodine  in  sea-weed,  to  the  taking  up  of  lime  by  soft  shell  crabs,  and  to 
the  concentrating  of  phosphate  by  mistletoe. 

The  author  is  not  much  impressed  by  the  terminology  of  the  biological 
chemists.  He  considers  the  precipitation  of  arsenious  sulfide  by  barium 
chloride  adsorbed  by  something,  and  points  out,  p.  241,  that  if  we  had 
the  two  reagents  enclosed  separately  in  gelatine  capsules  which  suddenly 
became  permeable,  we  should  call  the  arsenious  sulfide  an  arseniogen 
before  it  was  precipitated  and  an  arsenine  after  it  was  precipitated  while 
the  adsorbed  barium  chloride  would  be  called  an  arsenine  ferment. 

Wilder  D.  Bancroft. 
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THE  CHEMISTRY  AND  CRYSTALLOGRAPHY  OF  SOME  FLUO- 
RIDES OF  COBALT,  NICKEL,  MANGANESE  AND  COPPER.1 

By  Floyd  H.  Edmistbr  and  Hermon  C.  Cooper. 

Received  November  3,  1919. 

Introduction. 

The  fluorides  of  the  bivalent  heavy  metals,  such  as  cobalt,  nickel  and 
copper,  have  never  been  fully  investigated;  neither  have  their  composi- 
tions and  crystalline  forms,  including  isomorphous  relations,  been  satisfac- 
torily established.  An  examination  of  the  description  of  these  com- 
pounds in  the  handbooks2  leaves  one  in  doubt  as  to  the  facts  and  relation- 
ship. 

In  1824  Berzelius8  prepared  the  fluorides  of  cobalt,  nickel  and  copper 
and  regarded  them  as  so  similar  that  he  described  them  together.  "If 
the  carbonate  (of  the  metal)  is  treated  with  hydrofluoric  acid,  it  will  dis- 
solve with  effervescence,  but  soon  a  salt  is  precipitated  as  a  heavy  pow- 
der. If  more  and  more  of  the  carbonate  be  added,  the  effervescence  con- 
tinues, but  the  salt  already  formed  decomposes,  especially  if  warmed,  and 

1  A  more  detailed  account  of  this  work  was  submitted  to  the  Faculty  of  the  Grad- 
uate School  of  Syracuse  University  by  Floyd  H.  Edmister  in  May,  19 18,  in  partial 
fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy. 

1  E.  g.t  "Gmelin-Kraut." 

*  Berzelius,  Pogg.  Ann.  I,  1824,  p.  28;  Ann.  chitn.  phys.  [2]  24,  61  (1823). 
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there  results  a  pulverulent  basic  salt.  If  the  addition  and  decomposition 
of  the  carbonate  be  stopped  before  this  salt  (powder)  forms  and  the  solu- 
tion be  evaporated,  there  separates  out  a  crystalline  crust.  *  *  * 
In  this  process  there  is  given  off  the  excess  of  acid  which  the  dissolved  salt 
contains.  If  the  crystallized  salt  be  covered  with  a  very  small  amount  of 
water  and  the  mixture  be  allowed  to  stand  for  a  long  time  at  room  tem- 
perature, there  results  a  saturated  solution  which  will  deposit  these  same 
crystals  on  evaporation.  If,  however,  the  mixture  is  heated  to  boiling 
with  much  water,  decomposition  occurs,  part  of  the  salt  dissolving  in  the 
liberated  acid  and  another  part  remaining  undissolved  as  a  basic  salt." 

Berzelius  selected  the  copper  salt  for  analysis  and  found  that  on  heat- 
ing it  with  lead  oxide  there  were  given  off  2  molecules  of  water,  not  in  the 
least  acid.  The  green  pulverulent  salt  resulting  from  the  decomposi- 
tion of  the  neutral  salt  by  boiling  water  proved,  by  the  same  method  of 
analysis,  to  be  a  basic  salt  of  the  formula  CuO.CuFj.HtO. 

The  3  metals,  cobalt,  nickel  and  copper,  were  thus  regarded  by  Ber- 
zelius as  forming  entirely  analogous  fluorides:  a  crystallized  normal 
fluoride,  MF2.HsO,  and  an  amorphous  basic  fluoride. 

About  fifty  years  later  F.  W.  Clarke1  described  the  preparation  of  a  sup- 
posedly new  fluoride,  made  by  evaporating  a  solution  of  nickel  hydroxide 
in  hydrofluoric  acid,  whereby  a  crystalline  crust  is  formed.  The  analysis 
of  this  crust  gave  the  formula,  NiFj.3HjO. 

In  1884  Balbaino*  stated  that  he  prepared  the  hydrated  cupric  fluoride 
(CUF2.2H2O)  of  Berzelius  by  dissolving  copper  carbonate  in  hydrofluoric 
acid  and  adding  95%  alcohol,  which  precipitated  a  pale  blue  crystalline 
powder. 

Poulenc8  is  credited  with  the  first  description  of  the  anhydrous  fluorides. 
They  are  only  of  incidental  interest  to  us  here,  but  it  may  be  noted  that, 
according  to  Poulenc,  the  anhydrous  nickel  fluoride  is  formed  as  an 
amorphous  yellow  powder  or  as  green  crystallized  prisms.  The  anhy- 
drous cobalt  fluoride  is  either  a  rose-red  amorphous  powder  or  red  pris- 
matic crystals. 

In  1905  Bohm4  reviewed  the  work  on  the  fluorides  of  the  heavy  metals* 
called  attention  to  the  lack  of  accurate  investigations  of  well-crystallized 
material,  and  prepared,  along  with  several  other  complex  fluorides,  the 
acid  fluorides  of  cobalt,  nickel  and  copper.  He  stated  merely  that  he 
obtained  these  by  dissolving  the  freshly  precipitated  hydroxides  or  car- 
bonates of  the  metals  in  hydrofluoric  acid  and  concentrating  until  crystals 
appeared.  His  cobalt  and  nickel  fluorides  are  described  as,  respectively, 
1  Clarke,  Am.  Chem.  J.t  13,  290  (1887). 
*  Balbaino,  /.  Chem.  Soc.t  2,  1264  (1884). 

•Poulenc,  Compt.  rend.,  114,  1426  (1892);  Ann.  chim.  phys.,  (7]  2,  47  (1894); 
Ber.t  25,  R.  662  (1892). 

4  Bdhm,  Z.  anorg.  Chem.,  43,  330  (1905). 
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red  and  green  prisms,  having  similar  form  and  composition.  They  are 
stable  in  the  air  and  easily  soluble  in  water  and  dilute  acids.  The  metal 
was  determined  by  electrolysis  from  a  sulfate  solution,  the  fluorine  by 
heating  the  salt  with  pure  Iceland  spar  and  the  water  by  heating  a  mix- 
ture of  the  salt  with  lead  chromate  in  a  combustion  tube .  B6hm  found  the 
copper-fluoride  crystals  to  be  different  from  the  others  in  that  they  soon 
lose  their  water  of  crystallization  in  the  air  and  that  they  decompose 
completely  when  heated  in  a  closed  tube,  water  and  hydrogen  fluoride  es- 
caping, while  copper  oxide  remains.  In  the  case  of  copper  fluoride  the 
fluorine  was  determined  by  neutralizing  with  an  excess  of  sodium  hydroxide 
and  titrating  back  with  standard  hydrochloric  acid.  The  formulas  as- 
signed by  Bdhm  for  these  fluorides  are  of  a  strongly  acid  fluoride  type. 
Purpose  of  the  Investigation. 

It  is  hardly  possible  that  the  conclusions  of  Berzelius,  Clarke  and  Bdhm 
can  aJl  be  correct,  since  all  of  them  offer  different  formulas  for  salts  pre- 
pared by  methods  which  should  yield  the  same  type  of  fluoride  for  a  single 
metal.  It  is  reasonable  to  suspect  that  the  old  master,  Berzelius,  drew  too 
hasty  conclusions  from  his  brief  experiments. 

Notwithstanding  the  slight  experimental  foundation  on  which  the  ex- 
istence of  the  normal  fluorides  is  based,  one  is  inclined  to  prefer  a  normal 
salt  formula  to  an  acid  salt  formula  for  a  halide  obtained  from  the  hy- 
droxide or  carbonate  and  acid,  because  it  is  in  this  way  that  the  most 
familiar  normal  chlorides  and  bromides  are  prepared. 

We  have  undertaken  a  combined  chemical  and  crystallographic  study 
of  these  fluorides,  not  merely  to  ascertain  the  facts  in  question,  but  to 
see  whether  an  isomorphous  series  is  involved. 

Preparation  of  Materials. 

The  following  general  methods  were  investigated.  (1)  Treating  the 
hydroxide  of  the  metal  with  an  excess  of  hydrofluoric  acid.  The  excess  is 
necessary  for  avoiding  the  formation  of  the  basic  salt.  (2)  Decomposing 
the  carbonate  with  hydrofluoric  acid.  In  either  of  these  cases  the  re- 
sulting solution  is  evaporated  until  crystals  appear.  Both  methods  yield 
satisfactory  results.  (3)  "Dissolving"  the  metal  in  hydrofluoric  acid. 
In  most  cases  the  action  was  so  slow  that  only  a  very  small  concentra- 
tion could  be  obtained.  (4)  Treating  a  salt  of  the  metal  (the  acetate) 
with  hydrofluoric  acid.  (5)  Double  decomposition  of  an  alkali  fluoride 
and  a  salt  of  the  metal.    A  complex  fluoride  resulted. 

The  first  general  method  was  ordinarily  employed.  The  hydroxides 
were  precipitated  from  the  acetate  solution  with  sodium  hydroxide,  the 
precipitate  being  washed  repeatedly  by  decantation  with  cold  water  and 
finally  with  hot  water,  until  the  filtrate  gave  no  color  with  phenolphthalein. 
The  washing  must  be  very  thorough,  since  the  gelatinous  hydroxide  ad- 
sorbs the  alkali  greedily.    An  excess  of  alkali  was  avoided  and  the  pre- 
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dpitate  was  heated  in  an  excess  of  water  to  boiling  repeatedly  before 
bringing  it  upon  the  filter.  The  moist  hydroxide  was  then  dissolved  in 
c.  p.  hydrofluoric  acid  in  a  platinum  basin  and  the  solution  was  filtered 
through  a  wax  funnel  into  a  wax  bottle,  from  which  it  was  taken  as  needed. 

Bdhm  specifies  that  the  solution  should  be  evaporated  in  a  vacuum 
desiccator  over  sulfuric  acid  until  crystals  appear.  Attempts  to  follow 
this  procedure  resulted  in  the  formation,  not  of  crystals,  but  of  a  crystal- 
line crust  on  the  sides  and  bottom  of  the  container  and  an  arborescent 
creeping  growth  extending  often  over  the  sides  of  the  vessel.  The  walls 
of  the  container  and  the  desiccator  were  bedewed  with  a  strongly  acid 
solution,  which  was  not  absorbed  by  the  sulfuric  acid.  If  the  evaporation 
took  place  in  the  open  air,  the  crust  was  drier  and  harder  and  more  diffi- 
cultly soluble. 

Under  the  microscope  this  crust  looked  different  according  to  the  con- 
ditions under  which  the  evaporation  took  place.  In  some  cases  the 
crust  was  only  a  mass  of  nodules,  while  in  others  it  appeared  to  be  a 
mixture  of  amorphous  material  and  of  small  but  fairly  definite  crystals. 
In  the  case  of  copper  the  crust  was,  fortunately,  almost  wholly  crystal- 
line. 

In  view  of  the  fact  that  the  analyses  of  Berzelius  and  Clarke  were 
made  on  material  prepared  in  this  way,  special  attention  was  given  to 
preparing  a  product  which  could  be  regarded  as  suitable  for  analysis,  but 
examination  with  the  petrographic  microscope  showed  the  preparations — 
except  in  the  case  of  the  copper  salt — to  be  either  amorphous  and  of  in- 
definite water  content  or  mixtures  of  amorphous  and  crystalline  material. 
Analyses  of  these  products  were  made  and  indicated  roughly  a  ratio  of 
cobalt  or  nickel  to  fluorine  of  i  :  2,  but  the  character  of  the  crystals  was 
too  indefinite  to  warrant  careful  investigation  of  their  composition. 

Recrystallization. — If  this  crust  is  placed  in  about  an  equal  weight 
of  water,  the  crystalline  portion  can  be  seen  to  dissolve  out,  while  the 
amorphous  portion  remains.  If  the  amount  of  water  is  increased  and  the 
temperature  raised,  all  of  the  material  dissolves.  Except  in  the  case  of 
cobalt  no  well-defined  crystals,  capable  of  measurement,  were  obtained 
from  the  original  solution  of  the  hydroxide  in  hydrofluoric  acid.  All 
of  the  crystals  used  for  analysis  and  measurement  have  been  obtained 
from  the  water  extract  of  the  crystalline  crust,  the  extract  being  allowed  to 
evaporate  slowly  in  the  air.  Even  then  some  of  the  crust  is  nearly  always 
formed  around  the  crystals  and  a  second  recrystallization  is  necessary  to 
free  them  entirely  from  the  cfusL  Each  recrystallization  reduces  the  acid 
concentration  until  in  the  third  it  is  practically  negligible. 

We  hesitated  to  recrystallize  from  pure  water  because  of  the  possi- 
bility of  hydrolysis  and,  particularly,  because  of  the  possible  loss  of  acid 
in  case  the  salts  should  be  acid  fluorides,  as  our  investigation  as  well,  as 
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Bdhm's  disclosed.  Contrary  to  expectations,  the  proportion  of  amorphous 
material  lessened,  rather  than  increased,  with  decreasing  acidity,  indica- 
ting that  it  is  not  a  basic  salt.  The  acid  concentration,  however,  appears 
to  control  the  equilibrium  involving  the  crystal  Mid  amorphous  phases. 

Preparation  of  Cobalt  Fluoride. — Our  first  preparation  of  cobalt 
fluoride  was  by  treating  the  hydroxide  with  hydrofluoric  acid.  Because 
of  the  tendency  of  the  cobalt  (ous)  hydroxide  to  oxidize  in  the  air  during 
the  long  washing  process  to  cobaltic  hydroxide,  which  is  insoluble  in 
hydrofluoric  acid,  we  generally  used  the  carbonate  instead.  It  is  perma- 
nent in  the  air,  filters  more  quickly  and  is  more  easily  washed.  It  is, 
however,  less  soluble  than  the  cobaltous  hydroxide.  To  be  sure,  the  car- 
bonate, when  added  to  the  hydrofluoric  acid,  is  decomposed  as  long  as 
there  is  any  acid  present,  but,  as  Berzelius  stated,  there  is  precipitated  * 
a  fine  rose-red  powder,  which  is  dissolved  only  upon  the  addition  of  more 
acid  and  water. 

The  original  solution  was  evaporated  on  a  water-bath  until  solid  ap- 
peared, whereupon  it  was  removed  to  a  heat-insulated  box  of  the  Swedish 
box,  or  fireless  cooker  type,  and  allowed  to  cool  slowly*  No  crystals 
formed.  Even  after  standing*  in  the  box  until  half  of  it  had  evaporated, 
the  solution  continued  to  yield  a  brittle  crystalline  crust,  the  last  portion 
being  the  same  as  the  first. 

The  next  trial  was  made  in  the  open  air,  using  the  mother  liquor  from 
this  crust,  but  no  real  crystals  were  obtained.  The  same  method  was 
tried,  starting  with  a  dilute  solution  and  allowing  it  to  evaporate  slowly 
at  an  even  temperature,  with  no  better  results.  Bohm's  method  of  let- 
ting stand  in  an  evacuated  desiccator  over  sulfuric  acid  was  then  tried. 
The  evaporation  proceeded  slowly  because,  as  stated  above,  the  escaping 
vapor  was  not  absorbed  by  the  sulfuric  acid  but  condensed  upon  the  inner 
wall  of  the  desiccator.  Solid  fluoride  formed  upon  the  sides  of  the  basin 
and  then  crept  over  the  edge.  Under  the  microscope  this  crust  appeared 
to  have  no  crystal  form  and  no  definite  composition. 

The  cobalt  fluoride  crust,  however  formed,  is  slowly  soluble  in  very 
dilute  hydrofluoric  acid.  For  this  reason  a  few  drops  of  hydrofluoric 
acid  were  added  to  the  water  on  dissolving.  Upon  evaporation  the  same 
results  were  obtained  as  in  the  first  evaporation.  Since  the  crust  ap- 
peared to  consist  of  more  than  one  form  of  material,  differing  in  solubility, 
a  comparatively  large  amount  was  treated  with  a  small  quantity  of  water 
and  warmed.  The  filtered  solution  upon  standing  for  6  hours  began  to 
deposit  crystals  which,  though  accompanied  by  crust,  were  sufficiently 
distinct  from  it  to  be  separated  mechanically.  When  these  crystals  were 
rtcrystalHzed  from  slightly  acid  water,  very  clean,  well-defined  crystals 
werci  obtained. 

Preparation  of  Nickel  Fluoride. — For  the  preparation  of  nickel  fluoride 
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either  the  hydroxide  or  the  carbonate  may  be  used,  since  the  hydroxide, 
uniike  that  of  cobalt,  is  stable  in  the  air.  The  first  product  was  a  crys- 
talline crust,  as  for  cobalt.  The  crust  forming  on  the  surface  of  the  evap- 
orating solution  is  identical  in  appearance  under  the  microscope  with  that 
deposited  on  the  bottom.  Satisfactory  crystals  were  obtained  in  the  same 
way  as  for  cobalt,  the  cleanest  ones  resulting  from  a  second  recrystalliza- 
tion  from  water. 

Preparation  of  Manganese  Fluoride. — Of  all  the  fluorides  investi- 
gated that  of  manganese  is  the  most  difficult  to  prepare.  The  hydroxide 
is  less  stable  in  the  air  than  that  of  cobalt;  so  that,  before  it  can  be  thor- 
oughly washed,  much  of  it  has  become  insoluble  in  hydrofluoric  acid; 
#but  a  more  serious  difficulty  is  the  comparatively  slight  solubility  of  the 
manganous  hydroxide  in  hydrofluoric  acid.  The  carbonate  likewise 
dissolves  only  to  about  10%;  further  addition  of  the  carbonate  produces 
a  marked  effervescence  and  the  precipitation  of  a  fine  powder,  which 
does  not  dissolve  upon  the  addition  of  more  acid  and  water.  The  solu- 
tion of  the  fluoride  is  consequently  very  dilute. 

If  the  manganous  fluoride  solution  be  heated  on  the  water-bath,  the 
fluoride  precipitates  as  the  powder,  so  that  all  evaporation  must  be  done 
at  room  temperatures,  requiring  on  the  average  6  weeks  to  produce  crys- 
tals. The  crust  also  forms  as  in  the  case  of  cobalt  and  nickel,  but  decom- 
poses when  digested  with  water.  We  attempted  to  obtain  manganese 
fluoride  by  dissolving  the  metal  in  hydrofluoric  acid,  but  obtained  only 
manganese  dioxide,  which  was  formed  by  an  unusually  vigorous  reaction 
between  the  metal  and  acid. 

Preparation  of  Copper  Fluoride. — For  the  preparation  of  copper 
fluoride  the  hydroxide  is  to  be  preferred  to  the  carbonate,  since  the  hy- 
droxide reacts  faster  with  hydrofluoric  acid.  Although  it  forms  a  basic 
salt  upon  standing  in  the  air,  the  product  is  soluble  in  more  acid.  If 
the  copper  fluoride  solution  be  evaporated  slowly,  small  irregular  blue 
crystals  form  on  the  bottom  of  the  basin;  while,  if  the  evaporation  takes 
place  on  the  water-bath,  the  fluoride  appears  as  a  clear  crystalline  crust 
of  constant  composition.  Both  the  small  crystals  and  the  crystalline 
crust  were  free  from  the  granular,  amorphous  material  so  persistent  in 
the  deposition  of  cobalt  and  nickel  fluorides.  They  were  regarded  as 
sufficiently  well  defined  for  analysis.  The  analyses  showed  the  2  products 
to  be  identical  in  composition,  viz.,  to  be  a  normal  fluoride. 

These  normal  fluoride  crystals  are  difficultly  soluble  in  water,  a  white 
coat  forming  upon  the  surface.  If  an  excess  of  water  is  added  and  the 
solution  is  heated,  the  filtrate  yields  upon  evaporation  well-defined  3-  or 
6-sided  prismatic  crystals.  These  are  very  soluble  in  water  and,  strange 
to  say,  have  the  composition  of  an  acid  fluoride.  On  exposure  to  the  air 
they  effloresce  rapidly.    If  they  are  heated,  water  and  hydrogen  fluoride 
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are  evolved,  leaving  copper  oxide  in  the  tube.  Presumably  the  hydrogen 
fluoride  is  driven  off  first,  whereupon  the  water  of  crystallization  hydro- 
lyzes  the  copper  fluoride. 

Observations  on  Dissociation. 

The  crystal  fluorides  of  cobalt,  nickel,  manganese  and  copper  all  evolve 
hydrogen  fluoride  when  exposed  to  the  air.  After  a  portion  of  one  of 
these  substances  is  washed  and  dried  and  set  aside  on  the  watch  glass 
the  latter  is  found  to  be  etched  in  3  minutes.  The  gradual  loss  of  hydrogen 
fluoride  is  a  very  important  property  of  these  fluorides.  It  means  that 
the  compound  cannot  be  preserved  with  certainty  of  its  retaining  its 
original  composition  and  that  analyses  must  be  made  with  the  freshest 
possible  product.  This  phenomenon  will  be  referred  to  in  the  discussion 
of  the  analysis.  It  would  be  interesting  to  determine  the  rate  of  decom- 
position, but  no  work  has  been  done  upon  it  thus  far. 

The  crystals  are  soluble  in  water  and  dilute   acids.    When   heated, 
they  give  off  water  and  hydrofluoric  acid  and  are  themselves  converted 
to  the  oxides,  as  stated  by  Bdhm,  for  the  copper  salt. 
Analysis  of  the  Fluorides. 

For  the  metal  the  following  general  methods  are  applicable:  (1)  precipi- 
tation as  the  hydroxide  or  sulfide  with  subsequent  reduction  in  a  stream 
of  hydrogen;  (2)  evaporation  with  sulfuric  acid  and  weighing  as  the  an- 
hydrous sulfate;  (3)  heating  at  red  heat  to  convert  the  fluoride  into  the 
oxide;  (4)  electrolytic  deposition. 

The  total  fluorine  can  be  determined  volumetrically  by  adding  an  excess 
of  standard  alkali  and  titrating  back  with  standard  acid.  In  this  case 
the  precipitated  hydroxide  is  filtered  off  before  the  titration,  else  it  will  ob- 
scure the  end-point."  With  nickel  and  copper,  using  phenolphthalein 
as  an  indicator,  a  very  good  end-point  can  be  obtained  if  the  alkali  be 
added  slowly  to  the  warm  solution  until  the  free  hydrofluoric  acid  is  neu- 
tralized and  the  hydroxide  of  the  metal  is  precipitated. 

The  gravimetric  determination  of  fluorine  is  based  upon  its  precipita- 
tion as  an  insoluble  fluoride.  A  number  of  metals  form  insoluble  fluorides, 
calcium  being  the  one  most  commonly  used.  Lead  chloride  precipitates 
the  fluorine  as  the  double  halide,  FbFCl,1  and  lithium  chloride  is  said  to 
give  accurate  results.*  In  our  work  with  the  fluorides  lead  chloride  gave 
results  uniformly  low  and  lithium  chloride  failed  in  some  cases  to  give  a 
precipitate.  The  difficulties  of  precipitation  are  well  known.  Calcium 
fluoride  is  an  extremely  finely  divided,  slimy  precipitate,  which  passes 
through  nearly  all  filters  the  first  time.  Refiltering  through  the  same  fil- 
ter proved  to  be  exceedingly  tedious,  and  washing  was  impracticable  be- 
cause of  the  time  consumed  in  filtration  of  the  solution.  However,  a 
1  G.  Starck,  Z.  anorg.  Chcm.,  70,  173  (191 1);  J.  Chetn.  Soc.  Abs.,  100,  ii,  436  (191 1). 
*  Deladrier.  /.  Chem.  Soc.t  86,  440  (1904). 
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number  of  determinations  for  fluorine  were  made  by  precipitating  it  with 
calcium  chloride  or  calcium  acetate.  While  the  results  were  not  accurate, 
they  afforded  independent  confirmation  of  those  obtained  by  other  meth- 
ods so  far  as  the  interpretation  was  concerned. 

The  purpose  of  adding  the  carbonate  to  the  fluoride  in  the  calcium 
fluoride  method  (Berzelius)  is  to  assist  in  the  filtration.  A  modification 
of  this  procedure  has  given  good  results  in  our  work.  Instead  of  adding 
sodium  carbonate  we  made  the  solution  slightly  acid  with  acetic  acid.  An 
amount  of  standard  ammonium  oxalate  was  then  added  so  that  the  calcium 
oxalate  precipitated  would  be  approximately  the  same  as  the  weight  of 
calcium  fluoride.  The  2  precipitates  were  then  filtered  off  together  in  a 
Gooch  crucible,  dried  and  weighed.  The  difference  between  the  weight 
of  the  combined  precipitate  and  the  weight  of  the  calcium  oxalate,  corre- 
sponding to  the  ammonium  oxalate  added,  gave  the  calcium  fluoride.  The 
decided  advantage  lies  in  the  elimination  of  the  decomposition  and,  further- 
more, it  does  not  necessitate  a  second  filtration.  The  calcium  oxalate 
serves  the  same  purpose  as  the  calcium  carbonate  and  does  it  equally 
well .    None  of  the  absorption  methods  was  used  in  the  analysis  for  fluorine. 

The  determination  of  crystal  hydrate  water  is  the  most  difficult,  since  a 
temperature  sufficiently  high  to  expel  the  last  traces  will  cause  a  loss  of 
at  least  a  part  of  the  hydrogen  fluoride.  The  method  used  by  Bohm — 
heating  the  fluoride  with  lead  oxide— is  the  only  one  described  as  being 
satisfactory.  In  the  analyses  that  follow  the  water  determinations  were 
so  variable  that  they  were  used  only  as  rough  indications  of  the  amount 
present.  For  calculating  formulas  use  was  made  of  the  percentage  of 
water  by  difference. 

Cobalt  Fluoride  Analysis. — The  fluorine  of  the  cobalt  fluoride  was 
determined  by  adding  an  excess  of  standard  alkali  to  the  water  solution. 
The  precipitate  was  4  times  washed  by  decantation  with  hot  water, 
whereupon  it  was  brought  upon  the  filter  and  washed  with  hot  water  until 
the  washings  gave  no  test  for  alkali  with  phenolphthalein.  The  filtrate 
was  then  titrated  with  standard  hydrochloric  acid  and  the  weight  of  sodium 
hydroxide  used  was  calculated.  In  order  to  check  this  method  determina- 
tions were  made  by  precipitating  the  fluorine  with  calcium  acetate.  The 
results  were  lower  than  by  titration  and  are  not  considered  reliable. 

All  of  the  general  methods  were  used  for  determining  cobalt  metal. 
The  first  method  employed  was  that  of  precipitating  with  sodium  hy- 
droxide, filtering  the  precipitate  and  washing  it  with  hot  water.  The 
dried  hydroxide  was  ignited  and  the  oxide  decomposed  with  cone,  sul- 
furic acid.  This  acid  solution  was  then  evaporated  to  dryness  and  the 
anhydrous  cobalt  sulfate  weighed. 

Another  method  used  for  cobalt  was  to  treat  the  fluoride  with  sulfuric 
acid  and  evaporate.    This  should  volatilize  all  of  the  constituents  except 
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the  metal.  Consistent  results  were  obtained  by  this  method  which  agree 
with  the  electrolytic  determinations.  The  reaction  with  sulfuric  add  is 
vigorous  and  complete  within  a  few  minutes.  The  sulfuric  acid  is  then 
driven  off  in  an  air-bath,  the  residue  heated  for  5  minutes  and  eventually 
weighed  as  anhydrous  cobalt  sulfate. 

In  electrolytic  deposition  cobalt  does  not  behave  ideally;  it  does  not 
always  form  a  good  coating  on  the  cathode,  but  often  scales  off  before 
the  deposition  is  complete.  We  carried  out  the  electrolysis  as  specified 
by  Treadwell-Hall.1  Our  experience  has  been  that,  if  the  voltage  ex- 
ceeds 1.5  volts,  the  cobalt  will  precipitate  as  the  hydroxide  and,  if  the 
solution  is  not  kept  strongly  alkaline,  a  black  ring  will  be  deposited,  par- 
ticularly around  the  edge.  A  voltage  of  1 .0  to  1.5  and  an  amperage  of 
1 .0  to  1 .3  gave  the  best  results.  A  100-cc.  platinum  basin  served  as  the 
cathode.  It  is  not  necessary  to  precipitate  the  hydroxide  of  cobalt,  but 
the  crystals  may  be  dissolved  in  water,  ammonium  hydroxide  added 
and  the  solution  electrolysed  directly.  The  possibility  of  contamination 
with  alkali  is  eliminated  and  accurate  results  are  to  be  expected,  but  no 
determination  of  fluorine  can  be  made  on  the  same  sample. 

Cobalt  hydroxide  was  also  reduced  to  the  metal  by  the  Rose  method. 
Unfortunately,  the  ignited  precipitate  was  always  in  masses,  which  would 
not  reduce  unless  removed  from  the  crucible  and  ground.  If  this  was 
not  done,  the  reduction  was  incomplete  and  the  results  were  too  high. 

Nickel  Fluoride  Analysis. — In  the  nickel  fluoride  the  fluorine  was 
determined  as  in  the  case  of  cobalt.  The  metal  also  was  determined  (1) 
as  the  anhydrous  sulfate,  after  evaporating  the  fluoride  crystals  with  sul- 
furic acid;  (2)  by  electrolysis;  and  (3)  as  the  oxide.  Unlike  cobalt  oxide 
nickel  oxide  has  a  constant  composition  and  the  metal  can  be  calculated 
from  the  weight  of  the  oxide. 

Anhydrous  nickel  sulfate  is  hygroscopic  and  must  be  weighed  quickly 
after  removal  from  the  desiccator.  The  electrolysis  was  conducted  in  a 
strongly  alkaline  solution  with  a  voltage  of  about  1 . 5  and  an  amperage 
of  1 .5.    In  all  cases  the  platinum  basin  was  used  as  the  cathode. 

No  analyses  for  nickel  were  made  by  the  Rose  method. 

Copper  Fluoride  Analysis. — The  copper  is  best  determined  (1)  by 
electrolysis  in  the  water  solution  of  the  crystals,  which  are  add  with  hydro- 
fluoric acid,  unless  the  fluorine  is  to  be  determined  in  the  same  sample. 
In  the  latter  case  the  copper  is  precipitated  as  the  hydroxide,  dissolved  in 
dil.  nitric  acid  and  subjected  to  electrolysis.  Copper  was  also  determined 
(2)  by  evaporating  the  crystals  with  sulfuric  acid.  (3)  When  the  copper 
fluoride  crystals  are  heated  alone,  they  give  off  water  and  hydrofluoric 
acid  and  are  converted  to  the  oxide.  The  weight  of  copper  calculated 
1  Treadwell-Hall,  "Analytical  Chemistry"  II,  1915,  p.  138,  4th  Ed..  N.  Y. 
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from  the  oxide  thus  obtained  agrees  approximately  with  that  obtained 
by  other  methods. 

Manganese  Fluoride  Analysis. — The  fluorine  was  determined  by  the 
same  method  as  for  the  other  fluorides.  The  metal  was  determined 
(1)  by  decomposing  with  sulfuric  acid,  and  (2)  by  converting  to  the  pyro- 
phosphate. For  the  latter  method  the  manganese  is  first  precipitated 
as  the  hydroxide,  washed  free  from  alkali  and  dissolved  in  dil.  sulfuric 
acid. 

The  Analytical  Data.— The  results  of  the  analyses  are  tabulated  in 
the  following  tables.  The  numbers  in  the  first  column  are  analytical 
reference  numbers;  the  method  employed  in  the  analysis  is  indicated  in 
the  second  column;  the  weights  of  salt  and  constituent,  respectively,  are 
given  in  the  next  2  columns;  the  computed  percentage  is  found  in  the 
fifth  column;  while  the  last  column  is  used  for  memoranda  that  might  aid 
in  the  appraisal  of  the  results. 

Cobalt  Fluoride. 
Prepared  by  the  action  of  HF  on  the  hydroxide  or  carbonate,  no  difference  being 
seen  in  the  products. 


Reference 
No. 

Salt. 
G. 

Fluorine. 
G. 

%. 

6 

Pptd.  as  CaFj 

0.3000 

O.1214 

3997 

3 

Titration 

0.5000 

O.1310 

4I.30 

63 

Titration 

0.3000 

O.I22I 

40.78 

64 

Titration 

0.4007 

O.1695 

41.45 

90 

Titration 

0.3000 

O.1285 

42.85" 

130 

Pptd.    as    CaFs    + 

CaCi04 

0.2934 

O.1458 

4^.79* 

IS* 

Pptd.    as    CaFj    + 

CaCjO* 

0.2280 

O.1232 

43-79* 

Reference 
No. 

Salt. 
G. 

Metal. 
G. 

%. 

37 

Dissolved  hydroxide 
in  HtS04  and  elec- 

trolyzed 

O.3026 

O.0591 

19  53 

Crystals  were  washed  in  al- 

39 

Dissolved  hydroxide 
in  H1SO4  and  elec 

cohol 

trolyzed 

O.4483 

O.0864 

19.27 

50 

Decomposed   with 
HtSOi  and  weighed 

asCoSOi 

O.3520 

O.I793 

19.36 

63 

Electrolysis 

O.30OO 

O.0571 

19.40 

78 

Electrolysis 

4.4007 

O.7840 

19.40 

Very  clean  crystals 

93 

Electrolysis 

O.300O 

O.0590 

19.60 

Dissolved  in  water  and  elec- 
trolyzed 

5i 

Electrolysis 

O.2544 

O.0484 

19.03 

Dehydrated 

0  Taken  from  solution,  washed,  dried  and  analyzed  immediately. 
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Reference 
No. 

Salt. 
G. 

Metal. 
G. 

%. 

5 1       Heating  and  collect- 

ing the  water 

0.2544 

0 .  1036 

40.70 

130       Heating  and  collect- 

ing the  water 

0.3024 

O.I 195 

3952 

133       Heating  with  PbO 

0.33I3 

O.1363 

41.14 

, 

1 35       Heating  with  PbO 

01853 

0.7440 

41-15 

137       Heating  and  collect- 

ing the  water 

O.2107 

O.8650 

4105 

Nickel  Fluoride. 

Prepared  from  the  hydroxide  and  hydrofluoric  acid. 

Reference 

No. 

Salt. 
G. 

Fluorine. 
G. 

%. 

58       Titration 

0.3000 

O.1259 

41.99 

Washed  in  alcohol 

80       Titration 

0.3000 

O.1658 

41.36 

Old  crystals 

89       Titration 

0.3000 

O.1296 

4327 

Clean  crystals  fresh  from  solu- 
tion 

96       Titration 

0.3000 

O.1292 

4305 

Clean  crystals  fresh  from  solu- 
tion 

97       Titration 

0.3000 

O.1248 

41.67 

Old  crystals 

131       Pptd.  asCaF,  + 

0.1876 

O.0914 

4376 

Crystals   fresh   from   solution 

CaCiO* 

Reference 
No. 

Salt. 
G. 

Metal. 
G. 

%. 

54       Electrolysis 

O.3070 

O.0677 

19.80 

58       Electrolysis 

O.3000 

O.0584 

19.60 

62       Electrolysis 

O.3000 

O.0574 

1950 

64       Electrolysis 

O.2497 

O.0489 

1958 

91       Electrolysis 

O.3000 

O.0478 

19.26 

Reference 
No. 

Salt. 
G. 

Water. 
G. 

%. 

Heating  and  collect- 
ing water  in  HtS04 


Reference 
No. 

76  Titration 
69  Titration 
92       Titration 

Reference 

No. 

76  Heating  with  HtS04 

and    weighing    as 
MnSO« 
60       Heating  with  H*S04 
and    weighing    as 
MnS04 

77  Heating  with  H*S04 

and   weighing    as 
MnS04 

Reference 
No. 

127       Heating   with    PbO 

and  collecting  the 

water 


0.2764    0.1 149    41.50 
.  Manganese  Fluoride. 


Salt. 
G. 

0.3537 

0.3004 

O.3020 

Salt. 


Fluorine. 

G. 
O.1313 
O.II90 
O.I220 

Metal. 
G. 


43.02 
39  63 
40.68 


Crystals  fresh  from  solution 


0.0365  0.1817  18.09 


o.3537  0.1810  18.89 


0.2892    0.1457 


Salt. 
G. 


Water. 
G. 


18.35 
%. 


O.317I       O.I22I       38.2 
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Coppbr  Fluoride  (Crystals). 

Reference 

No. 

Salt. 
G. 

Fluorine. 
G 

%. 

43 

Titration 

O.3000 

O.1282 

42.76 

59 

Titration 

0.3000 

0.1281 

42.71 

65 

Titration 

0.4220 

O.1808 

43.05 

127 

Precipitation 

0.3612 

O.1519* 

42.20 

*CaF,  +  CaCt04 

Reference 
No. 

Salt. 
G. 

Metal. 
G. 

%. 

59 

Electrolysis 

O.300O 

O.0610 

20.30 

60 

Electrolysis 

O.3000 

0.0602 

20.07 

61 

Electrolysis 

O.3009 

O.0604 

20.06 

79 

Electrolysis 

O.4112 

O.0838 

20.38 

Coppbr  Fluoride  (Crystalline  Crust). 

Reference 
No. 

Salt. 
G. 

Fluorine. 
G. 

%. 

52 

Titration 

0.6087 

0.1692 

27.80 

These  two  are  the  same 

prep- 

53 

Titration 

0.6896 

0.1270 

27.00 

aration 

56 

Titration 

0.5000 

O.I437 

28.75 

74 

Titration 

1.1751 

0.3323 

28.28 

83 

Titration 

0.9401 

O.2646 

28.13 

Refer* 
No. 

nee 

Salt. 
G. 

Metal. 
G. 

%. 

52 

Electrolysis 

0.0609 

0.2814 

46.IO 

53 

Electrolysis 

0.6896 

O.3158 

45.80 

82 

Electrolysis 

O.8219 

O.3767 

45.83 

83 

Electrolysis 

0.9401 

O.4306 

4582 

49 

Electrolysis 

O.3621 

0.1643 

45  40 

Calculations. — In  the  computation  of  the  formulas  for  the  fluorides 
use  was  made  of  the  analyses  on  crystals  which  were  taken  from  the  solu- 
tion, washed,  dried  and  analyzed  immediately.  The  average  of  these 
analyses  was  used. 

In  the  case  of  fluorine  results  from  the  precipitation  by  calcium  chloride 
alone  were  discarded,  as  they  had  been  proven  to  be  inaccurate.  The 
results  used  are  the  average  of  the  fluorine  determinations  by  titration 
and  by  precipitation  by  calcium  chloride  in  the  presence  of  calcium  oxalate. 

For  the  metal  the  calculations  in  the  case  of  cobalt,  nickel  and  copper 
are  the  average  of  results  obtained  from  the  anhydrous  sulfate  and  by 
electrolysis,  with  emphasis  upon  the  latter,  since  in  this  method  the  sources 
of  error  are  reduced  to  a  minimum.  For  manganese  metal  the  calcula- 
tions are  based  upon  the  weight  found  in  the  anhydrous  sulfate  and  in 
the  pyrophosphate. 

For  the  water  use  was  made  of  the  percentage  difference. 

In  some  cases  only  selected  determinations  were  utilized  for  the  cal- 
culations. The  selection  is  given  in  the  last  column  of  the  following 
tables.  A  great  many  more  determinations  were  made  than  are  recorded 
in  the  preceding  tables,  in  order  to  familiarize  ourselves  with  the  possible 
sources  of  error. 
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Cobalt  Fluoride. 
Co  =  19.40  -T-  58.97  —  0.3291  «  x.ooo.    All  determinations. 
F  =»  43.14  +  19.00  =  2.2705  »  6.899.    Nos.  90,  130,  131. 
HtO  =  36.06  -7-  18.00  =  2.0033  =  6.087.    By  difference. 
H  -  r.6. 
The  formula  is  CoFt.5HF.6H1O. 

Nickel  Fluoride. 
Ni  =  19.50  +  58.68  a  0.3323  —  1. 0000.    All  determinations. 
F  =  43-32  -5-  19.00  —  2.2800  =  6.8610.    Nos.  89,  96,  131. 
HiO  =  35.58  -J-  18.00  »  1.9767  —  59485.     By  difference. 
H  -  1.6. 
The  formula  is  NiF,.5HF.6H,0. 

Manganese  Fluoride. 
Mn  =  18.09  •*■  55-oo  =  0.3283  =  1. 000.    No.  76. 
F  =  43.02  -r  19.00  =  2.2640  =  6.889.    No.  76. 
HjO  =  35-58  -r  18.00  »  2.0772  »  6.327. 
H  -  1.5. 
The  formula  is  MnFt.5HF.6HsO. 

Copper  Fluoride. 
(Crystals  by  recrystallization  from  water.) 
Cu  =  20.09  +  63.57  s  0.316  »  1. 000.    All  determinations. 
F  =  42.70  -*•  19.00  »  2.250  =  7.100.    All  determinations. 
HtO  =»  35.61  -s-  18.00  —  1.978  «  6.260.     By  difference. 
H  -  1.6. 
The  formula  is  CuFt.5HF.6HtO. 

Copper  Fluoride. 
(Small  crystals  and  crust  deposited  slowly  from  original  mixture.) 
Cu  =  45.82  -5-  63.57  —  0.747  —  1. 000. 
F  =  28.13  -r  19.00  =  1.480  =  2.036. 
HtO  =  26.05  -r  18.00  =  1.440  =  2.000. 
The  formula  is  CuFt.2HtO. 

We  append  here  the  results  of  a  few  determinations  and  calculations 
on  the  crust  or  powder  formed  in  the  preparation  of  crystals  of  cobalt 
and  nickel  fluorides. 

Cobalt  Fluoride — Crystalline  Crust. 
Reference  Fluorine. 

No.  %.  Metal.  Ratio. 

84  25.09  3399  1  o  :  2.29 

Powder. 
104  24.42*  35-19  1.0:2.154 

Nickel  Fluoride — Powder. 

100  Notdet'd.  34.51 

101  25.46  34.66  1 .0  :  2.26      Made  by  boiling  the  crust. 

•  Average  of  2  determinations  on  the  same  material;  fluorine  also  determined  on 
same  powder. 

The  results  approximate  the  neutral  salt  formula  and  correspond  to 
the  result  for  the  copper  fluoride  crust.  We  do  not,  however,  feel  war- 
ranted in  assigning  formulas. 
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Crystallography. 
From  the  second  recrystallizattoa  in  the  open  air  crystals  were  obtained 
in  ample  quantity  for  crystallographic  investigation  and  analysis.  Some 
of  them  were  as  large  as  20  X  8  mm.  Measurements  were  made  with 
a  Goldschmidt  reflecting  goniometer.  In  general,  the  specimens  were 
found  to  be  extensively  etched  because  of  their  high  solubility.  The 
etching  caused  so  much  dispersion  of  light  that  the  reflected  image  was  not 
as  sharp  as  was  desirable;  therefore  the  readings  were  only  reliable  to 
about  30  seconds. 

Cobalt  Fluoride,  CoFs.5HP.6HtO,  RhombohcdraL— The  cobalt  fluoride  is  orange- 
red;  equivalent  wave-length  610  mm  for  a  plate  2  mm.  thick.1  The  crystals  are  flat- 
tened hexagonal  prisms  capped  by  2  rhombohedrons  of  the  opposite  order  to  the  prisms. 
The  average  angle  between  the  prism  faces  iff  .in'  is  6o°  o'.  For  the  rhombohedrons 
the  angles  from  the  base  are  300  59'  and  500  6',  both  within  «*>8'.  Prom  the  measure- 
ments I  —  1.039;  c  A  f  (10T1)  ■■  500  9'  and  c  A  * (01T2)  «  300  55'«  Distinct  pris- 
matic cleavage  was  observed.  Optically  the  crystals  are  uniaxial  postive  with  approxi- 
mate refractive  indices  measured  by  immersion:  c#  «  1.38(5),  c  «  1.39(7).  Extinction 
is  parallel.    The  sp.  gr.  by  the  Jolly  balance,  using  alcohol  as  immersion  liquid,  is  2.0445. 

It  does  not  seem  worth  while  to  make  drawings  of  the  crystals  because  of  then- 
distortion,  which  was  probably  due  to  their  growing  attached  by  one  side  to  the  dish. 

Nickel  Fluoridei  NiPs.5HP.6H4O,  Rhombohedral.— The  nickel  fluoride  is  blue- 
green;  equivalent  wave-length  510  mm  for  a  plate  2  mm.  thick;  non-pleochroic,  with 
habit,  cleavage  and  general  optical  properties  like  cobalt  fluoride.  Measurements  of 
the  rhombohedrons  gave  the  same  angles  as  the  coblat  salt  Refractive  indices  mea- 
sured on  a  small  prism  gave  the  following  results  for  the  mercury  lines;  the  other  values 
are  interpolated: 

«.  «. 

Hg  436  1 .398  x  .413 

P  1.395  1.4*0 

Hg  578  1 .392  1 .408 

D  1.392—  1.408— 

C  1 .390  1 .406 
Sp.  gr.  in  alcohol,  2.006. 

Manganese  Fluoride,  MnPt.5HP.6HsO. — The  manganese  fluoride  is  light  red 
with  habit  and  general  optical  properties  like  those  of  cobalt  fluoride.  The  average 
angle  between  the  prism  faces  mm'  is  60 °  8'.  The  pyramid  faces  were  so  poorly  de- 
veloped that  it  was  impossible  to  measure  them.    Sp.  gr.  in  alcohol,  1.921. 

Copper  Fluoride,  CuP1.5HP.6HtO,  Monoclinic.— The  copper  fluoride  is  blue-green- 
blue,  equivalent  wave-length  490  mm  for  a  plate  2  mm.  thick.,  and  is  distinctly  pleo- 
chroic.  The  crystals  were  not  perfect  enough  to  determine  by  form.  Microscopically 
they  apparently  show  3  cleavages,  to  one  of  which  they  extinguish  parallel.  This 
cleavage  seems  to  be  parallel  to  a  set  of  faces.  The  extinction  observed  against  another 
apparent  cleavage  is  very  oblique.  A  few  elongated  rough  crystals  and  cleavage 
fragments  were  elongated  in  the  direction  of  a'.  Good  biaxial  interference  figures 
showed  — 2E  —  48 °  *  20,  with  no  observable  axial  dispersion.  The  refractive  indices 
were  measured  carefully  under  the  microscope  by  immersion  as  follows:  a  ~  1.395* 
0  «*  1.440,  y  ■■  1444.    Therefore — 2V  «  32  °.    a  is  least  absorbed. 

1 A  considerable  number  of  these  observations  were  made  or  confirmed  by  H.  £. 
Merwin,  of  the  Geophysical  Laboratory,  to  whom  we  are  accordingly  greatly  indebted. 
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The  evidence  of  monoclinic  symmetry  is  thus  almost  conclusive.  The  examination 
of  the  optical  properties  was  rendered  very  difficult  by  the  rapid  loss  of  crystal  hydrate 
water.    Sp.  gr.  in  alcohol,  2.4055. 

The  crystals  of  the  normal  fluoride,  CuFa.2HsO,  were  too  small  to  measure.  Re- 
crystallization  yielded  the  add  fluoride. 

Isomorphism. — The  chemical  and  optical  examination  thus  showed 
that  the  acid  fluorides  of  cobalt,  nickel  and  manganese  are  isomorphous, 
while  the  similarly  prepared  copper  fluoride,  of  the  same  chemical  formula, 
has  a  different  crystal  form.  The  first  3  are  rhombohedral,  forming  flat- 
tened hexagonal  prisms,  capped  by  2  rhombohedra  of  the  opposite  order 
to  the  prisms.  All  3  showed  prismatic  cleavage,  are  uniaxial  positive  and 
give  parallel  extinction.  The  refractive  indices  of  the  cobalt  and  nickel 
fluorides  differ  by  less  than  1%.  The  indices  of  the  manganese  fluoride 
were  not  measured. 

Summary. 

The  fluorides  of  cobalt,  nickel,  manganese  and  copper  can  be  prepared 
by  dissolving  either  the  hydroxide  or  the  carbonate  of  the  metal  in  hydro- 
fluoric add,  the  same  product  being  obtained,  whichever  is  used.  In 
all  cases  a  crust-like  product  was  obtained  as  the  result  of  evaporating 
the  original  solution.  From  the  water  extract,  slightly  acidulated  with 
hydrofluoric  add,  crystals  of  the  add  fluorides  were  formed  and  analyses 
and  measurements  of  these  crystals  were  made. 

The  formulas  of  all  4  fluorides  are  of  the  same  add  fluoride  type:  MPs. 
5HF.6H20.  It  was  a  surprise  to  obtain  the  add  fluoride  by  recrystalliza- 
tion  from  water,  it  being  considered  more  likely  that  a  basic  salt  would  be 
obtained  under  these  circumstances. 

The  add  fluorides  are  not  permanent  in  the  air  but  decompose,  losing 
hydrogen  fluoride,  and  in  the  case  of  copper  losing  water  also,  so  that  the 
crystals  used  for  analyses  must  be  carefully  sdected  and  preserved.  In- 
vestigation of  the  rate  of  loss  of  hydrogen  fluoride  was  not  undertaken, 
but  our  analyses  were  made  with  crystals  soon  after  being  taken  from  the 
solution  and  in  our  opinion  the  results  are  the  most  reliable  obtainable. 

The  formation  of  a  hydrated,  non-crystalline  crust  is  distinct  from  that 
of  the  hydrated  add  fluoride  crystals.  In  this  crust  the  ratio  of  metal 
to  fluorine,  for  the  cases  of  cobalt  and  nickd,  was  found  to  be,  roughly, 
one  to  two,  with  varying  water  content.  This  crust  differs  from  the  crys- 
tals in  solubility  and  form,  as  well  as  in  composition.  We  have  arrived 
at  the  condusion  that  the  crust  described  by  Berzelius  as  containing  2 
molecules  of  water,  the  crust  later  described  by  Clarke  as  containing  3 
molecules  of  water,  and  the  crust  and  powder  obtained  by  use  are  the 
same,  the  water  content  being  variable  and  the  crystal  form  undevdoped. 
All  were  obtained  in  the  same  manner. 

The  add  fluorides  of  cobalt,  nickd  and  manganese  give  rhombohedral 
crystals,  with  prismatic  deavage,  paralld  extinction  and  uniaxial  positive 
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character.  Since  they  have  the  same  type  of  chemical  formula,  the  same 
crystal  form  and  the  same  habit,  cleavage  and  general  optical  properties, 
we  consider  that  they  constitute  an  isomorphous  series. 

The  acid  fluoride  of  copper  has  the  same  type  of  formula,  but  differs 
crystallographically. 

From  the  original  preparation  of  copper  fluoride  small  crystals  of  the 
normal  fluoride,  C11F2.2H2O,  were  obtained,  which  were  not  good  enough 
for  measurement  and  which  reverted  unexpectedly  to  the  acid  fluoride 
on  recrystallization  from  water. 

The  experimental  work  upon  which  this  article  is  based  was  completed 
in  May,  1918. 

Coiaso*  or  ru»  City  of  Nuw  York, 
Nbw  York,  N.  Y. 


[Contribution  prom  the  Department  of  Chemistry  of  Columbia  University. 
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A  STUDY  OF  THE  SATURATED  POTASSIUM  CHLORIDE 
CALOMEL  CELL. 

By  Harold  A.  Falbs  and  William  A.  Mudge. 

Received  February  6,  1920. 

The  increasing  use  of  the  electromotive  force  method  for  hydrogen- 
ion  measurements,  and  the  variety  of  combinations  employed,  have  in- 
tensified the  desirability  of  devising  a  single  combination  which  will  not 
only  minimize,  as  far  as  possible,  the  inherent  errors  of  this  important 
method,  but  will  give,  in  addition,  an  improved  technique  for  working 
over  a  wide  range  of  temperature,  5-60  °. 

The  combinations  which  have  been  used  to  the  greatest  extent  are 
those  employing  either  the  o.  1  N  or  N  calomel  cell  in  conjunction  with 
either  the  o .  1  Ntl  Nt2  3 . 5  AT,8  or  saturated4  potassium  chloride  salt  bridge. 

In  the  use  of  such  combinations  the  difficulties  are  two-fold:  (a)  those 
due  to  the  changes  in  value  of  the  contact  potentials  brought  about  by 
the  interdiffusion  of  the  respective  solutions  at  their  several  junctions; 
and  (6)  those  due  to  the  change  in  value  of  the  calomel  cell  resulting  from 
the  diffusion  of  the  potassium  chloride  of  the  salt  bridge  into  the  more 
dilute  solution  of  the  salt  in  the  calomel  cell. 

Fales  and  Vosburgh,*  in  a  study  of  Planck's  formula  for  contact  poten- 
1  Loomis  and  Acree,  Am.  Chem.  /.,  46,  585  (191 1);  Myers  and  Acree,  ibid.,  50, 
398  (1913);  Harned,  This  Journal,  37,  2475  (1915);  Fales  and  Vosburgh,  ibid.,  40, 
1302  (1918). 

*  Ostwald.    Ostwald-Luther,  "Physico-chemische  Messungen,"  3rd  Ed.,  p.  445- 

*  Bjerrum,  Z.  physik.  Chem.,  53,  430  (1905);  Fales  and  Nelson,  Tms  Journal, 
37,  2781  (1915). 

4  Loomis  and  Acree,  loc.  tit. ;  Harned,  loc.  cit. ;  Fales  and  Vosburgh,  loc.  til. 

*  This  Journal,  40,  1291  (19 18). 
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tials,  deduced  the  value  of  zero  for  the  contact  potential  i.oM  HCl — 
sat.  KC1,  and  o.i  M  HCl— sat.  KC1  at  25  V  Inferentially  it  follows 
that  the  same  value  of  zero  applies  for  concentrations  of  hydrochloric 
acid  between  1.0M  and  0.1  M,  and  also  for  concentrations  less  than 
o.  1  Af,  e.  g.,  that  the  use  of  saturated  potassium  chloride  in  contact  with 
concentrations  of  hydrochloric  acid  up  to  1.0M  gives  zero  contact  poten- 
tial at  25  V 

The  selection  of  the  saturated  salt  bridge,  therefore,  minimizes  difficulty 
o,  but  still  leaves  difficulty  b,  when  o.iMorM  calomel  cells  are  used. 
The  simple  device  of  substituting  the  saturated  potassium  chloride  calo- 
mel cell  for  the  others  will  also  remove  difficulty  b.  In  view  of  the  above 
considerations  the  logical  procedure  is  to  use  the  saturated  potassium- 
chloride  calomel  cell  in  conjunction  with  a  saturated  salt  bridge,  and 
thereby  eliminate  or  minimize  both  difficulties.* 

The  purpose  of  the  present  investigation  is  therefore  as  follows:  to  study 
the  applicability  of  the  saturated  potassium  chloride  calomel  cell  for  use 
in  systems  of  the  type, 

Combination  (1)  Hg— HgCl  sat.  KC1— sat.  KC1— o.  1  M  HCl— H*(Pt),4 
1  According  to  Planck's  formula,  the  values  for  the  contact  potential  1.0  M  HCl  - 
sat.  KC1  and  0.1  M  HCt-sat.  KC1  at25°  are,  respectively,  0.0170  and  0,0055  volt. 
The  main  argument  that  the  values  are  each  zero,  as  deduced  by  Fales  and  Vosburgh, 
is  that  the  acceptance  of  this  value  leads  to  consistent  results  when  taken  in  conjunction 
with  the  corresonding  electrode  potentials,  and  applied  to  the  28  combinations  studied 
by  them,  whereas  Planck's  values  lead  to  inconsistent  results. 

The  matter  of  the  exact  value  of  contact  potentials  cannot,  however,  be  con* 
sidered  as  settled  in  its  finality  until  (1)  it  is  shown  that  no  other  set  of  values  but  the 
ones  selected  will  give  consistent  results,  or  until  (2)  some  method  is  devised  by  which 
either  electrode  potentials  or  contact  potentials  can  be  measured  independently.  The 
difficulty  in  dealing  with  individual  electrode  potentials,  as  has  always  been  realized, 
is  that  there  are  always  at  least  n  +  1  potentials  to  be  considered  for  every  set  of  n 
combinations  chosen,  that  is.  to  say,  the  experimental  observations  always  give  rise 
to  a  set  of  mdeterminate  equations;  this  indeterminateness  of  the  problem  was  pointed 
out  by  Pales  and  Vosburgh  (foe.  cit.>  p.  1304).  For  a  further  appreciation  of  the  diffi- 
culties in  this  regard,  see  Lewis,  Brighton  and  Sebastian,  This  Journal,  39, 2256  (19 17). 

*  Loomis  and  Acree,  Am.  Chetn.  /.,  46,  621  (191 1),  had  previously  inferred  that 
the  use  of  a  saturated  potassium  chloride  salt  bridge  would  eliminate  the  contact  poten- 
tial between  it  and  0.1  Af  hydrochloric  add  at  25  °. 

*  MichaeHs,  it  seems,  was  the  first  to  propose  the  use  of  the  saturated  potassium 
chloride  calomel  cell  in  conjunction  with  a  saturated  salt  bridge.  In  his  monograph, 
"Die  Wasserstoffionen-Konzentration,"  Julius  Springer,  Berlin,  1914,  p.  150,  he  recom- 
mends this  scheme,  and  gives  figures  for  the  combination: 

Hg-HsClsat.  KCl-*at  KC1-  {  £  £  »£™>  }  -H,(Pt) 

for  the  temperature  range  15-38  °  with  the  comment,  however,  that  his  values  may 
be  in  error  by  2  or  2.5  millivolts. 

Fales  and  Ware,  This  Journal,  41,  487  (19 19),  used  this  combination,  and  pro- 
visionally gave  the  value  of  the  electrode  potential  Hg-HgCl  sat.  KC1-  as  0.5272  volt 
at  250. 
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and  to  compare  its  use  for  such  purposes  with  the  o.iM  and  M  potassium- 
chloride  calomel  cells   respectively,  throughout  the   temperature  range 

5-6o°. 

Experimental. 

Water-baths,  Potentiometer,  and  Galvanometer. — Two  baths,  Nos.  i 
and  2,  were  used;  the  former  was  controlled  to  within  =**o.02°f  and  the 
latter  to  within  =*=o.oi°.  From  Combination  8,  Table  IV,  it  will  be 
seen  that  the  difference  in  e.  m.  f.  between  any  50  is  about  0.003  volt; 
this  is  equivalent  to  0.000006  volt  per  0.010,  and  shows  that  both  tem- 
perature regulations  were  well  within  the  required  precision. 

The  null  method  was  employed  and  the  e.  m.  f .  determined  by  means 
of  a  Leeds  and  Northrup  potentiometer  and  a  D'Arsonval  galvanometer. 
The  latter  had  a  sensibility  of  280  megohms,  a  period  of  2.5  seconds, 
and  a  total  resistance  of  444  ohms.  A  Weston  cell  was  used  as  a  primary 
standard  of  reference;  it  had  been  calibrated  by  the  U.  S.  Bureau  of 
Standards,  checked  against  another  standard  cell  in  the  department, 
and  found  to  have  a  value  of  1 .0183  volts  at  200. 

Types  of  Cells. — The  calomel  electrode  described  by  Pales  and  Vos- 
burgh,1  and  the  bubbling  hydrogen  cell  were  used  throughout  the  work. 

Making  New  Calomel  Cells. — At  first  the  mercury  and  the  calomel 
in  a  calomel  cell  were  not  removed  from  the  cell  when  it  was  desired  to 
make  up  a  new  cell;  only  the  solution  ofo.iMorM  potassium  chloride 
above  the  calomel  was  replaced.  In  every  case  the  value  of  the  new  cell 
was  not  appreciably  different  from  the  old  value  before  the  fresh  potas- 
sium chloride  solution  had  been  added.  One  case  is  cited  as  an  illustra- 
tion: ao.iM  calomel  cell,  Be,  was  employed  in  Combination  6  and  gave 
an  observed  value  for  the  combination  at  25  °  of  o .  3934  volt  (theory  o .  4016 
volt).1  When  the  potassium  chloride  solution  in  the  cell  had  been  re- 
placed by  some  fresh  solution,  the  value  of  the  combination  was  0.3935 
volt.  The  entire  contents  of  the  cell  were  then  removed,  the  cell  thor- 
oughly cleaned  and  prepared  again  with  all  fresh  materials.  The  re- 
sulting value  of  the  combination  was  0.4015  volt. 

This  would  seem  to  indicate  that  whenever  a  new  cell  is  prepared  an 
entire  change  of  materials  must  be  effected  if  accurate  values  are  de- 
sired. It  is  quite  possible  that  there  is  an  adsorption  of  the  potassium 
chloride  by  the  calomel,  and  this  phenomenon  would  not  be  altered  by 
a  simple  substitution  of  some  fresh  solution.  This  point  would  undoubt- 
edly bear  further  investigation. 

Hydrogen  Electrodes  and  Hydrogen. — Platinum  electrodes  of  plate 
form,  2  cm.  long  X  1  cm.  wide  X  0.025  cm.  thick,  platinized  with  plat- 

1  This  Journal,  40, 1305  (1918). 

*  This  particular  cell  had  shown  a  decrease  in  its  e.  m.  f.,  due  to  diffusion  into  it  of 
potassium  chloride  from  the  salt  bridge;  hence  the  low  value  of  the  combination. 
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inum  blade,  were  used.    They  were  reblacked  several  times  during  the 
work,  whenever  any  2  gave  a  greater  difference  than  0.0002  volt. 

Compressed  hydrogen  was  used  exclusively;  it  was  passed  successively 
through  alkaline  permanganate  solution,  alkaline  pyrogallate  solution, 
water,  and  cotton  wool  to  purify  it;  then  through  a  hydrochloric  acid  solu- 
tion of  the  same  concentration  as  that  employed  in  the  hydrogen  cell; 
the  rate  of  flow  was  about  2  or  3  bubbles  per  second. 

Liquid  Junctions. — The  liquid  junctions  were  made  by  dipping  the 
ends  of  the  siphon  tubes  of  the  component  cells  into  a  saturated  solution 
of  potassium  chloride  contained  in  a  small  beaker,  the  amounts  of  the 
solutions  in  all  parts  of  a  combination  being  so  adjusted  that  all  menis- 
cuses  were  on  the  same  level.  At  the  beginning  of  the  work  small  wooden 
plugs  or  toothpicks  were  used  in  the  ends  of  the  siphon  tubes  to  prevent 
any  mechanical  mixing  of  the  solutions.  With  these  it  was  often  found 
that  duplicate  measurements  of  a  combination  did  not  agree  to  a  closer 
precision  than  =4=0.0005  volt.1  Investigation  showed  that  this  varia- 
tion was  due  solely  to  the  change  in  contact  potential  and  not  to  any 
change  in  the  value  of  the  electrode  potential;  a  conclusion  which  is  con- 
firmed by  the  fact  that  the  loosening  or  tightening  of  the  wooden  plugs 
in  the  ends  of  the  siphon  tubes  would  cause  an  immediate  change  in  the 
value  of  the  combination.  By  using  small  cones  of  cotton  wool  fitted 
snugly,  but  not  tightly,  into  the  siphon  tubes  of  all  the  cells  of  a  combina- 
tion, the  present  authors  found  that  they  could  duplicate  their  results 
with  ease  at  any  time  with  a  precision  of  =*=o.oooi  to  =±=0.0002  volt.  This 
method  was,  therefore,  adopted  and  the  values  reported  in  this  work  are, 
unless  otherwise  specified,  those  obtained  by  using  cotton  plugs. 

With  respect  to  the  reproducibility  which  is  thus  gained  by  the  use 
of  cotton  plugs,  it  is  possible  that  the  greater  space  between  the  fibers 
of  the  cotton  than  between  the  cells  of  the  wood  allows  a  more  even  and 
rapid  diffusion  of  the  2  liquids  to  their  point  of  juncture,  with  the  result 
that  contact  is  made  through  the  plug  when  cotton  is  used,  instead  of 
around  the  plug  as  is  the  case  when  wood  is  used.1 

1  See  the  work  of  Fales  and  Vosburgh,  he.  cit.,  who  used  wooden  plugs,  and  com- 
mented on  the  variability  of  measurements  caused  by  the  interdiffusion  which  occurs 
at  liquid  junctions. 

1  Attention  must  be  called  to  the  admirable  and  quite  different  "flowing  junction" 
method  of  Lewis,  Brighton  and  Sebastian,  This  Journal,  39,  2254  (1917)1  and  of 
Lamb  and  Larson,  ibid.,  42,  1229  (1920),  for  establishing  constancy  of  contact  condi- 
tions and  insuring  reproducibility  of  results.  In  view  of  the  theoretical  excellence 
of  the  "flowing  junction"  method,  it  would  be  of  great  service  to  the  study  of  e.  m.  f . 
measurements  to  have  all  other  methods  critically  compared  with  it.  In  the  meantime 
it  is  certainly  worth  while  to  state  that  the  L.  B.  and  S.  method  allows  duplication  of 
results  to  be  obtained  within  one  or  two  minutes  after  making  contact,  and  it  would 
seem,  therefore,  to  be  particularly  desirable  for  those  combinations,  where  large  contact 
potentials  exist. 
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Preparation  of  Materials  and  Solutions. — Conductivity  water  was 
obtained  by  distilling  ordinary  distilled  water  through  a  block  tin  con- 
denser from  alkaline  permanganate  solution,  and  kept  in  Non-sol  bot- 
tles. It  was  used  throughout  the  work  except  for  making  saturated 
potassium  chloride  solution  for  the  salt  bridge,  when  ordinary  distilled 
water  was  used.  In  order  to  prevent  any  contamination  of  the  salt 
bridge  it  was  renewed  every  2  or  3  days  with  fresh  solution. 

The  mercury  employed  in  the  preparation  of  the  calomel  cells  was 
washed  several  times  with  nitric  acid  according  to  the  method  of  Hilde- 
brand,1  then  filtered  through  a  clean  diy  towel,  and  finally  distilled  under 
reduced  pressure  with  access  of  air  as  proposed  by  Hulett.2 

But  one  lot  of  calomel  was  used,  a  commercial  "c.  p."  grade;  it  was 
tested  for  iron  and  non-volatile  residue  and  found  satisfactory.  A  suffi- 
cient amount  was  put  in  a  Non-sol  bottle  together  with  a  little  pure  mer- 
cury and  about  400  cc.  of  potassium  chloride  solution  of  the  desired  con- 
centration; this  mixture  was  then  shaken  intermittently  for  2  days  be- 
fore being  used.8 

Table  I. — Specific  Gravities  and   Densities  op  Solutions. 

(1.0  M  HC1).       1.022  M  HC1*  (0.1  M  HC1)        0.1003  *£  HO 

Temp.  Sp.  gr.  Density  ■       Mote  per  Sp.  gr.  Density         Mols  per 

•.  IV*\  #°/4V  liter.  #V«V  <°/4°.  liter. 

5 1 .0188  1 .0188  I.004  I.0020  I.O020  O.IOO3 

IO I .0182  I .0179  I.003  I .OOI8  I .0015  O.I002 

15 1.0179  1 .0170  1.002  I .0018  1 .0010  O.IOOI 

20 ••••  1 .000  ....  .....  O.IOOO 

25 1.0176  1 .0146  0.999  1 .0018  0.9990  0.0999 

40 1.0169  I. 0091  0.993  I. 0016  0.9939  0.0993 

45 1 .0169  1. 0071  0.991  1 .0016  0.9920  0.0991 

5o 1. 0169  1.0049  0.989  1 .0016  0.9898  0.0989 

55 1 .0167  1.0023  0.987  1 .0016  0.9875  0.0987 

60 1. 0166  0.9997  0.984  1. 0015  0.9848  0.0984 

(1 .0  M  KC1)        1 .030  M  KC1  (0.1  M  KC1)        0.1004  *£  KC1 

5 1.0482  1.0482  1.004  1.0049  1.0049  0.1002 

10 10473  1.0470  1.003  1.0050  1.0047  O.IOOI 

15 1 .0466  1 .0457  1 .002  1 .0049  1 .0040  O.IOOI 

20 1 .000        O.IOOO 

25 1.0462   1. 0431   0.999     1.0048   1. 0019   0.0999 

40 1.0454   1.0374   0.993     1.0044   0.9967   0.0993 

45 1.0453         1.0352        0.991  10043        0.9946        0.0991 

50 10452         1.0329        0.989  10044        0.9925        0.0989 

55 1.0452         1.0304        0.986  10045        0.9902        0.0987 

60. .!....     1. 0451         1.0277        0.984  10044        0.9877        0.0984 

•  By  M  is  understood  the  No.  of  mols  per  1000  g.  of  water.  M  indicates  true  mob. 

1  This  Journal  31,  933  (1909). 

*  Z.  physik.  Chem.,  33»  611  (1900). 

1  Fales  and  Vosburgh,  he.  cit.t  used  3  lots  of  calomel:  an  imported,  a  domestic, 
and  that  prepared  by  the  electrolytic  method  of  Ellis,  This  Journal,  38,  740  (1916). 
They  noticed  no  difference  between  cells  prepared  with  any  one  of  the  3  lots  of  calomel 
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The  various  standard  solutions  employed  in  preparing  the  several 
cells  were  made  up  as  described  by  Fales  and  Vosburgh.    In  order  to 
extend  the  data  given  by  those  authors,1  the  specific  gravities,  densities 
and  molar  concentrations  of  the  standard  solutions  are  given  above  in 
Table  I  for  temperatures  not  considered  by  them. 
Comparison  of  the  Values  of  the  Saturated  Potassium  Chloride  Calome 
Cell  with  Potassium  Chloride  Calomel  Cell  of  Different 
Concentrations,  at  25°. 
The  starting  point  in  the  investigation  was  to  study  the  system,  Com- 
bination 2 

Hg— HgCl*MKCl— sat.   KC1— 0.1MHCI— H2(i Atmos.)  Pt,  at  25  °, 
where  x  varies  from  0.1  M  to  saturation  (4.12  M).    The  results  are 
given  in  Table  II. 

Table  II. — Values  of  Combination  2  at  25  °. 


Cone.  KC1. 

At.  obs.  value  of 
combination  2  (volt). 

No.  of 
detns. 

Av 
iog 

bar.  read- 
(mm.  Hg). 

Av.  corr.  value"  to 
1  atmos.  Ha  (volt). 

O.I  M 

O.4016    =*=  0.0002 

39 

759 

O.4020  =*=  O.O002 

0.5 

0.3642  «*=  O.OOOI 

8 

761 

0.3646  *  O.OOOI 

1 .0 

0-3479  "*=  O.0002 

90 

760 

O.3483   «*=  0.0002 

2.0 

O.3321    =*=  O.OOOI 

8 

760 

03325  =*=  O.OOOI 

3.0 

0.3209  «*=  O.OOOI 

8 

760 

0.3213  =*=  O.OOOI 

Saturated 

0.3099  ***  0.0002 

IOI 

761 

O.3IO3   ±  0.O0O2 

•  For  correction  of  values  to  1  atmos.  Hi,  see  paragraphs  beaded  "Correction  for 
Barometric  Pressure." 

From  the  values  given  in  the  last  column  of  Table  II,  the  values  of  the 
several  electrode  potentials 

Hg— HgClsM  KC1 
may  be  obtained  by  correcting  for  \he  small  contact  potentials  existing 
between  the  saturated  potassium  chloride  solution  of  the  salt  bridge  and 
the  less  concentrated  solution  of  the  same  salt  in  the  calomel  electrode. 
These  values  for  the  o.i,  0.5,  1.0,  2.0  and  3.0 M  potassium  chloride 
solutions  in  contact  with  the  saturated  gait  bridge  have  been  calculated 
from  Nernst's  formula, 

E  =  RT  — r—  logp, 
u  +  v        Ci 

and  found  to  be:  0.0006,  0.0003,  0.0002,  0.0002  and  0.0001  volt,  re- 
spectively. Using  these  values  and  the  value  0.5648  volt  for  the  elec- 
trode potential,  Hg— HgCl  1 .0  M  KC1  at  25  °2  we  get  as  the  values  of  the 
several  electrode  potentials  the  results  given  in  Table  III  and  expressed 
graphically  in  Fig.  1. 

1  Loc.  cit.,  p.  1309.  It  is  also  desired  to  point  out  that  the  values  for  the  several 
solutions  at  the  temperatures  of  15  °  and  180,  as  given  by  F.  and  V.,  are  incorrect  due 
to  an  error  in  calculation. 

*  See  Fales  and  Vosburgh,  loc.  cit.,  for  the  selection  of  the  value  0.5648  volt. 
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Table  III.— Electrode  Potentials  op  Several  Potassium  Chloride  Calomel 

Ckw*  at  25  °. 

Cell  Hg-HgCl  %U  CO.  Electrode  potential  (toK). 

O.I  0.6177 

0.5  •  O.5808 

I.O  0.5648 

2.0  O.5488 

3.0  0.5377 

Sat.  KC1  0.5266 

Relation  of  Pole  Potential  Difference  to  Concentration  ofKOat2S'C 

0.6200 
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Concentration  KClin  Calomel  Cell 
Fig.  1 


4.0M 


From  Fig.  1  it  can  readily  be  seen  that  the  e.  m.  f .  of  the  calomel  cell 
changes  more  rapidly  when  the  concentration  of  the  potassium  chloride 
is  more  dilute.  From  this  one  consideration  alone,  neglecting  for  the 
moment  the  fact  that  the  saturated  cell  would  eliminate  both  the  error 
due  to  diffusion  and  that  due  to  the  change  of  contact  potential,  it  is 
obvious  that  the  saturated  potassiurfi  chloride  calomel  cell  would  be  the 
safest  cell  to  use. 

Correction  for  Barometric  Pressure. 

In  order  to  obtain  the  absolute  value  of  any  combination  in  which  a 
hydrogen  cell  is  employed,  it  is  necessary  to  determine  the  correction  which 
must  be  applied  to  the  electrode  potential  of  the  hydrogen  cell  on  account 
of  the  barometric  pressure  and  the  temperature  at  which  the  measure- 
ment is  made.    In  the  combination 

Hg— HgCl  xM  KC1— yM  KCl—zM  HC1— H,(Pt) 

if  we  decrease  the  pressure  of  the  hydrogen,  the  value  of  b  will  increase. 
Therefore,  when  the  pressure  of  the  hydrogen  is  less  than  one  atmosphere 
the  value  of  b  will  be  greater  than  the  value  which  it  has  when  the  pressure 
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of  hydrogen  is  equal  to  one  atmosphere,  while  the  value  of  the  whole  com* 
bination  will  be  correspondingly  low  because  the  electrode  potentials  a  and  6 
are  oppositely  directed.  Consequently  if  we  know  the  variation  in  b, 
we  can  apply  the  necessary  correction  by  subtracting  it  from  the  elec- 
trode potential  zM  HO — Hj(Pt),  or  by  adding  it  to  the  observed  value 
of  the  combination. 

Two  standards  of  reference  may  be  adopted:  correction  to  one  atmo- 
sphere of  hydrogen;  or  correction  to  one  atmosphere  total  pressure,  e.  g.9 
one  atmosphere  as  indicated  by  the  barometer. 

Correction  to  One  Atmosphere  of  Hydrogen. 

Assuming  that  the  partial  pressure  of  the  hydrogen  above  the  solution 
bathing  the  hydrogen  electrode  is  equal  to  the  observed  barometric  pressure 
less  the  vapor  pressure  of  water,1  and  making  the  calculations  according 
to  the  formula 

"  2F  In  i/P 
we  obtain  the  graph  given  in  Pig.  2,  where  the  correction  is  plotted  as  a 
function  of  the  observed  barometric  pressure. 

Correction  for  Barometric  Pressure  to 
1  Atmosphere  of  Hydrogen 

^00030 
«  0>  000*0 
^QQOOIO 

^;§ 

§|aoooo 

<  «  -00010 


Observed  Barometric  Reading  (mm.Hg) 

Fig.  2. 


While  this  assumption  holds  for  dilute  solutions  and  temperatures 
around  25  °f  it  is  very  probable  that  the  relationship  is  different  for  con- 

1  For  concentrated  solutions,  this  would  not  be  strictly  true,  since  the  vapor  pressure 
of  concentrated  solutions  may  depart  considerably  from  that  of  water. 
*  See  Harned,  This  Journal,  37*  2465  (1915). 


Digitized  by  VjOOQIC 


2442  HAROLD  A.  FALES  AND  WILLIAM  A.  MUDGB. 

centrated  solutions  and  high  temperatures,  say  above  50  °.  It  would 
seem  a  safer  procedure,  in  general,  therefore,  to  refer  all  measurements  to 
one  atmosphere  total  pressure. 

Correction  to  One  Atmosphere  Total  Pressure. 
In  the  present  work  the  extreme  barometric  pressures  observed  over  a 
period  of  8  months  were  755  mm.-— 770  mm.,  with  an  average  of  762 . 5  mm. 
It  can  readily  be  seen  that  this  deviation  of  about  10  mm.  from  the  aver- 
age would  correspond  to  a  correction  which  is  less  than  the  experimental 
error  involved  in  the  measurements  of  the  systems.  The  authors,  there- 
fore, propose  to  neglect  the  correction  when  one  atmosphere  total  pressure 
is  used  as  a  standard,  and  to  employ  it  only  when  it  shall  be  necessary 
to  refer  to  one  atmosphere  of  hydrogen,  as  in  Table  II,  where  the  ulti- 
mate or  absolute  value  of  the  different  combinations  was  desired. 

Comparison  of  Cells  at  300,  350,  and  40 °. 

In  order  to  compare  the  relative  merits  of  the  saturated,  M  and  0.1  M 
potassium  chloride  calomel  cells,  3  of  each  type,  which  we  shall,  respec- 
tively designate  "S,"  "A,"  and  "B"  were  placed  in  a  constant  tempera- 
ture bath  along  with  three  0.1M  hydrochloric  acid  cells,  "D.M  The  calomel 
cells  were  not  disturbed  from  day  to  day,  but  the  hydrogen  cells  were  re- 
moved from  the  bath  after  each  day's  measurements,  thoroughly  washed, 
and  each  platinum  electrode  allowed  to  stand  overnight  in  distilled  water. 
The  next  day  the  hydrogen  cells  were  prepared  with  fresh  acid.  This 
procedure  gave  many  duplicate  determinations  of  the  same  calomel  cell, 
and  served  to  make  the  results  more  reliable.  After  the  value  of  the  various 
combinations  had  been  obtained  at  any  one  temperature,  the  tempera- 
ture of  the  bath  was  raised  through  an  interval  of  50.  It  was  originally 
intended  to  extend  the  measurements  for  all  3  calomel  cells  over  the  range 
of  25  °  to  60 °,  but  it  was  soon  plainly  evident  that  the  lack  of  merit  of  the 
M  and  o .  1  Af  calomel  cells  did  not  warrant  the  necessary  time  or  labor. 

Each  cell  in  the  bath  was  measured  against  the  other  11,  using  a 
saturated  potassium  chloride  salt  bridge.  This  gave  the  following  com- 
binations. 

(3)  Hg— HgCl  o.  1  M  KC1— sat.  KC1—  sat.  KC1  HgCl— Hg, 

(4)  Hg— HgCl  1 .0  M  KC1— sat.  KC1— sat.  KC1  HgCl— Hg, 

(5)  Hg— HgCl  o.  1  M  KC1— sat.  KC1— 1 .0  M  KC1  HgCl— Hg 

(6)  Hg— HgCl  o.  1  M  KC1— sat.  KC1— o.  1  M  HC1— H,(Pt), 

(7)  Hg— HgCl  i.oilf  KC1— sat.  KC1— o.  1  M  HC1— H,(Pt) 

(8)  Hg— HgCl  sat.  KC1— sat.  KC1— o.  1  M  HC1— H2(Pt) 

The  combinations  were  always  kept  at  one  temperature  until  observa- 
tions of  2  successive  days,  with  renewals  of  the  hydrochloric  acid  in  the 
hydrogen  cells,  did  not  differ  from  each  other  by  more  than  the  experi- 
mental error,  ±0.0002  volt.    Combination  8  was  measured  throughout 
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the  temperature  range,  50  to  6o°,  but  measurements  of  the  other  5  com- 
binations were  abandoned  at  400.  The  results  are  given  in  Table  IV,  all 
observations  being  expressed  in  volts,  and  the  values  for  Combinations 
6,  7,  and  8  being  referred  to  one  atmosphere  total  pressure. 
Table  IV.— The  e.  m.  f.  of  the  Saturated,  M,  and  o.i  M  Potassium  Chloride 
Calomel  Cells  at  25-40°.* 

Temp.  No.  of  Time.  Average  ber. 

0  C.  detna.  Days.  reading  (mm.  Hg).  Average  e.  m.  f.  (volt). 

(3)  Hg-HgCl  0.1   M  KCl-sat.  KCl-sat.  KC1  HgCl-Hg. 

25 36  4  760  0.0918*0.0002 

30 27  3  760  0.0904*0.0034 

35 9  1  761  o  .0902  *  o  .0033 

40 9  1  757  0.0759*0.0149 

(4)  Hg-HgCl  1.0  M  KCl-sat.  KCl-sat.  KC1  HgCl-Hg. 

25 36  6  760  o .0387  *  0.0002 

30 27  3  760  0.0397*0.0005 

35 6  1  761  0.0404*0.0004 

40 6  1  757  0.0386*0.0022 

(5)  Hg-HgCl  0.1  M  KCl-sat.  KCl-1.0  M  KC1  HgCl-Hg. 

25 28  4  760  0.0533*0.0002 

30 27  3  760  0.0508*0.0035 

35 9  1  761  0.0513*0.0028 

40 9  1  757  0.0407*0.0148 

(6)  Hg-HgCl  0.1  M  KCl-sat.  KCl-0.1  M  HCl-Hi(Pt).* 

25 39  5  760  o  .4016  *  o  .0002 

30 27  3  760  0.3971*0.0035 

35 18  2  760  0.3967*0.0031 

40 27  3  756  0.3782*0.0123 

(7)  Hg-HgCl  1. o  M  KCl-sat.  KCl-0.1  M  HCl-H,(Pt).* 

25 90  10  759  0.3479  *  o .0002 

30 18  2  760  0.3462*0.0005 

35 18  2  760  0.3443*0.0005 

40 27  3  756  0.3411*0.0029 

(8)  Hg-HgCl  sat.  KCl-sat.  KCl-0.1  M  HCl-H,(Pt). 

25 108  12  761  0.3099*0.0002 

30 27  3  760  0.3070*0.0001 

35 27  3  760  0.3042*0.0001 

40 36  4  756  0.3014*0.0001 

45 27  3  762  o  .2996  *  o  .0002 

50 27  3  758  0.2966*0.0001 

55 36         4         762  o  .2942  *  o  .0002 

60 18         2         763  0.2919*0.0002 

%     *  The  following  individual  cells  were  used:    B7,  B8,  B§;  A4,  A*,  A7;  Si,  S3,  St,  S<; 

and  Di,  Ds,  Di. 

*  For  combination  6  at  25  °  and  one  atmos.  Hi  the  following  values  are  reported 

in  the  literature:    Fales  and  Vosburgh,  This  Journal,  4<>>  1314  (1918),  0.3991  volt; 

Bjerrum,  Z.  physik.  Chem.,  53,  430  (1905).  0.4012  volt;  Harned,  loc.  cit.t  0.4000  volt; 

Myers  and  Acree,  Am.  Chem.  J.t  50,  411  (1913)*  0.4012  volt. 

e  For  combination  7  at  25  °  and  one  atmos.  of  Ht,  Fales  and  Vosburgh,  loc.  «/., 

found  0.3470  volt;  Harned,  loc.  cit.,  0.3491  volt. 
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The  results  given  in  Table  IV  show  that  the  M  and  o.  i  M  potassium 
chloride  calomel  cells  are  entirely  unreliable  above  25  °  when  used  in  con- 
junction with  a  saturated  potassium  chloride  salt  bridge.  In  every  case 
the  average  deviation  increases  with  temperature  and  is  far  greater  than 
the  experimental  error,  being  0.012-0. 015  volt  at  40 °,  and  due  as  we 
shall  show  later,  to  the  diffusion  of  the  saturated  solution  from  the  salt 
bridge  into  the  Af  or  0.1  M  solution  in  the  calomel  cell.  It  is  also  evident 
that'  the  saturated  potassium  chloride  calomel  cell  shows  marked  super- 
iority over  the  other  2  calomel  cells  for  use  under  the  above  conditions. 
The  System,  Hg— HgCl  sat  KC1— sat  KC1— 0.1  Af  HCt— H*(Pt),  from 
5°  to  6o°,  Also  Four  Other  Systems. 

In  order  to  test  the  saturated  potassium  chloride  calomel  cell  further 
and  to  obtain  its  temperature  coefficient  the  saturated  cells  Si  and  Si,1 
together  with  8  new  ones,  St,  Si,  ...  Su,  were  used  in  conjunction  with 
four  o.  1  Af  hydrochloric  acid  hydrogen  cells,  Di,  D*  Da,  D4,  as  follows 
the  odd-numbered  cells  of  each  kind  were  placed  in  Bath  1,  which  was 
maintained  at  25 °,  while  the  even-numbered  cells  were  placed  in  Bath  2, 
which  was  varied  from  5  °  to  6o°.  The  saturated  potassium  chloride  solu- 
tion serving  as  a  salt  bridge  in  Bath  x  was  connected  to  that  serving  in 
Bath  2,  by  means  of  a  siphon  tube  of  0.5  cm.  diameter;  this  tube  con- 
tained saturated  potassium  chloride,  and  had  its  ends  stopped  with  small 
cotton  plugs,  similar  to  those  used  in  the  ends  of  the  siphon  tubes  of  the 
component  cells.  Before  any  measurements  were  made,  the  platinum 
electrodes  of  the  hydrogen  cells  were  carefully  blackened  with  platinum 

Table  V. 

(8)  Hg-HgCl  sat.  KCl-sat.  KCl-0.1  M  HCl-H,(Pt). 

5-*>°  5-*o° 

Temperature. 


Calomel. 

Hydrogen. 

No.  of 

Time. 

Avenge 
bar.  reeding 

Average  e.  m.  f  . 
1  atmoa.  total 

• 

• 

detna. 

Days. 

(mm.  Hg). 

pressure  (rolt). 

5 

5 

8 

2 

767 

O.3183  ^  O.OOO I 

10 

10 

6 

3 

765 

0.3161  ■**  O.OOOI 

15 

15 

6 

2 

766 

0.3143  **  O.OOOI 

20 

20 

8 

2 

764 

0.3122  **  O.OOOI 

25 

25 

20 

3 

765 

0.3100  «*»  O.OOOI 

30 

30 

4 

770 

0.3070  **  O.OOOI 

35 

35 

4 

765 

0.3043  **  O.OOOI 

40 

40 

4 

770 

0.3016  *  O.OOOI 

45 

45 

4 

766 

0.2997  "*  0.0002 

50 

SO 

4 

755 

0.2966  «*»  O.OOOI* 

55 

55 

4 

762 

0.2942  «*»  0.0002 

60 

60 

4 

762 

0.2917  ^  0.0002 

1  The  2  cells  Si  and  Si  had  already  been  employed  in  obtaining  the  values  given 
in  Table  IV;  their  further  use  was  to  give  information  as  to  their  reliability  for  continued 
use  after  having  been  passed  through  the  temperature  range  25  °  to  60  °  and  back 
again  to  25°. 
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Tabu*  V  (continued). 
(9)  Hfc-HgCl  sat.  KCl-sat.  KCl-sat.  KC1  HgO-Hg, 


Temperature. 


5-6o° 


«5" 


Calomel 

Calomel. 

No.  of 

Time. 

Average 
bar.  reading 

• 

o^ 

detna. 

Day*. 

(mm.  Hg). 

5 

25 

8 

2 

767 

10 

25 

8 

3 

765 

15 

25 

8 

3 

766 

20 

25 

8 

2 

764 

25 

25 

4 

765 

30 

25 

4 

77O 

35 

25 

4 

765 

40 

25 

4 

770 

45 

25 

4 

766 

50 

25 

4 

755 

55 

25 

4 

762 

60 

25 

4 

762 

Average 
1 


O.OO42 
O.OO35 
O.OO25 
O.OOI4 
O.OOOI 
O.OOII 
0.0023 
O.OO30 
0.0040 
O.OO50 
O.OO59 
O.OO68 


e.  m.  f. 
total 
(▼olt). 

■  O.OOOI 

0.0002 

O.OOOI 
O.OOOI 
O.OOOI 
O.OOOI 
O.OOOI 

0.0002 

O.OOOI 
O.OOOI 
O.OOOI 

0.0002 


(10)  Hg-HgCl  sat.  KCl-sat.  KCl-0.1  M  HCl-H,(Pt), 

5-*>°  25° 

Calomel.    Hydrogen. 


5 

25 

10 

25 

15 

25 

20 

25 

25 

25 

30 

25 

35 

25 

40 

25 

45 

25 

50 

25 

55 

25 

60 

25 

8 
12 

8 

6 

20 

4 
4 
4 
4 
4 
4 
4 


767 
765 
766 
764 

765 
770 
765 
770 
766 

755 
762 
762 


0.3052 

«*s  O.OOOI 

0.3061 

«*=  0.0002 

0.3072 

*  O.OOOI 

0.3086 

=*»  O.OOOI 

0.3100 

«*=  O.OOOI 

0.3111 

*  O.OOOI 

0.3119 

*  O.OOOI 

0.3129 

<fc  O.OOOI 

0.3136 

*  O.OOOI 

0.3142 

*  O.OOOI 

0.3150 

*  O.OOOI 

0.3162 

*  0.0002 

(11)  (Pt)H,-o.i  M  HCl-*»t  KCl-o.i  M  HCl-H.(Pt). 

S-6o°  95° 

Hydrogen.  Hydrogen. 


5 

25 

10 

25 

15 

25 

20 

25 

25 

25 

30 

25 

35 

25 

40 

25 

45 

25 

50 

25 

55 

25 

60 

2.r 

8 

8 

12 

8 

4 
4 
4 
4 
4 
4 
4 
4 


767 

765 
766 
764 

765 
770 

765 
770 
766 

755 
762 
762 


O.OI22 

db 

O.OOOI 

0.0096 

d= 

0.0002 

0.0066 

db 

O.OOOI 

0.0034 

* 

O.OOOI 

O.OOOI 

db 

O.OOOI 

0.0049 

db 

O.O0O2 

0.0087 

db 

O.OOOI 

0.0125 

db 

O.OOOI 

0.0146 

db 

O.OOOI 

0.0181 

db 

0.0002 

0.0216 

db 

0.0002 

0.0260 

ds 

0.0002 
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Table  V  (continued). 
(12)  Hg-HgCl  sat.  KCl-sat.  KCl-0.1  M  HCl-H,(Pt). 

250  5-6o° 

Temperature. 


Hydrogen. 

Calomel 

• 

No.  of 
detna. 

Time. 
Days. 

Average 

bar.  reading 

(mm.  Hg). 

Average  e.  m.  f. 

1  atrnot.  total 

pressure  (volt). 

5 

25 

8 

2 

767 

O.3230  «*»  O.OOO I 

xo 

25 

8 

3 

765 

0.3x94    :*>  O.OOO  I 

15 

25 

8 

2 

766 

0.3x63  «*»  0.O0O2 

20 

25 

6 

2 

764 

O.3128  «*=  0.0002 

25 

25 

20 

3 

765 

O.3100  **=  O.OOO  I 

30 

25 

4 

770 

O.3070  ^  O.O0O2 

35 

25 

4 

765 

O.3031  **  O.OOO  I 

40 

25 

4 

770 

O.3003  *  0.0002 

45 

25 

4 

766 

O.2964  «*=  O.0O02 

50 

25 

4 

755 

0.2926    s*=    0.0002 

55 

25 

4 

762 

0.2886  «*=  0.0002 

60 

25 

4 

762 

0.2842  «*=  0.0002 

black  until,  on  subsequent  trial,  identical  values  were  obtained  when  they 
were  checked  against  a  saturated  calomel  cell  of  known  value.  When 
the  hydrogen  cells  containing  these  electrodes  were  measured  against 
each  other,  there  was  no  difference  in  e.  m.  f.  Each  cell  in  Bath  1  was 
measured  against  each  cell  in  Bath  2,  thus  giving  additional  data  for 
Combination  8  as  well  as  data  for  4  other  combinations,  namely,  9,  10, 
1 1  and  12,  as  contained  in  Table  V. 

The  Electrode  Potentials  of  the  Calomel  and  Hydrogen  Cells. 

The  value  of  the  electrode  potential  Hg— HgCl  1.0M  KC1  at  180  is 
taken  as  the  standard  as  adopted  by  Ostwald1  with  the  value  0.5600 
volt.  This  is  equivalent  to  0.5648  volt  at  25 °*  and  is  the  standard  to 
which  we  shall  refer  all  our  calculations. 

The  value  of  the  electrode  potential  Hg — HgCl  sat.  KC1  is  found  in 
terms  of  the  standard  calomel  cells  by  means  of  Combination  4  to  be 
0.5263  volt  at  25 °,  by  solving  for  a: 

(4)  Hg— HgCl  1.0MKCI— sat.KCl— sat.KCIHgCl— Hg; 0.0387 volt. 

0.3648  0.0002  zerQ  o 

Likewise  the  electrode  potential  Pt  (1  atmos.)  H* — o.  1  M  HC1  is  found 
in  terms  of  the  standard  calomel  cell  to  be  0.2167  volt  at  25 °  by  solving 
for  b  in  Combination  7: 

(7)  Hg— HgCl  i.oAf  KC1— sat.  KCl-0.1  M  HC1— H,(i  atmos.)  Pt; 
o.3483  volt. 

05648  0*002  ^  J^ 

Also  from  Combination  8  at  25  °: 

(8)  Hg— HgCl— sat.  KC1— sat.  KCl-0.1  M  HC1— H,  (1  atmos.)  Pt; 
0.3103  volt. 

^f_  zero         zero  0££7 

1  Z.  physik.  Chem.,  35,  333  (1900). 

*  Fales  and  Vosburgh,  This  Journal,  40,  1300  (1918). 
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we  obtain  a  second  value,  0.5270  volt,  for  the  electrode  potential  Hg — 
HgCl  sat.  KC1,  by  solving  for  a. 

The  value  of  the  electrode  potential  Hg— HgCl  o.  1  Af  KC1  at  25  °  may 
be  obtained  from  Combination  5,  by  solving  for  c: 
(5)  Hg— HgCl  0.1  MKC1— sat.  KCl—1.0  Af  KCIHgCl— Hg;  0.0533  volt. 

e  0.0006     0.0002  0.5648 

It  is  found  to  be  o .  61 77  volt.    Using  this  value  in  Combination  3 
(3)  Hg— HgCl  0.1  M  KC1— sat.  KO-sat.  KC1  HgCl— Hg;  0.0918  volt. 

06177  0*006  2er()  _^ 

we  obtain  a  third  value  for  a,  which  is  0.5265  volt.  Likewise  using  the 
same  value  for  c,  0.6177  volt,  in  Combination  6,  we  find  a  second  value 
of  6  which  is  0.2163  volt: 

(6)Hg— HgCl  0.1  M  KCl-^at.  KC1— 0.1  M  HC1— H2  (1  atmos.)  Pt; 
0.4020  volt. 

0*177  O0006  zerQ  J^ 

By  averaging  the  respective  values  we  find  that  the  value  of  the  elec- 
trode potential  Hg — HgCl  sat.  KC1  is  equal  to  0.5266  ^  0.0003  vo^  at 
250,  while  that  of  Pt  (1  atmos.)  H* — 0.1  M  HC1  is  equal  to  0.2165  ^= 
o .  0002  volt  at  the  same  temperature.  These  values,  along  with  the  value 
of  the  standard  calomel  cell  of  0.5648  volt  at  25 °,  were  used  for  the  cal- 
culation of  the  results  given  in  Table  III  and  Fig.  1. 

The  Temperature  Coefficient  of  the   Saturated  Potassium  Chloride 

Calomel  Cell. 
From  Combinations  9  and  10,  Table  V,  it  will  be  seen  that  the  differ- 
ence in  e.  m.  f .  for  the  saturated  calomel  cell  between  5  °  and  6o°  is  o .  01 10 
volt,  and  that  the  e.  m.  f .  is  sensibly  a  linear  function  of  the  temperature. 
Consequently  the  temperature  coefficient  of  the  cell  is 

=  0.00020  volt  per  degree  C. 

55 

This  shows  that  the  saturated  calomel  cell  has  a  very  small  temperature 
coefficient. 

The  Free  Energy  Change  of  the  Several  Systems. 
In  order  to  accomplish  the  change  in  state, 

H2  (1  atmos.)  +  2HgCl  Z^L  2  Hg  (liquid)  +  2HCI 
it  is  necessary  that  2  faradays  pass  through  the  system.    Therefore,  the 
free  energy  decrease  accompanying  this  reaction  where  the  system  is  main- 
tained at  the  constant  temperature  t,  may  be  obtained  by  the  use  of  the 
thermodynamic  relationship, 

(AF),  =  2  (e.  m.  f.),  X  96,5°°- 
This  is  true  for  systems  of  the  type  represented  by  Combinations  8  and 
n.    When  we  have  systems  like  Combinations  3,  4,  or  5,  the  same  change 
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will  be  effected  by  the  passage  of  one  faraday  so  that  we  have  for  the  de- 
crease in  free  energy  in  such  cases 

(AF),  =  (e.  m.  f.),  X  96,500. 

Behavior  of  the  Saturated  Potassium  Chloride  Calomel  Cell  on  Falling 

Temperature. 

When  the  systems  employing  the  saturated  potassium  chloride  calomel 
cell  were  subjected  to  an  increase  in  temperature,  it  was  necessary  to  add 
a  slight  excess  of  solid  potassium  chloride  to  the  solution  of  the  salt  in 
the  cell  in  order  to  maintain  the  solution  at  the  point  of  saturation*  This 
was  easily  accomplished  and  caused  no  difficulty  in  technique,  because 
of  the  construction  of  the  calomel  cell.  However,  the  amount  of  salt 
necessary  to  produce  a  saturated  solution  at  60  °  was  much  greater  than 
the  amount  needed  for  the  lower  temperatures.  The  result  was  that  a 
considerable  excess  of  the  salt  always  crystallized  out  when  the  temper- 
ature was  lowered.  This  excess  of  salt  in  the  cell  caused  no  variation  in 
the  observed  e.  m.  f.  of  the  system  except  when  the  temperature  drop 
was  from  300  to  25  °.  In  this  interval  it  was  noticed  for  Combination  8 
using  cells  Si  and  S2  that  the  readings  were  about  one  millivolt  high  when 
the  cells  were  being  taken  through  the  temperature  cycle  25  °  to  6o°  a 
second  time,  and  descending  temperatures  were  being  used.  The  pre- 
cise values  after  dropping  from  300  to  250  were  0.3114  and  0.3107  volt, 
respectively,  whereas  the  initial  values  at  the  start  of  the  cycle  were  0.3100 
ando.3101  volt  (theory  0.3100  volt).  These  values  of  0.3114  and  0.3107 
remained  constant  for  4  days.  To  see  the  effect  of  further  cooling,  followed 
by  subsequent  warming,  the  cells  were  cooled  down  to  15  °  for  5  minutes 
and  then  placed  in  the  constant  temperature  bath  at  25  °.  Two  hours 
later  both  cells  gave  a  value  of  0.3104  volt.  Four  days  later  Si  gave  its 
original  value  of  0.3100  volt.  In  view  of  the  fact  that  the  solid  phase  of 
potassium  chloride  was  always  present  during  the  changes  in  tempera- 
ture, the  variation  in  e.  m.  f .  cannot  be  ascribed  to  supersaturation,  but 
must  be  attributed  to  some  other  cause.  On  ascending  temperatures  no 
such  variation  was  encountered. 

Variation  in  e.  m.  f.  of  the  Molar  and  Tenth-molar  Potassium 
Chloride  Calomel  Cells. 

It  has  been  noticed  by  several  workers  that  the  values  of  the  M  and 
0.1  M  calomel  cells,  when  used  in  conjunction  with  a  potassium  chloride 
salt  bridge  of  greater  concentration  than  that  employed  in  the  calomel 
cell,  varied  from  time  to  time.  Richards  and  Archibald1  described  the 
decrease  in  potential  as  due  to  the  formation  of  a  complex  mercuric  ion 
by  the  interaction  of  the  alkali  chloride  and  the  calomel.  They  also 
1  Richards  and  Archibald,  Z.  physik.  Chcm.,  40,  385  (1903). 
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offered  a  mathematical  proof  of  their  theory.  Gewecke1  almost  simul- 
taneously corroborated  Richards'  results.  Loomis  and  Acree,2  by  care- 
ful preparation  of  materials,  were  able  to  obtain  o.  i  M  calomel  cells  that 
would  remain  constant  for  about  3  weeks  and  then  change  gradually. 
Ellis3  observed  a  similar  effect  in  his  work,  but  offered  no  explanation. 
Loomis  and  Meacham4  adopt  the  view  of  Richards.  Fales  and  Vos- 
burgh*  ascribed  the  decrease  to  the  diffusion  of  the  saturated  potassium 
chloride  from  the  salt  bridge  into  the  more  dilute  solution  in  the  calomel 
cell;  they  made  an  unsuccessful  attempt  to  eliminate  it  by  the  use  of  a 
jelly  salt  bridge  of  agar  agar.  Lewis,  Brighton  and  Sebastian8  made 
frequent  renewals  of  the  liquid  junction  in  a  specially  designed  form  of 
apparatus  in  order  to  overcome  this  gradual  diffusion. 

The  present  authors  found  no  confirmation  of  Richards' 6  theory  in  their 
work;  they  are  of  the  opinion  that  the  decrease  in  value  is  due  only  to  the 
diffusion  of  the  saturated  potassium  chloride  from  the  salt  bridge  into 
the  M  and  0.1M  potassium  chloride  solution  in  the  cell,  and  offer  the 
following  evidence  in  support  of  this  belief.  After  the  e.  m.  f .  of  Com- 
binations 6  and  7  had  undergone  a  considerable  decrease,  they  withdrew 
from  each  0.1  M  and  M  calomel  cell  employed,  10  cc.  of  its  potassium 
chloride  solution.  Each  portion  was  carefully  withdrawn  by  means  of  a 
small  pipet,  diluted  with  water,  aliquoted  as  necessary  and  then  titrated 
with  0.01  M  silver  nitrate  solution,  using  potassium  chromate  as  indicator. 
In  some  cases,  that  part  of  the  potassium  chloride  solution  which  was  in 
the  siphon  tube  of  the  cell  was  excluded,  but  no  great  difference  was  noticed 
in  the  chloride  content,  thus  showing  that  the  solution  in  the  cell  had 
practically  a  uniform  concentration  throughout. 

Table  VI  gives  the  detailed  information. 

During  their  use,  CeUs  Bi,  B*,  B8,  and  A*  were  allowed  to  stand  in  con- 
tact with  a  molar  salt  bridge  with  stopcocks  closed.  When  a  measure- 
ment was  to  be  made  the  cells  were  transferred  to  a  saturated  potassium 
chloride  salt  bridge  and  the  stopcocks  opened.  The  other  cells  were  kept 
in  contact  with  a  saturated  bridge  at  all  times,  the  stopcocks  being  closed 
except  when  a  measurement  was  being  made.  It  will  be  noticed  that  the 
original  values  of  Cells  B4,  B*  and  B«  are  somewhat  lower  than  the  ac- 
cepted value  for  the  o.  i  M  calomel  cell  (0.4016  volt).  This  is  probably 
due  to  the  fact  that  diffusion  had  already  begun  since  they  had  been  in 
contact  with  the  saturated  salt  bridge  for  2  days  before  the  initial  meas- 
urements were  made.  The  addition  of  methyl  orange  to  the  potassium 
chloride  solution  in  the  cells  showed  no  trace  of  hydrochloric  acid  which 
1  Gewecke,  ibid.,  45,  685  (1903). 

*  Loomis  and  Acree,  Am.  Chem.  /.,  46,  621  (191 1). 

*  Ellis,  This  Journal,  38,  737  (1916). 

4  Loomis  and  Meacham,  ibid.,  38,  2312  (1916). 

*  Loc.  cit. 
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might  have  diffused  into  the  cell  due  to  the  salt  bridge  having  become 
contaminated  with  acid  from  the  hydrogen  cell. 

Table  VI. — Variation  in  b.  m.  f.  of  the  Tbnth  Moi*ar  and  Molar  Cbixs  Due  to 

Diffusion. 


Cell. 

Time  in  use 
(days). 

Original  value 

at  25°.     1  atmos. 

total  pressure. 

O.I  M  KC1. 

Final  value 

at  25°.     1  atmos. 

total  pressure. 

Final  cone. 

of  KCL 

M. 

Bt 

16 

0.4006  volt 

0.3884  volt 

O.I97 

B, 

16 

0.4006 

0.3855 

0.2I0 

B, 

16 

0.4003 

O.3912 

O.186 

B4 

8 

0.3989 

0.3903 

O.I55 

B6 

8 

0.3985 

O.3921 

O.138 

B, 

8 

0.3994 

O.3855 

O.152 

B7 

19 

0.4015 

0.3824" 

O.170 

B, 

19 

0.4015 

0.3819* 

O.179 

Bt 

19 

0.4017 
i.oJlf  KC1. 

0.3585* 

O.657 

A3 

16 

0.3469 

0.3458 

1. 106 

A4 

23 

o.3479 

0.3355* 

1. 61 

A, 

23 

0.3481 

0.3390* 

1.44 

At 

23 

o.3474 

0.3442* 

I  .12 

•  The  final  values  of  these  cells  were  measured  at  40  °  as  they  were 

being  used  to 

unpare 

the  different  kinds  of  cells. 

In  the  case  of  Cell  Bo  a  very  pronounced  decrease  in  potential  was 
noticed  over  a  comparatively  short  period  of  time.  At  the  start  B» 
against  Di,  D2  and  D8  at  350  gave  an  average  observed  value  of  0.3991' 
volt.  Twenty-two  hours  later  it  gave  an  average  of  0.3960  volt;  2.5 
hours  later  its  value  had  decreased  to  0.3864  volt.  The  next  day  its 
value  was  0.3843  volt.  This  shows  a  decrease  in  potential  of  0.0100 
volt  in  2 . 5  hours  following  a  decrease  of  about  */s  this  amount  during  the 
previous  day,  and  followed  by  a  further  decrease  of  about  l/%  this  amount 
during  the  next  24  hours.  The  cell  was  also  measured  against  the  M  and 
saturated  calomel  cells,  and  they,  in  turn,  against  the  hydrogen  cells,  in 
order  that  there  might  be  no  doubt  in  ascribing  the  drop  in  potential  to 
the  0.1M  cell  Bo.  It  should  also  be  mentioned  at  this  point  that  the 
diffusion  of  the  saturated  potassium  chloride  solution,  from  the  salt 
bridge,  into  the  more  dilute  solution  in  the  calomel  cell  is  greatly  increased 
by  a  rise  in  temperature,  as  might  be  expected. 

By  comparing  the  final  concentrations  of  the  potassium  chloride  solu- 
tions withdrawn  from  the  cells,  as  given  in  the  last  column  of  Table  VI, 
with  the  theoretical  concentrations  of  potassium  chloride  corresponding 
to  the  e.  m.  f .  given  in  the  fourth  column  of  the  same  table,  it  is  seen  that 
the  decrease  in  e.  m.  f .  corresponds  almost  exactly  to  the  increase  in  the 
concentration  of  the  solution  in  the  cell;  see  Fig.  3. 

To  further  confirm  the  belief  that  the  decrease  in  the  e.  m.  f.  of  the  cell 
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is  not  due  to  the  formation  of  a  complex  mercuric  ion,  5  cc.  of  the  potas- 
sium chloride  solution  from  ao.iM  cell,  which  had  shown  a  decrease  in 
potential  due  to  diffusion,  was  made  approximately  3  M  with  respect  to 
hydrochloric  acid,  hydrogen  sulfide  passed  into  the  solution,  and  the  solu- 
tion then  allowed  to  stand  for  one  hour  in  a  stoppered  bottle;  no  trace 
of  a  precipitate  of  mercuric  sulfide  was  formed. 

Relation  ofE.M.Eto  Concentration  HCI 

0400 

Q390  Y 
^0380  H 
OQ370 
§0360 
§0350 
^0340 
^0330 
kiQ320 

0310 

0300  w 

Cone.  KCI  in  Calomel  Cell 
Fig.  3. 

It  is  also  to  be  remarked  that  the  o.  1  M  and  M  cells  when  used  at  25  ° 
in  conjunction  with  a  saturated  salt  bridge  were  not  found  reliable  over 
any  great  length  of  time,  usually  not  longer  than  a  week.  Thus  at  25  ° 
three  0.1M  cells  decreased  0.1069  volt  (average)  after  12  days,  while 
another  3  decreased  of. 0016  volt  (average)  after  7  days;  3  molar  cells  de- 
creased 0.0014  v°lt  (average)  after  15  days;  another  3  decreased  0.0013 
volt  (average)  after  6  days,  and  in  the  same  time  their  average  deviation 
increased  from  =^0.0002  to  =to.ooo6  volt. 

Diffusion  of  the  Saturated  Potassium  Chloride  Solution  into  the 

Tenth-molar  Hydrochloric  Acid  Solution  of  the  Hydrogen  Cell. 
So  far  mention  has  been  made  only  of  the  diffusion  of  the  saturated 
potassium  chloride  solution  from  the  salt  bridge  into  the  calomel  cell, 
an  occurrence  which  happens  when  the  concentration  of  the  salt  solution 
in  the  cell  is  less  than  that  in  the  salt  bridge.  There  is  also  a  diffusion 
of  the  saturated  potassium  chloride  solution  from  the  salt  bridge  into 
the  hydrochloric  acid  solution  of  the  hydrogen  cell*  and  it  was  to  offset 
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the  effect  of  this  as  completely  as  possible,  that  the  acid  of  this  cell  was 
renewed  each  day  that  new  measurements  were  to  be  made.  At  400 
this  diffusion  is  quite  rapid,  while  at  55  °  to  6o°  it  is  so  rapid  that  consid- 
erable difficulty  was  encountered  in  obtaining  satisfactory  measurements. 
The  best  procedure  is  to  draw  off  the  acid  solution  which  is  in  the  siphon 
tube  just  before  a  reading  is  to  be  made,  then  to  lower  the  siphon  tube 
of  the  cell  into  the  salt  bridge  and  measure  the  e.  m.  f .  of  the  combina- 
tion at  once.  At  50-60 °,  when  ic  so  happened  that  the  cotton  plug 
had  not  been  fitted  snugly  enough  into  the  end  of  the  siphon  tube,  the 
reading  of  the  potentiometer  could  be  seen  to  change  as  much  as  a  milli- 
volt per  minute  during  the  first  and  second  minutes  in  which  the  siphon 
tube  had  been  immersed  in  the  salt  bridge.  At  25  °,  however,  the  diffusion 
into  the  hydrogen  cell  is  not  rapid  enough  to  prevent  one  from  dupli- 
cating their  values  with  ease. 

Superiority  of  the  Saturated  Potassium  Chloride  Calomel  Cell. 

With  respect  to  the  durability,  accuracy  and  reproducibility  of  the 
saturated  potassium  chloride  calomel  cell,  the  following  table,  giving  the 
history  and  measurements  of  12  such  cells,  speaks  for  itself.  Each  value 
represents  the  average  of  3  determinations,  using  Combination  8  at  25  °. 

Tablb  VII.— History  of  Twblvb  Saturated  Potassium  Chloride  Calomel  Cells. 


Cell. 
S, 

S, 

s, 
S4 
s, 
s. 

St 
S, 
S. 
Sie 
Sn 
Sw 


Time  in  use 
(days). 

H7 
147 

71 
143 

20 

20 
8 
8 
8 


Si 
St 
S« 
S7 


8 
8 
8 
Average, 


20 

20 

8 

8 


E.  m.  f.  of  combination  8 
(1  atmos.  total  pressure). 


Initial 
Volt. 

O.3100 

O.3101 

O.3100 

O.3009 

O.3101 

O.3009 

O.3008 

O.3008 

O.3100 

O.3100 

O.3009 

O.3009 

O.3009 


Pinal 

Volt  Remarks. 

>  Carried  around  cycle  25-60° 
0.3103  J 

0.3009     Destroyed  to  test  KC1  for  acidity 
Carried  around  cycle  25-60° 


Kept  at  constant  temperature  25° 


Carried  around  cycle  25-5  ° 


0.3104 

0.3102 

0.3100 

0.3008 

0.3007 

0.3100 

0.3009 

0.3009 

0.3009 

0.3100 

Cells  Si,  Sj,  St  and  St  were  used  again  around  the  temperature  cycle  25-60 
gave  the  following  results: 

0.3101  0.3100 

0.3103  0.3104 

0.3102  0.3008 

0.3008  0.3008 

Conclusions. 

1.  The  e.  m.  f.  of  the  combination, 

(8)  Hg— HgCl  sat.  KC1— sat.  KC1— o.  i  M  HC1— H,(Pt), 
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has  been  measured  for  the  temperature  range  5-60  °,  in  intervals  of  5*. 

2.  Taking  the  value  of  the  normal  calomel  cell  at  25 °  as  0.5648  volt, 
the  value  of  the  saturated  potassium  chloride  calomel  cell  at  25  °  is  o .  5266 
volt.  Its  temperature  coefficient  is  +0.00020  volt  per  degree  rise  in 
temperature  for  temperatures  within  the  interval  5-60  °. 

3.  The  e.  m.  f.  of  the  system, 

(2)  Hg— HgCl  xM  KC1— sat.  KC1— o.  1  M  HC1— H,  (1  atmos.)  Pt, 
at  25  °,  and  the  value  of  the  electrode  potential  Hg — HgClsAf  KC1  in 
the  above  system,  where  %  ranges  from  o.iMto  saturation  (4. 12  M), 
have  been  given. 

4.  The  e.  m.  f.  of  the  combinations, 

(3)  Hg— HgCl  o.  1  M  KC1— sat.  KC1— sat.  KC1  HgCl— Hg, 

(4)  Hg— HgCl  1 .0  M  KC1— sat.  KC1— sat.  KC1  HgCl— Hg, 

(5)  Hg— HgCl  0.1M  KC1— sat.  KC1— 1  .oMKCl  HgCl— Hg, 

(6)  Hg— HgCl  o.  1  M  KC1— sat.  KC1— o.  1  M  HC1— H*(Pt), 

(7)  Hg— HgCl  1 .0  M  KC1— sat.  KC1— o.  1  M  HC1— H,(Pt), 

have  been  measured  for  the  temperature  range  25-40  °,  in  intervals 
of  50,  and  it  has  been  found  that  these  combinations  are  quite  unrelia- 
ble above  25  °,  and  only  reliable  at  25  °  for  about  one  week. 

5.  It  appears  that  the  decrease  in  the  e.  m.  f.  of  the  0.1M  and  M 
potassium  chloride  calomel  cells,  when  used  in  conjunction  with  a  sat- 
urated salt  bridge,  is  due  to  the  diffusion  of  the  concentrated  solution 
of  potassium  chloride  from  the  bridge  into  the  cell,  and  not  due  to  the 
formation  of  a  complex  ion  as  a  result  of  the  interaction  of  the  calomel 
and  the  potassium  chloride  solution. 

6.  In  preparing  new  calomel  cells  it  is  necessary  to  use  all  new  ma- 
terials, and  not  simply  replace  the  potassium  chloride  solution. 

7.  The  saturated  potassium  chloride  calomel  cell  is  the  best  cell  for 
use  in  conjunction  with  a  saturated  salt  bridge,  because  it  has  a  very 
small  temperature  coefficient,  is  easily  reproducible,  can  safely  be  used 
at  temperatures  from  50  to  6o°,  and  can  be  relied  upon  for  its  constancy 
of  value  over  long  periods  of  time. 

New  Yom,  n.  y 
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[Contribution  prom  thb  Chemical  Laboratory  of  Leland  Stanford  Junior 
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THE  CONDUCTIVITY  AND  VISCOSITY  OF  SOLUTIONS  IN  DI- 

METHYLAMINE,    TRIMETHYLAMINE,    ETHYLAMINE,    DI- 

ETHYLAMINE,  TRIETHYLAMINE,  AND  PROPYLAMINE.1 

By  Howard  McKbs  Elsky. 

Received  July  5,  1920. 

Introduction. 

The  work  described  in  this  paper  was  undertaken  as  a  contribution  to 
our  knowledge  of  the  properties  of  the  ammono  alcohols2  and  ethers 
(alkyl  amines)  as  electrolytic  solvents. 

It  seemed  desirable  to  gather  data  on  the  properties  of  solutions  in 
that  class  of  ammono  alcohols  of  which  dimethylamine  is  a  representa- 
tive member  and  also  to  study  the  ammono  ethers  or  tertiary  amines. 
Though  it  was  to  be  expected,  from  the  low  dielectric  constants  of  the 
solvents,*  that  the  solutions  would  have  very  high  resistances  the  im- 
proved type  of  apparatus  available  made  it  possibly  to  measure  the  con- 
ductivity with  a  high  degree  of  accuracy.  In  fact,  it  was  found  that  the 
conductivity  of  a  given  solution  could  be  measured  very  much  more  ac- 
curately than  the  solution  could  be  duplicated. 

The  surprising  observations  of  Shinn4  that  potassium  iodide  is  insolu- 
ble in  ethylamine  led  to  a  study  of  the  solubility  of  salts  in  the  amines, 
preliminary  to  beginning  the  other  work.  Potassium  iodide  is  very  solu- 
ble in  liquid  ammonia,  Franklin6  having  measured  the  conductivity  of 
a  7.1  molar  solution.  The  salt  is  also  very  soluble  in  methylamine, 
Fitzgerald8  having  measured  the  conductivity  of  a  1.7  molar  solution. 
As  accurate  data7  for  the  conductivity  of  potassium  iodide  in  liquid  am- 
monia through  a  wide  range  of  concentrations  is  already  available  for 
comparison,  this  solute  would  have  been  most  desirable  to  work  with  in 
the  amines. 

The  solubility  tests8-  were  disappointing  in  that  they  showed  that  only 
a  very  few  salts  were  sufficiently  soluble  to  be  of  any  value  for  use  in 
making  conductivity  measurements,  though  in  a  surprising  number  of 
cases  on  the  introduction  of  the  solvent  an  "addition"  compound  was 

1  Submitted  in  partial  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy  at  Stanford  University. 

•  For  the  development  of  the  ammonia  system  of  compounds,  together  with  the 
nomenclature.    See  Franklin,  Am.  Chem.  /.,  47,  285  (1912). 

1  Schlundt,  /.  Phys.  Chem.,  5,  503  (1901). 
4  Shinn,  ibid.,  n,  537  (1907). 

•  Franklin,  Z.  physik.  Chem.,  69,  272  (1909). 

•  Franklin,  Gibbs  and  Fitzgerald,  This  Journal,  29,  1389  (1907). 
7  hoc.  cit. 

•  Elsey,  This  Journal,  42,  2080  (1920). 
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formed,  and  though,  on  allowing  the  tube  to  stand,  the  bulky  precipitate 
first  formed  became  crystalline  and  showed  evidences  of  being  somewhat 
soluble  only  a  few  even  fairly  soluble  salts  were  found.  Many  salts  which 
are  quite  soluble  at  room  temperature  are  only  very  slightly  soluble  at 
— 33-5°»  the  temperature  of  the  conductivity  measurements.  The  ten- 
dency to  form  addition  compounds  seemed  to  be  almost  wholly  lacking 
in  the  tertiary  amines. 

Of  the  80  salts  which  were  tested,  the  following  were  the  only  ones 
which  seemed  to  be  sufficiently  soluble  and  which  could  be  obtained 
sufficiently  pure  to  warrant  further  investigation:  silver  nitrate,  silver 
iodide,  lithium  chloride,  hydrogen  chloride  (that  is,  the  amine  addition 
compound,  as  ethylamine  hydrochloride)  and  barium  thiocyanate. 

Preparation  of  Substances. 

Solutes. — The  silver  nitrate  was  prepared  by  twice  recrystallizing  a 
commercial  sample  of  the  salt  and  drying  over  sulfuric  acid. 

Silver  Iodide. — A  solution  of  silver  nitrate  was  treated  with  a  slight 
excess  of  potassium  iodide  solution  and  the  resulting  precipitate  washed 
free  from  potassium  nitrate  and  potassium  iodide,  then  dried  over  sul- 
furic acid. 

Lithium  Chloride. — A  recrystallized  sample  of  lithium  chloride  was 
carefully  dried  over  sulfuric  acid  in  a  vacuum  desiccator. 

Barium  Thiocyanate. — A  pure  commercial  sample  of  this  salt  was 
dried  in  a  vacuum  desiccator  over  sulfuric  acid. 

Amine  Hydrochlorides. — These  salts  were  aH  pure  commercial  prepa- 
rations and  were  simply  dried  in  a  vacuum  desiccator  over  sulfuric  acid. 

The  slightest  trace  of  moisture  in  an  amine  solution  of  either  silver 
nitrate  or  silver  iodide  causes  the  salt  to  blacken  and  deposit  metallic 
silver.  Also,  the  amine  hydrochlorides  and  lithium  chloride  are  so  deli- 
quescent that  it  is  almost  impossible  to  weigh  out  these  salts  in  the  open 
air  or  even  transfer  from  one  container  to  another  without  their  suffer- 
ing contamination  from  the  water  vapor  in  the  atmosphere.  For  this 
reason,  the  bottling  arrangement  described  later  was  devised  and  proved 
very  satisfactory. 

Solvents. 

The  amines  were  pure  commercial  samples  which  had  been  stored  in 
sealed  glass  containers  over  metallic  sodium  for  several  years  and  were 
thus  thoroughly  dry.  To  decrease  the  risk  in  working  with  the  limited 
amount  of  solvent  available,  at  the  beginning  of  work  with  a  given  amine 
it  was  distilled  over  into  an  evacuated  steel  cylinder  which  was  fitted 
with  a  good  fitting  steel  needle-valve.  The  nipple  of  this  valve  was  silver- 
soldered  to  a  platinum  tube  and  this  in  turn  was  sealed  to  the  glass  measur- 
ing apparatus  by  means  of  sealing-in  glass. 
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Apparatus. 
Conductivity  Measuring  Set— The  source  of  current  was  a  small 
Vreeland  oscillator,  built  to  give  frequencies  of  either  500  or  1000  cycles 
per  second.  The  measurements  were  all  made  using  the  higher  fre- 
quency as  the  tone  obtained  is  much  easier  to  hear  in  the  telephone, 
which  was  tuned  to  this  frequency.  The  resistance  box  was  a  5-dial 
100,000-ohm  Curtis  coil  box.  In  working  with  dilute  solutions,  the 
capacity  in  the  bridge  arms  was  balanced  by  means  of  small  variable 
rotary  condensers,  but  with  concentrated  solutions  these  proved  insuffi- 
cient and  a  subdivided  mica  condenser,  having  a  total  capacity  of  0.9 

. ■*    microfarad,  was  built  and  used.    All    precautions 

suggested  by  Washburn1  were  taken  as  to  the  shield- 
ing of  cables  and  the  individual  parts  of  the  ap- 
paratus from  each  other,  the  shields  being  carefully 
grounded. 

Conductivity  Cell.— At  the  boiling  point  of  liquid 
ammonia  ( — 33.5 0),f  which  was  the  temperature  at 
which  the  measurements  were  made,  the  alkyl  amines 
have  too  low  a  vapor  pressure  to  be  conveniently 
adjusted  to  a  given  volume  by  the  method  used  by 
Franklin  and  his  students9  in  working  with  liquid  am- 
monia and  methylamine.4  For  this  reason  the  con- 
ductivity cell  used  was  designed  as  shown  in  Fig.  1. 
Two  scales,  A  and  B,  graduated  in  millimeters, 
were  etched  on  the  cell  as  shown.  The  volume  of 
the  solution  was  found  by  reading  the  position  of 
the  meniscus  with  respect  to  these  scales  by  means 
of  a  telemicroscope  having  an  eyepiece  graduated  in 
tenths  of  a  millimeter.  The  capillary  F,  through 
which  the  solution  was  removed,  was  large,  to  avoid 
risk  of  stoppage,  and  it  was  necessary,  either  always 
to  make  a  volume  reading  with  the  liquid  in  the 
capillary  at  the  same  point,  which  was  difficult,  or 
else  to  apply  a  correction  which  varied  with  the  posi- 
tion of  the  meniscus  in  the  capillary.  This  second 
Pig.  1.  method  was  the  one  used,  the  correction  applied  to 

1  Washburn  and  Bell,  This  Journal,  35,  177  (1913).    Also  see  Catalog  48  of 
Leeds  and  Northrup  Company. 

*  Franklin,  Ann.  Phys.,  24,  367  (1907).    Prom  the  recent  work  of  Cragoe,  Meyers 
and  Taylor,  This  Journal,  42,  206  (1920),  it  appears  that  the  most  probable  value  for 
the  boiling  point  of  ammonia  is  — 33.35  °,  but  the  measurements  here  described  were 
all  carried  out  at  a  temperature  of  — 33 .5°. 
• Ibid.,  27,  191  (1905). 
4  Gibbs,  ibid.,  29,  1389  (1907);  Fitzgerald,  J.  Phys.  Chem.,  7,  254  (1903). 
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a  given  volume  reading  never  being  greater  than  0.3   scale  divisions, 
corresponding  to  a  volume  of  0.02  cc. 

The  volume  of  the  cell  was  found  by  filling  it  to  various  points  on  the 
scale  with  water  from  a  weighing  pipet,  the  temperature  being  adjusted 
to  200.  In  this  way,  the  volume  of  the  cell  was  found  over  the  whole 
range  of  the  2  scales  with  an  error  of  less  than  o.  1%.  The  volume  of 
liquid  required  to  fill  the  cell  at  room  temperature  to  the  first  graduation 
of  the  lower  scale  was  6.093  cc*  *&&  to  the  top  line  of  this  scale  6.336 
cc.,  while  the  volumes  required  to  fill  the  cell  to  the  top  and  bottom  grad- 
uations of  the  upper  scales  were  11.96  cc.  and  12.75  cc.,  respectively. 

If  the  coefficient  of  expansion  of  soft  glass  is  8.5  X  io~f  then  the  cell 
would  decrease  in  volume  by  0.14%  in  changing  from  200  to  — 33. 50, 
the  temperature  of  the  measurements.  Moreover  the  decrease  in  the 
area  of  the  platinum  electrodes  on  changing  to  — 33. 50  would  be  o.  10% 
and  would  tend  to  increase  the  cell  constant,  K,  by  that  amount.  Also, 
the  decrease  in  length  of  the  glass  rivets  holding  the  electrodes  apart 
would  be  0.04%  and  would  decrease  K,  leaving  the  probable  increase  in 
K  about  0.06%.  This  uncorrected  increase  in  K  will  partially  balance 
an  uncorrected  decrease  in  the  cell  volume  leaving  a  probable  error  in 
the  results  of  about  0.08%.  Since  the  error  is  undoubtedly  small  and 
cannot  easily  be  experimentally  determined,  no  attempt  has  been  made  to 
apply  any  of  the  above  corrections  to  the  conductivity  results. 

The  3  platinum  electrodes  C,  D,  and  £,  which  were  lightly  coated  with 
platinum  black,  each  have  an  area  of  about  3  sq.  cm.  Electrodes  C  and 
D  are  concentric  cylinders,  held  in  position  with  relation  to  one  another 
by  glass  rivets.  The  platinum  leading-in  wires  ended  in  glass  mercury 
wells  I,  I,  I.  Assuming  the  specific  conductivity  of  a  0.02  N  potassium 
chloride  solution  to  be  0.002501  at  200,1  the  cell  constant  Ku  for  the  pair 
of  electrodes  C  and  D,  was  0.05374  Kohlrausch  unit.  The  constant  K%, 
for  the  pair  of  electrodes  C  and  £,  was  10.95  units.  These  values  were 
checked  frequently  and  found  to  be  constant.  Electrodes  C  and  E 
were  used  for  measuring  good  conducting  solutions.  Electrodes  C  and  D 
were  used  for  solutions  where  the  resistance  between  these  electrodes 
was  greater  than  100  ohms.  With  solutions  having  a  lower  resistance 
between  them  the  heating  effect  of  the  current  was  very  noticeable,  and 
where  the  resistance  fell  below  75  ohms  there  was  a  marked  discrepancy 
between  molecular  conductivities  calculated  from  these  electrodes  and 
Electrodes  C  and  E. 

Viscometer. — The  viscometer  used  is  shown  in  Fig.  2  and  was  an 
adaptation  of  a  2-capillary  instrument  suggested  by  Bingham,1  the  chief 
modification  being  in  the  method  used  in  introducing  the  liquid  to  be 
1  Kohlrausch  and  Holborn,  "Leitvermogen  der  Elektrolyte,"  1898. 
1  /.  Ind.  Eng.  Chem.,  6,  233  (1914)* 
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measured.    This  was  forced  in  through  Stopcock  F  and  Capillary  H, 
until  the  viscometer  was  filled  to  Mark  A  in  Arm  L,  and  Mark  C  in  Arm 
R.    Bingham  used  an  automatic  pipet  method  which  filled  the  cell  with 
exactly  the  same  quantity  of  liquid  each  time,  but  this  method  was  not 
applicable  here,  because  of  the  difficulty  of  manipulation.    In  using  the 
cell,  after  the  proper  amount  of  liquid  had  been  in- 
troduced, Arm  L  was  opened  to  atmospheric  pres- 
sure by  turning  Stopcock  £,  and  the  liquid  was 
forced  to  rise  in  Arm  L,  by  means  of  hydrogen 
pressure  applied  through  the  2-way  stopcock  D, 
until  Bulb  K  was  almost  empty.    The  stopcocks 
p  D  and  E  were  now  reversed,  causing  Arm  R  to  be 

open  to  atmospheric  pressure  and  the  liquid  in  Arm 
L  to  be  under  a  known  hydrogen  pressure.  The  time 
l|  required  for  the  meniscus  to  fall  from  Mark  A  to 

Mark  B  was  then  noted.    The  pressure  was  meas- 
ured by  means  of  a  water  manometer  which  was 
- 1  connected  to  the  apparatus  through  a  drying  tube, 

L  both  the  drying  tube  and  the  hydrogen  reservoir 

I  being  protected  against  sudden  changes  in  tempera- 

ture by  wrapping  with  hair  felt. 

If  the  2  arms  of  the  instrument  had  been  ident- 
ical as  to  size  and  shape,  the  time  taken  to  reverse 
the  above  process,  the  pressure  remaining  constant, 
should  have  been  the  same  as  the  first  time  of  flow 
from  left  to  right.  If  the  volume  of  liquid  used 
each  time  is  the  same,  then  it  is  possible,  according 
to  Bingham,  to  apply  a  correction  factor  so  that 
the  viscosity  may  be  determined  from  a  single 
Flg#  2*  reading  in  either  direction.    As  it  was  impossible 

in  our  case  to  control  the  filling  of  the  cell  within  better  than  =^0.05  cc. 
in  a  total  volume  of  less  than  2  cc.  a  reading  was  taken  in  each  direction 
and  the  mean  of  the  2  calculated  results  taken  as  the  viscosity  of  the 
solution. 
The  equation  given  by  Bingham  for  the  use  of  the  above  viscometer  is 
v  =  Ctp  —  (mnpv/Svtl)  (1) 

where  17  is  the  viscosity  in  absolute  units,  C  a  constant  for  the  given  instru- 
ment, p  the  pressure  in  grams  per  sq.  cm.,  m  a  constant,  n  the  number 
of  capillaries,  v  the  volume  of  flow,  p  the  density,  and  I  the  length  of  the 
capillaries.  Substituting  for  the  constants  the  values  m  =*  1.12,  n  =*  2, 
v  =  1.24,  v  =  3. 1 41 6,  /  =  20,  the  above  equation  reduces  to 

17  =  Ctp—  (0.0054P/O  (2) 
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Assuming  the  viscosity  of  water  at  250  to  be  0.010061  and  the  density  to 
be  0.997  and  substituting  these  values  in  Equation  2  together  with  the 
experimentally  determined  times  of  outflow  with  the  corresponding 
pressures,  the  value  of  C  was  found  to  be  5 .66  X  io~7. 

Density  Apparatus. — In  order  to  determine  p  for  use  in  correcting 
the  viscosity  equation,  a  modification  of  Hare's  method*  of  balancing 
columns  was  used.    A  diagram  of  the  apparatus  is  shown 
in  Fig.  3.    The  solution  whose  density  was  to  be  deter- 
mined was  forced  into  the  U-tube  which  was  surrounded  t 
by  an  ammonia  bath  at  — 33.5  °  through  the  stopcock  and 
capillary  Tube  A.    The  stopcock  B,  which  had  been  set  D 
to  connect  the  2  arms  of  the  U-tube,  was  then  turned  to 
open  the  left  arm  to  atmospheric  pressure.    By  means  of 
a  third  stopcock,  C,  the  right  arm  was  opened  momen- 
tarily to  a  hydrogen  reservoir  which  was  fitted  with  a 
water  manometer.    Then  the  stopcocks  were  all  closed 
and  the  heights  of  the  solution  column  and  of  the  water 
column  measured  with  a  cathetometer  and  compared.   The 
results  obtained  were  very  inaccurate  as  the  small  quan-  f( 
tity  of  solution  available  for  each  measurement  made  it 
necessary  to  make  the  U-tube  of  rather  small-bore  glass 
tubing  and  the  difference  in  level  in  the  2  arms  of  the 
tube  was  usually  less  than  10  cm.    In  addition  to  this, 
trouble  was  had  from  an  improper  cathetometer  mounting. 
However,  the  measurements  were  sufficiently  accurate  for 
the  correction  of  the  viscosity,  as  the  value  of  the  expres- 
sion 0.0054  p/t  rarely  exceeded  0.4%  of  the  total  value 
for  the  viscosity.     Indeed  it  was  found  that  for  any  but 
the  most  concentrated  solutions  it  was  sufficient  to  calcu- 
late the  density  of  a  solution  from  the  normality,  assum- 
ing no  volume  change  in  the  solvent  on  the  solution  of  the         pjg  3 
salt. 

Recovery  of  the  Solvents. — As  the  amines  are  expensive,  their  re- 
covery from  the  solutions  was  essential  and  all  the  discarded  solutions 
were  run  into  a  waste  jar  which  was  placed  in  a  liquid  ammonia  bath. 
The  hydrogen  gas  used  for  stirring  and  transferring  the  solutions  was 
necessarily  saturated  with  the  solvent  vapor,  therefore  it  also  was  passed 
into  the  waste  jar,  whence  it  escaped  through  a  gas  wash-bottle  contain- 
ing dil.  sulfuric  acid.  To  recover  the  amine,  the  hydrogen  was  removed 
from  the  waste  jar  and  the  ammonia  in  the  Dewar  tube  bath  replaced 

1  Bingham  and  White,  Z.  physik.  Chem.,  8o,  670  (1912). 

1  The  use  of  this  method  is  a  suggestion  of  Professor  H.  P.  Cady,  of  the  University 
of  Kansas. 


Digitized  by 


Google 


o 


2460  HOWARD  McKBB  ELSBY. 

by  warm  water.    By  adjusting  the  proper  stopcocks,  the  amine  was  then 
distilled  directly  back  into  its  steel  container. 

Temperature  Control. — All  the  measurements  were  made  at  the  boil- 
ing point  of  ammonia,  — 33. 50,  the  different  units  of  the  apparatus  being 
fitted  with  rubber  stoppers  and  placed  in  Dewar  tubes  containing  liquid 
ammonia.  The  temperature  was  maintained  constant  within  ^0.05 
by  means  of  a  toluene  regulator  opening  or  closing  an  electric  circuit  which 
actuated  a  telegraph  sounder  to  whose  arm  was  fastened  the  stem  of  a 
small  steel  needle-valve.  The  opening  of  this  valve  allowed  a  suction  pump 
to  increase  the  rate  of  boiling  of  the  ammonia,  causing  the  temperature  to 
fall  until  the  regulator  functionated  and  closed  the  needle-valve  again. 
The  device  is  similar  to  that  used  by  Franklin  and  Cady1  excepting  that 
the  sounder  arm  controls  a  valve  stem  rather  than  pinching  down  on  a 
rubber  tube.  The  temperature  was  read  on  mercury  thermometers 
which  had  been  carefully  checked  against  a  certified  thermometer.  In 
the  figures,  for  simplicity,  the  thermometers,  toluene  bulbs,  and  bath 
control  tubes  are  omitted.  The  hydrogen  used  in  transferring  the  solu- 
tion from  one  part  of  the  apparatus  to  another  was  generated  by  the  elec- 
trolysis of  10%  sulfuric  acid.  The  hydrogen  was  then  passed  through  an 
alkaline  pyrogallic  acid  solution,  traces  of  oxygen  were  burned  out  in  a 
hot-wire  tube,  the  gas  was  then  dried  by  means  of  a  chain  of  calcium 
chloride  and  phosphorus  pentoxide  drying  tubes  and  was  then  stored  under 
pressure  in  a  glass  reservoir. 

Bottling  Device. — This  was  devised  to  transfer  the  deliquescent 
amine  hydrochlorides  and  lithium  chloride  from  the  large  glass-stoppered 
stock-weighing  bottles  to  the  small  tube  for  the  sample  to  be  used  in  a 
given  measurement.  This  last  tube  was  made  from  the  neck  and  stopper 
of  a  small  graduated  flask  and  was  of  such  a  size  that  it  would  slip  con- 
veniently into  the  mouth  of  the  accessory  cell  of  the  apparatus.  An  old 
balance  case  was  fitted  with  a  movable  platform  which  carried  spring- 
brass  2-fingered  clamps  for  the  two  bottles,  the  movement  of  the  platform 
being  controlled  by  a  rod  fitted  into  the  hole  which  ordinarily  carries  the 
balance-beam  raising  and  lowering  device.  Into  the  left  side  of  the  case, 
opposite  this  central  platform,  were  fitted  3  short  brass  sleeves,  and, 
through  these,  3  steel  rods.  The  2  outer  rods  each  ended  in  2  fingers  erf 
sheet  spring-brass  while  the  center  rod  ended  in  a  platinum  spoon.  The 
door  of  the  case  was  lined  around  the  edge  with  felt  and  the  joints  be- 
tween the  iron  rods  and  the  brass  sleeves  were  made  tight  with  rubber 
tubing.  To  use  the  apparatus,  the  stock  bottle  and  weighing  tube  were 
placed  in  their  proper  clamps,  the  door  was  tightly  closed  and  a  stream 
of  dry  air  passed  through  the  apparatus  for  some  time.  Then  by  pushing 
the  platform  back  so  that  the  back  weighing  tube  was  opposite  the  rear 
1  Franklin  and  Cady,  This  Journal,  36,  499  (1904). 
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rod,  its  stopper  could  be  removed  by  manipulation  of  the  rod.  The 
platform  was  then  pulled  to  the  front  and  the  stopper  removed  from  the 
second  weighing  bottle.  The  first  tube  was  now  in  a  position  so  that  a 
spoonful  of  salt  could  be  removed  from  it  by  the  platinum  spoon  on  the 
second  rod  and  transferred  to  the  smaller  tube  on  pushing  the  platform 
again  to  the  rear.  The  stoppers  could  now  be  replaced  in  the  bottles,  as, 
by  the  proper  twisting  of  the  rods  the  stoppers  would  "set"  in  the  tubes 
and  allow  the  clamps  to  be  pulled  off.  This  device  proved  to  be  very 
convenient. 

Method  of  Making  Measurements. 
A  weighed  quantity  of  the  solute  was  introduced  into  a  small  accessory 
cell  adjacent  to  the  conductivity  cell.  This  cell  was  then  closed  with  a 
ground-glass  stopper,  which  was  held  in  place  by  a  brass  cap,  and  the 
whole  apparatus  was  swept  free  of  air  with  a  stream  of  pure  dry  hydro- 
gen. The  Dewar-tube  thermostats  were  then  filled  with  liquid  ammonia 
and  solvent  was  distilled  into  the  accessory  cell  by  opening  the  proper 
stopcocks.  To  hasten  distillation  a  bath  of  warm  water  was  usually  held 
around  the  steel  storage  cylinder  in  order  to  overcome  the  cooling  effect 
due  to  the  rapid  evaporation.  On  leaving  the  cylinder,  the  amine  vapors 
were  filtered  through  glass  wool  to  remove  solid  impurities.  After  2  or 
3  cc.  of  solvent  had  distilled  over,  the  stopcocks  were  reversed  and  a  stream 
of  hydrogen  gas  was  bubbled  through  the  mixture  of  salt  and  solvent  in 
the  accessory  cell  until  solution  was  complete.  Hydrogen  pressure  was 
then  applied  to  the  surface  of  the  solution,  the  3-way  stirring  stopcock 
was  reversed  and  the  solution  forced  over  into  the  conductivity  cell,  en- 
tering through  Tube  H,  Pig.  1.  The  accessory  cell  was  washed  with  suc- 
cessive small  portions  of  fresh  solvent  in  the  conductivity  cell.  Gaseous 
solvent  could  be  introduced  into  the  accessory  cell  either  through  a  capil- 
lary tube  reaching  to  the  bottom,  when  it  would  condense  at  the  bottom 
of  .the  cell,  or  through  a  tube  at  the  top,  when  it  would  condense  all  over 
the  inner  surface  of  the  cell  and  thus  the  walls  could  be  easily  washed  free 
of  solute.  The  accessory  cell  was  washed  until  the  washings  plus  the 
original  solution  filled  the  conductivity  cell  to  some  point  on  the  lower 
scale  B,  Fig.  1.  The  solution  in  the  conductivity  cell  was  then  stirred 
until  homogeneous  by  means  of  hydrogen  forced  in  through  the  capillary 
F.  The  temperature  of  the  bath  was  checked  and  the  resistance  of  the 
solution  measured.  The  volume  of  the  solution  was  then  determined  by 
reading,  by  means  of  the  telemicroscope,  the  position  of  the  meniscus 
with  respect  to  the  glass  scale  B,  and  noting  the  height  of  the  liquid  in 
the  capillary  P.  After  again  reading  the  resistance,  the  solution  was  dilu- 
ted by  the  addition  of  fresh  solvent  until  the  cell  was  filled  to  a  point 
on  the  upper  glass  Scale  A.  If  the  boiling  point  of  the  solvent  was  below 
room  temperature,  this  fresh  portion  was  added  by  distilling  it  in  through 
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the  capillary  F.  The  introduction  of  this  layer  of  solvent  under  a  denser 
solution  very  greatly  decreased  the  time  required  for  stirring  the  new 
solution.  In  this  first  dilution,  advantage  was  usually  taken  of  the  op- 
portunity for  rinsing  the  accessory  cell  again  as  in  the  case  of  the  more 
concentrated  solutions  very  little  washing  could  be  done  without  filling 
the  conductivity  cell  above  Scale  B.  Also  in  the  case  of  solvents  boiling 
above  room  temperature,  the  fresh  additions  of  solvent  were  made  from 
the  accessory  cell.  These  solvents  were  forced  into  this  cell  from  the  glass 
storage  vessel  into  which  they  had  been  distilled  in  vacuum  from  the 
original  glass  containers  where  they  had  been  stored  over  metallic  sodium. 
All  connections  were  made  of  glass  to  avoid  contamination. 

After  the  solution  had  been  made  up  to  the  scale  A  and  thoroughly 
stirred,  the  scale  and  capillary  were  read  and  the  resistance  measured. 
Hydrogen  pressure  was  turned  on  and  the  solution  forced  out  through 
the  capillary  F  until  the  meniscus  had  fallen  to  Scale  B,  when  the  stop- 
cocks were  closed,  the  pressure  released,  and  the  scale  and  capillary  men- 
iscus read.  This  remaining  portion  of  the  solution  was  then  diluted  with 
fresh  solvent  and  measured  as  before. 

The  first  portion  of  the  "discarded"  solution  was,  by  proper  adjust- 
ment of  the  stopcocks,  led  into  the  viscometer  and  density  meter  and 
used  to  rinse  these  cells  after  which  it  was  run  into  the  waste  jar.  The 
viscometer  and  density  tube  were  filled  with  the  remainder  of  the  "dis- 
carded" solution.  The  viscosity  and  density  of  this  solution  were  then 
determined  as  previously  described,  after  which  it  also  was  forced  into 
the  waste  jar. 

The  measurements  were  carried  from  the  most  concentrated  solutions, 
which  could  be  handled  without  risking  the  stoppage  of  the  capillary 
tubes,  to  dilutions  where  the  error  in  setting  the  bridge  was  greater  than 
one  part  in  500.  Due  to  the  high  resistance  of  even  the  most  concen- 
trated solutions,  the  measurements  could  not  be  carried  out  to  very  low 
concentrations.  In  most  cases,  the  upper  limit  to  the  concentration  of 
the  solution  measured  was  the  limit  of  solubility  of  the  salt. 

Experimental  Data. 
Conductance  Data. — In  the  following  tables,  c  is  the  concentration  in 
gram  moles  per  liter.    A  is  the  molecular  conductance,  which  is  equal 
to  1000  x/c>  where  x  is  the  specific  conductance  in  reciprocal  ohms,  ?  is 
the  absolute  viscosity  in  c.  g.  s.  units,  and  p  is  the  density. 

Tablb  I. — Shvek  Nitrate  in  Ethylaminb. 

c  a.  t.  *. 

I. 

0.4917  5.310  

0.2508  3.820  

0.1220  2.283  
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Tablb  I  (continued). 

c. 

A. 

II. 

f. 

0.5184 

5204 

0.2731 

3.982 

0.1358 

2.517 

0.06791 

I.522 

0.0331 I 

1. 102 

0.01673 

0.8937 

0.008196 

O.9528 

0.004140 

I.090 

III. 

0.7411 

5762 

IV. 

0.01374 

0.02559 

1. 107 

0.01260 

0.9945 

0.006240 

I.052 

0.0031 17 

1.254 

0.001485 

1. 65 1 

0.0007315 

2.208 

\ 

0.0003533 

2.864 

0.0001771 

3.960 

V. 

0.1797 

3.263 

0.08535 

1. 951 

0.04400 

I.280 

0.02201 

0.9874 

0.01086 

O.9284 

0.005428 

1 .007 

VI. 

1.004 

5633 

0.5420 

5587 

0.009700 

0.2785 

4231 

0.008069 

0.1402 

2.715 

0.007101 

0.07045 

1 .690 

VII. 

0.006271 

1.999  , 

3180 

VIII. 

0.07098 

0.06665 

1 .700 

0.03436 

1. 191 

0.005948 

0.01719 

O.9944 

0.005849 

0.008500 

O.9814 

0.005764 

0.004277 

I.008 

0.005757 

0.002170 

I  336 

IX. 

0.005757 

0.0009003 

2.196 

0.0004566 

3.003 

0.005823 

0.0002293 

4.132 

0.005752 

0.0001016 

5618 

0.005737 

0.00006145 

7.621 

0.005754 

0.888 
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Table  I  (continued). 

Silver  Iodide  in  Ethyiamine. 

c. 

A. 

I. 

f. 

m 

0.2253 

0.00739 

O.IOI2 

0.01002 

0.006046 

O.O5629 

0 .01349 

0.005951 

0.02888 

0.01820 

0.005894 

O.OI460 

0.02562 

II. 

0.005856 

O.664I 

0.004841 

0.3494 

0.006337 

0.006922 

O.I728 

0.008318 

0.006373 

O.08780 

0.01093 

III. 

0.005977 

I.023 

0.003331 

0.6339 

0.004707 

0.007994 

O.3246 

0.006216 

IV. 

2.156 

0.001913 

I  .Il6 

0.003600 

0.009965 

I.O68 

0.003721 

0.55H 

0.005085 

Barium  Thiocyanate  in 

Ethyiamine. 

c. 

A. 

I. 

*• 

p 

0.09393 

0.4023 

0.08937 

0.3882-0.3899 

0 .006747 

0.04576 

0.2518 

0.006244 

0 .02364 

0.2035 

0.006067 

0.01234 

0.2017 

0.01234 

0.2063 

0.006275 

0.2086 

II. 

•  •  •  •  • 

0.4099 

1. 251 

•      

0.2120 

0.8549 

O.II2I 

o.4747 

O.II2I 

0.4802 

III. 

0.5550 

1.284 

0.2809 

o.9333 

0.009230 

O.I393 

0.5180 

O.I392 

o.5557 

0.007192 



O .O7O76 

0.3159 

O.O7088 

0.3298 

0.006475 

O.O3618 

0.2386 

0.006154 

O.OI893 

0.2052 

0.006067 
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TaslA  I  (continued). 

Ethylamine  Hydrochloride  in  Ethylamine. 

c. 

A. 

I. 

f. 

P. 

2.872 

2557 



1.489 

3-755 

O.O1863 

O.811 

0.7518 

2.854 

O.OO9860 

O.771 

0.3817 

I  .46Z 

0.0076x4 

O.767 

0.1898 

O.6276 

O.OO6634 

0.09458 

O.3308 

II. 

O.OO6165 

0.2105 

O.6787 

0.107 1 

O.3560 

0.05406 

O.2383 

0.02711 

O.1980 

0.01342 

O.1980 

0.006492 

O.2255 

•  0.003181 

O.2815 

0.001575 

O.3686 

- 

The  conductivities  of  solutions  of  silver  nitrate  and  of  ethylamine 
lydrochloride  in  ethylamine  have  been  measured  by  Fitzgerald1  at  — 33 . 5  °, 
nit  he  was  unable  to  carry  the  measurements  past  a  minimum  of  molec- 
ilar  conductivity.    However,  in  the  present  experiments  in  both  of  these 

0.075 

0.065 


8.0 


6.0 


4.0 


2.0 


0.055 


0.045 


0.035 


0.025 


0.015 


rotations,  it  has  been  possible  to  pass  a  minimum  of  molecular  conduc- 
tivity. In  Fig.  4  one  may  see  the  general  form  of  the  conductivity  curves 
n  ethylamine,  the  molecular  conductivities  being  plotted  against  the 
ogarithms  of  the  concentrations.  The  curve  for  silver  nitrate  shows  the 
1  Loc.cit. 
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form  first  noted  by  Gibbs1  in  methylamine  solutions.  With  decreasing 
concentration  the  molecular  conductivity  rises  to  a  maximum,  then  falls 
to  a  minimum,  and  rises  to  a  final  maximum  in  very  dilute  solutions. 


300 


N. 


-«■***&- 


4.0  3.0  2.0  I.O  O.O 

I/>gC. 
Fig.  5. — Conductivity  of  silver  nitrate. 

Only  the  final  rise  to  a  maximum  of  molecular  conductivity  at  infinite 
dilution  does  not  appear  on  account  of  our  inability  to  work  with  the 
higher  resistances  met  with  in  dilute  solutions.    In  Fig.  5  are  plotted  the 


O.OIO 

0.009 
0.008 
0.007 
0.006 

0.005 

T.5  T.o  0.5  0.0  0.5 

LogC. 
Fig.  6. 


0.026 

0.018 

- 

Af/shC/im        I 

■ 

O.OIO 

A 

viscosity  .^"  "*--..„  o?-, 
-----                          f<£^ 

?  ■ 

0.002 

-,      ■ 

1  hoc.  cit. 
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conductivity  curves  for  silver  nitrate  in  water,  ammonia,  methylamine  and 
ethylamine.  Data  for  the  conductivity  of  silver  nitrate  in  concentrated 
water  solutions  is  plotted  from  data  given  by  Sloan.1 

Silver  iodide  (Fig.  6),  which  is  extremely  soluble  in  both  ethyl  and  di- 
methylamine,  melting  down  in  the  vapors  of  ethylamine  at  room  tem- 
perature, apparently  is  dissociated  to  a  very  much  less  extent  even  than 
the  other  salts,  as  one  is  forced  to  use  units  only  V1000  as  great  in  order  to 
plot  the  curve  for  silver  iodide  on  the  same  sheet  as  silver  nitrate.  It 
will  also  be  noticed  that  for  this  salt  there  is  no  indication  of  a  maximum 
in  concentrated  solutions,  the  equivalent  conductivity  rising  regularly  from 
the  most  concentrated  to  the  most  dilute  solutions.  In  solutions  of  sil- 
ver nitrate  and  ethylamine  hydrochloride  (Fig.  7)  in  ethylamine,  the  max- 


4.0 


30 


2.0 


1.0 


- 

CJimHOmCJiNH 

A 

H 

*  " 

^2/ 

0.018 

0.016 

0.014 

-  O.OI2 

O.OIO 

0.008 
0.006 


3.0 


1.0 
LogC. 
Fig.  7. 


imum  of  equivalent  conductivity  for  each  salt  is  in  a  solution  of  about 
normal  strength  while  in  the  case  of  silver  iodide  solutions  the  equivalent 
conductivity  was  still  decreasing  at  much  higher  concentrations.  It  is 
interesting  to  note  that  the  2  former  solutions  begin  to  increase  rapidly 
in  viscosity  at  about  the  same  point  while  the  rapid  rise  for  silver  iodide 
solutions  does  not  come  until  greater  concentrations  are  reached,  and 
the  marked  increase  in  viscosity  apparently  does  not  alter  the  rate  of 
decrease  of  the  equivalent  conductivity. 

The  above  action  in  the  case  of  "normal"  electrolytes  is  further  evi- 
dence, tending  to  show  the  close  connection  between  the  maximum  in 
molecular  conductivity  which  occurs  in  concentrated  solutions  and  the 
viscosity.    No  attempt  has  been  made  to  correct  the  conductivities  of 
1  Sloan,  This  Journal,  32,  946  (1910). 
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the  concentrated  solutions  for  the  viscosity  according  to  the  method  of 
Sakhanov,1  for,  while  the  relation  between  viscosity  and  conductivity 
is  recognized,  we  believe  it  futile,  arbitrarily  to  apply  a  correction  which 
considers  only  one  of  the  several  factors  which  determine  the  course  of 
the  conductivity  curve  in  concentrated  solutions. 

An  attempt  was  made  to  measure  the  conductivity  of  a  solution  of 
cadmium  iodide  in  ethylamine,  but  it  was  found  that  the  bulky  animate 
formed  on  contact  of  solute  and  solvent  is  only  slightly  soluble  in  ethyl- 
amine at  liquid  ammonia  temperatures.  This  is  interesting  as  Kahlen- 
berg  and  Ruhoff*  were  able  to  prepare  and  measure  the  conductivity  of 
a  1 .3  AT  solution  of  this  salt  in  amylamine.  Their  measurements,  it  is 
true,  were  made  at  o°,  but  the  cadmium  iodide  showed  no  signs  of 
possessing  any  such  solubility  in  ethylamine  at  room  temperatures  as 
they  found  it  to  possess  in  amylamine  at  o°. 


0.004 


2.0 


15 


1.0 


LogC. 
Fig.  8. 


0.5 


In  measuring  the  conductivity  of  solutions  of  barium  thiocyanate  in 
ethylamine,  it  was  noticed  that  the  resistance  seemed  to  vary  with  the 
time,  and  in  order  to  check  this  observation  a  dilute  solution  of  the  salt 
was  prepared  and  the  molecular  conductivities  observed  with  the  time  of 
measurement  are  given. 

If  the  conductivity  is  plotted  against  the  time  the  form  of  the  curve 
seems  to  indicate  that  perhaps  we  are  dealing  with  an  example  of  anxtnol- 
ysis  (solvolysis)  which  proceeds  slowly  enough  to  be  followed  with  ease 
by  this  conductivity  method. 

1  Sakhanov,  J.  Phys.  Chem.,  ax,  169  (1917). 
*  Kahlenberg  and  Ruhoff,  ibid.,  7,  254  (1903). 
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Tabus  II. 

Aminolysis  of  Barium  Thiocyanate  in  Ethylamine. 

(c  =  0.0651). 

Time  (houra).  A. 

O.767  O.3754 

I.067     ,  O.3754 

1. 158  O.3772 

I.384                    .  0.3778 

I.650  O.3783 

I.966  O.3789 

2.684  0.3799 

3.516  O.3812 

4.384  O.3822 

5.267  O.3841 

6.2O0  O.3853 

8. I 17  0.3878 

10.267  O.3912 

11.500  0.3922 

12.017  0.3929 

23.70  0.4036 

83  45  O.4057 

95.45  0.4061 

In  water  solutions  such  examples  are  rare  as  the  rate  of  reaction  of  elec- 
trolytes brings  almost  instant  equilibrium  between  solute  and  solvent, 
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Fig.  9. 


but  in  a  few  instances1  it  has  been  possible  to  follow  the  rate  of  hydrolysis 
by  the  conductivity  method  as  above. 

Wurman,  "Hydrolysis  of  Stannic  Fluoride,"  This  Journal,  40,  906  (19 18). 
For  other  examples  see  Foster,  Phys.  Rev.,  9,  41  (1899),  and  Kohlrausch,  Z.  physik, 
Chem.,  33,  257  (1900). 
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Table  III. 
Dimethylamine  Hydrochloride  in  Dimethylamine. 
A.  t. 

I. 


0.009399 

o.34i7 

0.004290 

0.004713 

0.3061 

0.002437 

0.3003 

O.OOI20I 

0.3206 

II. 

O.S697 

2.775 

O.2843 

1.786 

0 .005284 

O.I459 

1.030 

0.004720 

O.O7458 

0.5009 

0.004523 

O.O3855 

0.3851 

III. 

0.004451 

1-557 

3.774 

0.8535 

3.487 

0 .008947 

0.4346 

2.342 

IV. 

0.7847 

0.007360 

0.740 

0.3585 

0.005496 

o.734 

0.1788 

0.004802 

0.728 

Silver  Iodide  in  Dimethylamine. 

T 

1259 

0.00243I 

0.6375 

O.OOO4819 

0.005558 

o.3i95 

O.OOO766O 

0.005023 

0.1592 

O.OOIIIO 

II. 

0.004612 

2.695 

0.000059 

1.366 

0.0002217 

0.007992 

0.701 1 

0.0004584 

III. 

2.03 

IV. 

1. 17 

0.1285 

0.006503 

0.06389 

0.008974 

0.004415 

0.03197 

0. 01 109 

0.004394 

0.01629 

0.01438 

0.004368 

0.008316 

0.019x9 

0.004360 

In  Table  III  are  shown  the  results  obtained  in  dimethylamine  solu- 
tions. The  curve  for  dimethylamine  hydrochloride  shows  the  typical 
form  obtained  in  ethylamine  curves.  A  maximum  in  concentrated  solu- 
tions is  indicated  and  apparently  the  minimum  had  been  passed  in  a 
0.005  N  solution.  Silver  iodide,  although  quite  soluble,  gave  a  very 
poorly  conducting  solution,  the  slight  molecular  conductivity  falling  off 
rapidly  with  increasing  concentration,  in  every  way  behaving  as  the  solu- 
tion in  ethylamine.  Franklin1  has  previously  noted  the  fact  that  silver 
lLoc.  tit. 
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O.OOII 
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Fig.  10. 

iodide  has  an  abnormally  low  conductivity  in  ammonia  solutions.    This 

abnormality  is  apparently  merely  accentuated  in  the  amine  solutions. 

Tablb  IV. 
Lithium  Chloride  in  Diethylamine. 


C 

A. 

0.1998 

O.OOO4988 

O.I02I 

O.OOO6138 

O.O5199 

O.OOO9478 

O.O2544 

O.OOI205 

Tablb  V. 

Silver  Nitrate  in 

Propylamine. 

e. 

A. 

v. 

O.4588 

3 .  270  (this  value  is 

at2o°C). 

O.4588 

1.660 

O.2802 

1.230 

0.01500 

O.1387 

0.6031 

0.01218 

O.06789 

0.2479 

0.01112 

O.03376 

0.1224 

0.01066 

0.01657 

0.07865 

0.008183 

0.06476 

0.01033 

0.003994 

0.06434 

0.01028 

0.841 


Lithium  chloride  was  the  only  one  of  the  several  salts  used  which  was 
at  all  soluble  in  diethylamine  at  — 33. 5°  and  it  was  only  moderately 
soluble.  The  solutions  in  dimethylamine  were  conductors  of  the  same 
order  as  ethylamine  solutions,  but  diethylamine  proved  to  be  an  extremely 
poor  electrolytic  solvent,  the  conductivity  of  the  lithium  chloride  solution 
in  it  being  of  the  same  order  as  the  conductivity  of  the  silver  iodide  solu- 
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tion  in  dimethylamine,  ao.i  Absolution  having  a  molecular  conductivity 
of  only  0.0006  Kohlrausch  unit. 

Only  one  series  of  measurements  was  made  in  propylamine.  Silver 
nitrate  is  only  fairly  soluble,  a  0.26  N  solution  being  approximately 
saturated  with  the  salt  at  — 33. 5°,  the  limited  solubility  thus  preventing 
the  appearance  of  a  maximum  of  conductivity  in  concentrated  solutions. 


LO;nfC,HJNH 

A 

O.OOI2 

0 

O.OOIO 

• 

\ 

\ 

0.0008 

"V. 

0.0006 

;'\ 

0.0004 

■ 

2.0  1.5  1.0  o5 

LogC. 
Fig.  11. 

The  molecular  conductivity  was  about  the  same  as  for  the  corresponding 
solution  in  ethylamine,  the  lower  values  being  doubtless  due  more  to  the 
greater  viscosities  encountered  than  to  a  difference  in  the  dielectric  con- 
stants. 

None  of  the  salts  used  in  the  preceding  measurements  would  form  a 
conducting  solution  in  trimethylamine  or  triethylamine  or  diethylamine 
other  than  as  noted.  In  Table  VI,  the  specific  conductivities  of  solutions 
saturated  at  — 33 . 5  °  with  these  salts  in  the  above  solvents  are  given.  In 
the  table,  a  is  one  arm  of  the  bridge  where  the  total  length  is  1000  units, 
X  is  the  specific  conductivity,  /  is  tie  capacity  in  microfarads  which  must 
be  introduced  in  parallel  with  the  resistance  box  to  get  a  good  minimum 
in  the  telephone,  and  m  is  the  fraction  of  the  bridge  over  which  a  perfect 
minimum  is  secured. 

Tablb  VI. 

o.  x.  /. 

999.4        3.2  X  io-10      0.1288 

988.1  6.5  X  io-f       0.001 

995.2  2.6  X  io'^       0.019 
997.4         i-4  X  io"1       0.027 


Solute. 

Solvent. 

(CHi)«N.HCl 

(CH,),N 

(CH6)«NH.HC1 

(C,H»)iNH 

Agl 

(CH*),NH 

UC1 

(COI.),N 

0.02 
0.02 
0.02 
O.O5 


Digitized  by 


Google 


CONDUCTIVITIES  OP  CERTAIN  AMINES. 


2473 


The  above  solutions  were  saturated  at  room  temperature  by  stirring 
the  solvent  and  solid  salt  together  by  the  use  of  hydrogen.  The  solu- 
tions were  then  transferred  to  the  conductivity  cell  at  — 33-5°.  In  no 
instance  was  solid  salt  observed  to  separate  out  on  cooling  to  the  lower 
temperature  and  apparently  but  very  little,  if  any,  salt  had  been  dissolved 
in  any  case. 


0.015 


0.6 


0.2 


O.OIO 


In  Table  VII  are  given  the  specific  conductivities  of  the  different  sol- 
vents used,  and  it  will  be  seen  that  the  so-called  solutions  listed  in  Table 
VI  are  but  little,  if  any,  better  conductors  than  the  pure  solvents. 

Tabu*  VII. 
Specific  Conductivities  of  Amines. 


a. 

x. 

/. 

m. 

(CH0.N 

9096 

2.2  X  io~10 

0.1378 

O.02 

CH.NH, 

9230 

46  X  io-» 

O.OOI 

O.05 

(CHi),NH 

995  4 

2.5  X  io~» 

0.019 

O.05 

(CHi),NH 

996.0 

2.2  X  io~f 

0.024 

O.05 

(C,Hi),NH 

995  5 

2.4  X  io"f 

0.024 

O.05 

(CH.)>NH 

995  9 

2.2  X  io~» 

0.025 

O.05 

Since  the  dissociation  of  the  solute  is  far  from  complete  even  in  the  most 
dilute  solution  measured  (0.00006  N),  some  more  delicate  type  of  detector 
than  the  simple  telephone  is  essential  to  enable  any  further  study  of  these 
high  resistance  solutions  to  be  made.  For  this  use,  one  of  the  thermionic 
detectors  or  oscillation  valves  used  in  wireless  work  (such  as  the  "audion" 
or  "pliotron"),  should  be  readily  adaptable.  The  audion  valve  circuit 
could  replace  the  telephone  across  the  bridge  arms  and  the  resulting  uni- 
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lateral  oscillating  current  detected  either  by  a  telephone  or  by  a  galvan- 
ometer.1 

In  Table"  VIII  are  given  the  results  of  the  measurements  of  the  viscosi- 
ties of  the  various  solvents  used.    The  viscosities  of  a  number  of  samples 

Tablb  vin. 
Viscosity  of  Ammonia  at  — 33.5  °. 

s.                    d.                        p.  i.                        ,'.                            n. 

1 LtoR  78.69  58.4  0.002542 

RtoL  78.44  58.9  0.002556               0.002549 

LtoR  78.24  58.9  0.002549 

RtoL  7774  59-0  0.002531               0.002540 

LtoR  67.12  67.7  0.002520 

RtoL  66,77  68.9  0.002553               0.002537 

LtoR  66.47  69.0  0.002545 

RtoL  66.22  69.5  0.002554               0.002550 

2 LtoR  78.46  58.2  0.002526 

RtoL  78.26  59.2  0.002564               0.002545 

LtoR  78.16  58.3  0.002520 

RtoL  78.04  59.2  0.002556               0.002538 

3 RtoL  78.02  58.9  0.002542 

LtoR  77  87  59  3  0.002556               0.002549 

RtoL  7780  59.1  0.002545 

LtoR  77.65  59.1  0.002539               0.002542 

4 LtoR  5150  87.8  0.002518 

LtoR  51.50  88.8  0.002548               0.002553 

RtoL  51-45  87.9  0.002519 

LtoR  51.42  89.0  0.002550               0.002535 

RtoL  40.31  112. 2  0.002528 

LtoR  40.32  113  5  0.002558               0.002543 

RtoL  40.33  1 12. 2  0.002529 

LtoR  40.40  113. 7  0.002568               0.002549 

Mean 0.002543 

Viscosity  of  Ethylamine  at  — 33 .5°. 
1 LtoR  46.13  221.2  0.005757 

RtoL  46.07  221.7  0.005762  0.005760 

2 LtoR  4638  219.7  0.005747 

RtoL  46.15  220.2  0.005733  0.005740 

3 LtoR  47  36  215.3  0.005751 

RtoL  47-21  216.0  0.005753  0.005752 

4 LtoR  47-99  212.2  0.005746 

RtoL  47- 7'  212.8  0.005727  P.005737 

5 LtoR  48.36  210.9  0.003754 

RtoL  48.26  21 1. 3  0.005753  0.005754 

Mean 0.005749 

1  Hall  and  Adams,  This  Journal,  41,  1515  (1919). 
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Table  VIII  (continue®. 
Viscosity  of  Dimethylamine  at  33 .5°. 


I. . . . 

..     LtoR 

40.5 

191. 1 

0.004360 

RtoL 

40.33 

192. 1 

0.004365 

0.004363 

2.  ..  . 

..     LtoR 

40.56 

191 .9 

0.004387 

RtoL 

40.51 

191 -5 

0.004370 

0004379 

3.... 

..     LtoR 

4364 

1775 

0.004361 

RtoL 

43  50 

1778 

0.004358 

0.004360 

4.... 

..     LtoR 

43.48 

178.8 

0.004367 

RtoL 

4330 

1792 

0.004368 
Mean 

0.004368 

0.004368 

Viscosity  of  Trimethylamine  at  — 33 .5°. 

I 

..     LtoR 

40.42 

140.3 

0.003183 

RtoL 

40.37 

1405 

0.003184 

0.003184 

LtoR 

35-37 

160.3 

0.003185 

RtoL 

3518 

161 .2 

0.003187 

0.003186 

2 

..     LtoR 

3704 

155.6 

0.003237 

RtoL 

36.90 

155  5 

0.003222 

0 .003230 

LtoR 

38.92 

148.5 

0.003245     . 

RtoL 

38.72 

H7  9 

0.003215 
Mean 

0.003230 

0.003208 

Viscosity  of  Diethylamine  at  - 

-335°- 

I.  .  .. 

..     LtoR 

73.35 

200.4 

0 .008301 

RtoL 

73.35 

201.2 

0.008322 

0.008312 

LtoR 

73.15 

201 .0 

0.008302 

RtoL 

72.98 

201. 1 

0.008287 

0.008295 

2.  ..  . 

..     LtoR 

73  43 

196.8 

0.008x60 

RtoL 

7325 

198.4 

0.008168 

0.008164 

LtoR 

7305 

198.3 

0.008179 

RtoL 

72.91 

1997 

0 .008223 

0.008201 

3.... 

..     LtoR 

73-22 

198.9 

0.008166 

RtoL 

7308 

200.0 

0.008253 
Mean 

0.008209 

0.008236 

Viscosity  of  Triethylamine  at  - 

-33  5°- 

I.  ..  . 

..     LtoR 

52.26 

262.9 

0.007760 

RtoL 

53  26 

256.1 

0 .007703 

0.007732 

LtoR 

53-21 

257  4 

0.007735 

RtoL 

53.16 

257.1 

0.007719 

0.007727 

2 

..     LtoR 

53  51 

2556 

0.007724 

RtoL 

53.36 

256.0 

0.007713 
Mean 

0.007718 

. .    0.007726 
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of  each  solvent  were  measured  all  at  — 33 . 5  °.  In  the  table  5  is  the  num- 
ber of  the  sample;  d,  the  direction  of  flow  between  the  capillaries;  p,  the 
pressure  in  grams  per  sq.  cm. ;  t,  the  time;  and  i;',  the  calculated  viscosity. 
The  mean  of  the  L  to  R  and  R  to  L  values  or  17  is  the  true  viscosity. 

The  viscosity  of  liquid  ammonia  at  — 33 .5°  has  also  been  measured  by 
Fitzgerald,1  who  found  the  average  value  v  =  0.00266,  using  a  vis- 
cometer of  the  Ostwald  type.  The  average  value  found  in  the  present 
work  was  0.00254.  The  only  possible  claims  for  consideration  of  this 
latter  value  over  that  of  Fitzgerald  are  that  it  is  the  mean  of  a  greater 
number  of  observations  and  that  the  type  of  viscometer  used  gave  a 
much  longer  time  of  flow,  very  greatly  reducing  the  possibility  of  eddy 
currents. 

Table  IX. 
Density  of  Amines  at  — 33 .5°. 
Amine.  Density. 

Dimethylamine o  .727 

Trimetbylamine 0.702 

Ethylamine 0.742 

Diethylamine o  .713 

Triethylamine 0.778 

In  Table  IX  are  given  the  mean  values  of  measurements  of  the  densi- 
ties of  the  amines.  These  results  were  obtained  by  use  of  the  densito- 
meter in  the  manner  described  for  solutions.  The  experimental  values 
are  not  given  as  the  results  are  very  inaccurate  indeed. 

Summary. 

Viscosity  and  conductivity  measurements  have  been  made  on  a  num- 
ber of  solutions  in  ethyl,  dimethyl,  trimethyl,  diethyl,  triethyl  and  propyl 
amines. 

Dimethylamine  proved  to  be  a  poorer  solvent  than  ethylamine,  though 
the  salts  which  did  dissolve  formed  solutions  having  about  the  same 
molecular  conductivity. 

Diethylamine  is  a  still  poorer  solvent  and  a  distinctly  poorer  ionizing 
agent,  a  lithium  chloride  solution  in  it  being  no  better  conductor  than  a 
solution  of  silver  iodide  in  ethylamine. 

The  tertiary  amines  are  distinctly  not  electrolytic  solvents,  no  evidence 
of  salt  solution  being  found  in  any  case  and  solvent  in  equilibrium  with 
solid  solute  did  not  appreciably  gain  in  conductivity. 

In  conclusion,  the  writer  wishes  to  thank  Dr.  E.  C.  Franklin  for  his 
kindly  guidance  and  to  express  his  appreciation  of  him,  both  as  a  friend 
and  a- teacher. 

Univbbsity  ov  Kansas, 
Lawrbncb,  Kansas. 

1  hoc.  tit. 
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THE  MOLECULAR  STATE  OF  WATER  VAPOR.1 

By  James  Kbndaix. 

Received  April  27,  1920. 

Up  to  a  few  years  ago  it  was  universally  considered  that  water  vapor 
at  ordinary  temperatures  was,  so  far  as  could  be  .deduced  from  vapor 
density  determinations,  entirely  monomolecular  H20  and  obeyed  the  gas 
laws  within  the  limits  of  experimental  error.  Regnault's  measurements 
gave  18.0  for  the  molecular  weight,  Gay-Lussac's  18.01  and  Leduc's 
18. i,  while  the  formula  H20  requires  the  value  18.016.2  In  the  deriva- 
tion of  equations  for  osmotic  pressure,  vapor  pressure  lowerings  etc.  in 
dilute  aqueous  solutions  the  assumption  was  accordingly  made,  without 
any  question,  that  water  vapor  could  be  treated  as  a  perfect  gas.  Some 
measurements  by  Winkelmann*  appeared  to  indicate  a  tendency  towards 
association  at  temperatures  slightly  above  normal,  but  even  as  late  as 
1907,  in  a  discussion  at  the  Faraday  Society,4  the  different  results  quoted 
for  saturated  vapor  at  15  °  varied  more  among  themselves  than  from  the 
theoretical  value,  and  the  conclusion  that  the  vapor  behaved  as  a  perfect 
gas  was  undisputed. 

In  1908,  however,  some  calculations  were  published  by  Bose,5  based 
upon  new  vapor  density  determinations  by  Kornatz,6  claiming  that  as- 
sociation in  the  saturated  vapor  was  considerable  even  at  ordinary  tem- 
peratures. The  equilibrium  (HjO)i  "^"^  2H2O  was  assumed  to  exist 
in  the  vapor  phase  and  an  equation  for  the  variation  in  the  equilibrium 
constant  with  temperature  was  derived.  This  equation  indicated  for 
the  saturated  vapor  at  o°,  6.6%  association;  at  50 °,  8.2%  association; 
-at  ioo°,  8.9%  association. 

In  1915  Oddo,7  evidently  ignorant  of  the  work  of  Bose,  calculated  from 
the  tables  of  Landolt-Bornstein8  (Regnault's  data,  reproduced  from 
Zeuner's  "Technische  Thermodynamic')  the  molecular  weight  of  saturated 
water  vapor  between  — 20  °  and  200  °,  obtaining  values  steadily  increas- 
ing from  17.03  at  — 200  to  19.92  at  200 °.  Only  at  320  did  the  experi- 
mental value  agree  with  that  required  by  monomolecular  HjO.  The 
conclusion  was  drawn  that  at  temperatures  below  32  °  a  dissociation 

1  Presented  at  the  Buffalo  Meeting  of  the  American  Chemical  Society,  April 
10,  1919. 

'  Abegg,  "Handbuch  der  anorganischen  Chemie,"  [1]  a,  67,  (1908). 

•  Winkelmann,  Wied.  Ann.,  9,  208  (1880). 

4  Wilsmore,  Trans.  Faraday  Soc.,  3,  85  (1907). 

•  Bose,  Z.  Elektrochem.,  14,  269  (1908). 

•  Kornatz,  Inaug-Diss.,  Kdnigsberg  1908. 

7  Oddo,  Gazz.  Mm.  Hal.  [1]  45,  319  (1915) 

•  "Tabellen,"  191a,  p.  369. 


Digitized  by 


Google 


2478  JAMES  KENDALL. 

equilibrium,  H2O  T"**  H+  +  OH",  existed,  and  above  32  °  an  association 
equilibrium:  (H20)2  Z^l  2H1O.  At  — 200  the  degree  of  "ionization" 
was  calculated  to  be  5.79%;  at  2000  the  "association"  reached  19.11%. 
Great  emphasis  was  laid  upon  the  former  phenomenon — the  spontaneous 
ionization  of  water  vapor — as  opening  up  a  new  field  in  science,  and  in  a 
second  article1  remarkable  deductions  were  drawn  therefrom  upon  such 
diverse  topics  as  atmospheric  electricity,  the  influence  of  temperature  on 
vegetation,  the  respiratory  processes  of  plants  and  animals,  the  electro- 
lytic reactions  in  a  monocellular  organism,  and  the  first  experimental 
mechanism  for  the  origin  of  life. 

An  adequate  discussion  of  so  many  important  questions  cannot  be 
entered  into  here,  but  since  the  molecular  weight  of  water  vapor  is  a  mat- 
ter of  fundamental  interest  in  a  few  minor  fields  (such  as  the  modern 
theory  of  solutions  and  steam  engineering  practice)  it  has  been  thought 
profitable  to  subject  the  mutually  contradictory  conclusions  of  Bose  and 
Oddo  to  a  critical  examination,  particularly  since  these  conclusions  are 
now  quoted  without  reserve  in  standard  monographs.1  The  results  below 
32  °  may  first  be  considered. 

According  to  Oddo,  saturated  water  vapor  below  32  °  is  partly  disso- 
ciated into  hydrogen  and  hydroxyl  ions.  At  o°  the  calculated  degree  of 
ionization  is  2 . 6%,  the  vapor  pressure  being  4 . 6  mm.  From  these  figures 
we  'can  determine  the  concentration  of  hydrogen  and  hydroxyl  ions  in 
saturated  vapor  at  o°.  The  value  obtained  is  7  X  io~8  g.  ions  per  liter, 
in  other  words,  just  200  times  as  great  as  the  corresponding  concentration 
in  pure  liquid  water8  at  o°.  Since  the  mobility  of  the  ions  in  the  vapor 
phase  would  certainly  be  enormously  greater  than  in  the  liquid,  owing  to 
the  diminished  viscosity  of  the  medium,  it  follows  that  the  conductivity 
of  saturated  water  vapor  (or  air  saturated  with  water  vapor)  at  o°  should 
be  comparable  with  that  of  a  fairly  concentrated  salt  solution.  Now  this 
is  admittedly  not  the  case,  hence  Oddo's  whole  argument  must  be  quite 
invalid. 

The  explanation  is  not  far  to  seek.  Regnault's  data  at  temperatures 
below  the  normal  (althpugh  smoothed  off  on  a  curve  to  render  them  con- 
sistent) are  far  too  inaccurate  to  be  employed  as  a  basis  for  determinations 
of  molecular  weights  to  the  second  place  of  decimals.  In  fact,  the  density 
of  the  saturated  vapor  at  pressures  so  low  as  4.6  mm.  becomes  so  small 
that  it  is  impossible  to  measure  it  with  anything  approaching  the  above 
order  of  accuracy.  Even  the  exceedingly  careful  determinations  of 
Young4  on  the  specific  volumes  of  the  saturated  vapor  of  30  organic  liquids 

1  Oddo,  Gazz.  chitn.  ital.,  [1  ]  45,  395  (1915). 

*  See  Turner,  "Molecular  Association/'  1915,  p.  89. 

*  Kohlrausch  and  Heydweiller,  Z.  physik.  Chem.,  14,  317  (1894). 
4  Young,  Proc.  Roy.  Soc.  Dublin,  12,  374  (1910). 
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are  conceded  to  be  uncertain  at  the  lower  temperatures  investigated,  for 
this  same  reason.  Consequently,  until  more  definite  proof  of  this  spon- 
taneous ionization  of  water  vapor  is  brought  forward,1  we  cannot  con- 
sider the  molecular  weight  of  water  vapor  to  be  appreciably  diverted  from 
the  normal  value  as  a  consequence  of  such  ionization. 

It  remains  to  examine  the  abnormally  high  vapor  densities  for  tem- 
peratures above  normal,  upon  which  both  Bose  and  Oddo  postulate  the 
equilibrium  (HiO)i  T"**  2H1O.  Bose's  calculations  are  dependent  en- 
tirely upon  a  series  of  19  determinations  at  13  different  temperatures  (T 
ranging  from  500  to  182 °,  p  ranging  from  52.6  to  790  mm.)  by  Kornatz. 
It  is  true  that  a  few  isolated  measurements  of  previous  investigators  are 
quoted,  which  are  in  fair  agreement  with  these  results,  but  of  the  many 
determinations  which  do  not  agree  no  mention  is  made. 

While  Kornatz's  measurements  certainly  indicate  a  greater  vapor 
density  than  the  theoretical  for  monomolecular  water  throughout  the 
whole  series,  yet  examination  shows  that  at  any  one  temperature  the  ob- 
served variation  in  density  with  pressure  is  systematically  different  from 
that  calculated  by  the  use  of  Bose's  equation  for  the  equilibrium:  (H*0)i 
Z^l  2H1O.  The  following  table  will  illustrate  this  clearly.  Densities  are 
given  relative  to  air;  the  theoretical  ratio  for  monomolecular  water  is 
0.6216. 

Variation  Variation 

Density  (obs.).  with  p.  Density  (calc).  with  p. 

O.6324  \  O.6307  \ 

0.64.9/        0009S       0.6446/        °0139 

O.6308  \  -  O.6276  \ 

_    >      O.OO63        -    >      O.OI44 
O.6371  J  O.6420  J  ** 

O.6307  \  O.6278  \ 

*       >  O.OO52  >  O.OII6 

0.6359  J  O.6394J 

O.6286  \  -  O.6247  \ 

,    >      0.0061       ,  Zl   >      0.0119 
0.6347  J  0.6366  J 

0.6282  \  0.6247  \ 

0.6333/  °-°°51  0.6338/  o"*1 

It  will  be  evident  from  the  above  table  that  the  observed  variation  is 
approximately  only  50%  of  the  calculated.  Bose  remarks,  in  a  passing 
comment  on  this  fact,  that  it  is  possible  that  the  experimental  results 
are  affected  by  systematic  errors,  which  may  be  partially  explained  by 
assuming  that  the  equilibrium  (HaO)2  "<"**  2H2O  in  the  vapor  phase  is 
only  slowly  established.  It  is  extremely  improbable  that  this  assumption 
is  correct,  since  even  in  liquid  water  no  indication  of  anything  but  in- 
stantaneous equilibria  between  the  different  molecular  species  present 
has  ever  been  obtained.    If  Kornatz's  data  are  trustworthy,  Bose's  in- 

1  The  dielectric  constant  of  water  vapor  is  so  near  to  unity  as  to  appear  to  preclude 
more  than  the  merest  trace  of  ionization  (Badeker,  Z.  physik.  Chan.,  36,  305  (1901). 
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terpretation  of  them  is  not  justified;  if  they  are  not  trustworthy,  no  such 
interpretation  should  have  been  attempted. 

We  are  consequently  left  to  face  the  fact  that,  while  vapor  density  meas- 
urements for  temperatures  above  the  ordinary  give  abnormally  high  re- 
sults, these  high  results  cannot  be  adequately  explained  by  assuming 
association  in  the  vapor  phase.  Indeed,  other  evidence  renders  it  cer- 
tain that  such  association  is  negligible  even  at  100  °.  Let  us  compare 
the  abnormality  in  the  density  of  saturated  water  vapor  at  this  tempera- 
ture with  the  abnormalities  shown  by  the  saturated  vapors  of  other  liquids 
at  their  boiling  points.  The  data  in  the  following  table  are  taken  from 
Washburn.1 

Benzene 80.1  1.024                                 0.990 

Pentane 36 .3  1 .046                                1 .002 

Heptane 98 .4  1 .055                               1 .007 

Chlorobenzene 132 .0  1 .055                                1 .019 

Nitrogen — 195-7  1.05                                    1.00 

Helium — 268.5  *  °9                                  

Water 100 .0  1.028"                              1.018* 

•  Value  taken  from  Regnault's  determinations;  see  Oddo,  Goes.  chim.  ital.,  [1)459 
328  (1915). 

*  Critical  data  employed  were  taken  from  Holborn  and  Baumann,  Ann.  Physik* 
M  31*  945  (1910). 

The  ratios  obtained  in  the  third  column  show  that  all  substances  (even 
such  generally  accepted  non-associated  liquids  as  the  saturated  hydro- 
carbons and  the  inert  gases)  give  saturated  vapors  of  abnormally  high 
density  even  at  pressures  as  low  as  one  atmosphere.  As  has  been  pointed 
out  by  Guye,2  the  assumption  of  the  merest  trace  of  association  in  the 
vapor  phase  involves  extreme  association  in  the  more  concentrated  liquid 
phase,  consequently  if  the  above  abnormalities  are  due  to  molecular 
complexity  in  the  vapor  state  than  even  the  so-called  "normal"  liquids 
are  all  exceedingly  complex.  While  it  would  be  going  too  far  to  state 
that  we  have  no  indications  of  association  in  the  liquid  state  for  the  sub- 
stances listed  above,8  yet  their  general  physical  properties  show  conclu- 
sively that  any  deviations  from  ideality  are  very  slight. 

To  what,  then,  are  the  abnormalities  due?  To  the  simple  fact  that  the 
saturated  vapors  under  discussion  do  not  exactly  follow  the  gas  laws,  but 
require  a  correction  according  to  the  equation  of  state.  When  such  a  cor- 
rection is  applied  (as  has  been  done  in  the  last  column  of  the  above  table 

1  Washburn,  "Principles  of  Physical  Chemistry,"  1915,  p.  31. 

1  Guye,  Trans.  Faraday  Soc,  6,  84  (1910). 

8  Dolezalek  has  recently  claimed  (Z.  physik.  Chem.,  93,  585  (1919)),  that  liquid 
argon  is  slightly  associated,  but  rightly  notes  that  such  association  does  not  extend 
appreciably  unto  the  vapor  phase. 
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by  means  of  Berthelot's  modification  of  van  der  Waal's  equation)1  the 
abnormalities  practically  disappear. 

It  will  be  noticed  that  water  vapor  diverges  less  from  the  "theoretical" 
than  the  majority  of  substances  listed.  Have  we  any  more  reason  to 
attribute  the  abnormalities  here  to  the  presence  of  dimolecular  (HiO)t 
than  we  have  to  postulate  polymerization  in  pentane  vapor  or  the  ex- 
istence of  He2  in  helium  gas?  It  is  true  that  liquid  water  is  highly  asso- 
ciated, and  that  the  vapors  of  certain  similarly  associated  liquids  such 
as  acetic  acid2  show  unmistakable  association  even  at  low  temperatures, 
yet  from  the  values  obtained  in  the  table  above  it  is  evident  that,  below 
100  °  at  least,  association  in  water  vapor  can  only  be  minute.  While  the 
observed  vapor  density  is  still  slightly  above  the  corrected  theoretical 
value,  yet  the  excess  is  not  so  great  as  in  the  case  of  chlorobenzeneandmay 
be  accounted  for  in  part  by  uncertainty  in  the  critical  data.*  At  tempera- 
tures approaching  the  critical,  where  the  pressure  is  very  high,  associa- 
tion of  the  saturated  vapor  may  become  appreciable,4  but  the  extensive 
association  claimed  by  Bose  and  Oddo  at  temperatures  below  the  boiling 
point  is  certainly  an  exaggeration  of  the  facts. 

In  conclusion,  it  is  necessary  to  record  a  protest  against  the  optimistic 
habit,  prevalent  among  writers  of  text  books  as  well  as  of  original  arti- 
cles, of  treating  all  gases  as  perfect.  In  work  on  gaseous  systems,  it  is 
rare  to  find  any  correction  applied  for  "the  equation  of  state,"  although 
frequently  intricate  calculations  which  presuppose  considerable  accuracy 
are  carried  out  with  the  use  of  the  observed  densities.  In  technical 
processes  (probably  following  Haber's  "Thermodynamics  of  Technical 
Gas  Reactions"  and  similar  monographs)  no  regard  at  all  is  commonly 
paid  to  possible  abnormalities,  even  when  reactions  under  high  pressures 
are  considered.  That  the  quantities  of  different  gases  introduced  into  the 
reaction  vessels  under  such  conditions  are  quite  at  variance  from  the  cor* 
rect  proportions  has  been  strikingly  shown  in  recent  work  on  the  Haber 
process.'  The  extended  discussion  of  this  general  question  given  by 
Lewis  in  several  articles8  does  not  appear  to  have  attracted  the  atten- 
tion which  it  deserves. 

1  See  Washburn,  loc.  tit.,  p.  33. 

*  Young,  loc.  cit. 

1  If  association  exists  at  the  critical  point,  the  critical  data  are  not  strictly  ap» 
plicable  to  the  Berthelot  equation. 

4  The  experiments  of  Ramsay  and  Young  (Phil.  Trans.,  183,  107  (1892)),  indicate 
a  rapid  increase  in  the  ratio  (obs./calc.)  above  200  °.  At  2700  the  observed  vapor 
density  is  more  than  15%  in  excess  of  the  corrected  theoretical. 

*  "Physical  and  Chemical  Data  of  Nitrogen  Compounds,"  p.  5-6  (M.  I.  D.  Re- 
search Laboratory,  University  College,  London,  1918). 

*  G.  N.  Lewis,  Proc.  Am.  Acad.,  37,  66  etc.  (1901);  43,  262  (1907);  This  Journal, 
37i  2309  (1915). 
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For  the  same  reason,  vapor  density  determinations  upon  dissociating 
substances,  such  as  phosphorus  pentachloride  and  the  ammonium  halides,1 
will  not  furnish  exact  values  for  their  dissociation  unless  correction  is 
made  for  the  appreciable  divergence  from  the  perfect  gas  laws  of  all  of 
the  substances  concerned  in  the  equilibrium.  The  possible  error  in  func- 
tions derived  from  variations  in  the  calculated  degrees  of  dissociation  (such 
as  the  heat  of  dissociation)2  will  naturally  be  much  greater.  To  attempt 
to  obtain  quantitative  values  for  the  association  of  liquid  water  from 
uncorrected  vapor  density  measurements,  as  has  been  done  by  Guye,1 
is  obviously  altogether  futile. 

In  the  standard  Victor  Meyer  vapor-density  experiment  the  text- 
books on  practical  physical  chemistry  "allow"  the  student  an  error  of 
"less  than  5%/'  although  the  abnormalities  in  the  vapor  densities  of 
many  common  liquids  exceed  that  value.  Since  corrections  of  less  than 
1%  (*.  g.,  for  the  water  vapor  content  of  the  atmosphere)4  have  been 
proposed,  it  would  evidently  be  well  worth  while  to  introduce  the  equa- 
tion of  state  factor  into  the  discussion.  Otherwise,  the  accurate  student 
and  the  conscientious  instructor  will  inevitably  clash,  without  prospect 
of  reconciliation. 

Summary. 

The  monomolecular  nature  of  water  vapor  has  recently  been  questioned, 
"spontaneous  ionization"  of  HjO  into  H+  and  OH~  at  low  temperatures 
and  association  into  (HjO)»  at  higher  temperatures  being  postulated.  It 
has  been  shown  here  that  the  evidence  for  the  existence  of  the  equilibria 
HjO  ^±1  H+  +  OH"  and  2H2O  ^±1  (HiO)i  is  in  each  case  entirely 
insufficient,  that  the  abnormalities  in  the  vapor  densities  of  normal  sub- 
stances at  their  boiling  points  are  similar  to  that  in  water  vapor  at  100  °, 
and  that  such  abnormalities  practically  vanish  on  applying  the  correc- 
tions for  deviation  from  the  perfect  gas  laws. 

An  "equation  of  state"  correction  is  similarly  necessary  in  gas  reactions 
at  high  pressures,  in  calculations  on  dissociation  in  the  vapor  state  and 
in  Dumas  or  Victor  Meyer  vapor-density  determinations. 

Nsw  York,  N.  Y. 

1  Smith  and  I^ombard,  This  Journal,  37,  38,  2055  (1915)- 

*  Smith  and  Lombard,  loc.  cit.f  p.  55. 

•  Guye,  Trans.  Faraday  Soc.,  6,  84  (19 10). 
4  Evans,  This  Journal,  35,  958  (1913). 
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[Contribution  prom  tbs  Kbnt  Chsmical  Laboratory  of  thb  University  of 
Chicago  and  thb  Furman  Chemical  Laboratory  op  Vandbrbilt  University.  1 

THE   PROPERTIES   OP    SUBSIDIARY   VALENCE    GROUPS.     I. 
THE    MOLECULAR    VOLUME    RELATIONSHIPS    OF    THE 
HYDRATES  AND  AMMINES  OF  SOME  COBALT  COM- 
POUNDS.   H.  SUBSIDIARY   GROUP   MOBILITY  AS 
STUDIED  BY  THE  HEAT  DECOMPOSITION 
OF  SOME  COBALTAMMINES. 
By  George  L.  Clark,  A.  J.  Quick,  and  William  D.  Harkins. 

Received  August  13,  1920. 

The  problem  of  the  nature  of  subsidiary  valence,  together  with  the 
factors  determining  Werner's  "coordination  numbers,"  is  now  assuming 
renewed  importance  and  interest  in  the  light  of  the  newer  ideas  on  the 
space  structure  of  the  atom  as  outlined  by  Parson,  Lewis,  Born  and  Landd, 
Langmuir,  and  others,  and  on  the  space  lattice  structure  of  crystals  as 
based  on  the  researches  of  Laue,  the  Braggs,  Hull,  and  others,  together 
with  the  experimental  work  of  Ephraim  and  of  Biltz  upon  new  com- 
pounds exhibiting  this  type  of  valence.  The  present  investigation  was 
begun  4  years  ago  in  the  endeavor  to  show  that  the  interatomic  and  inter- 
molecular  dectromagnetic  fields  are  the  largest  factor  in  determining  the 
stability  of  these  compounds.  The  present  paper  treats  of  the  closely 
related  molecular,  atomic,  and  group  volumes.  It  seemed  to  the  writers 
to  be  probable  that  the  relative  volumes  of  the  anion,  cation,  and  of  the 
groups  held  by  subsidiary  valence,  as  they  exist  in  the  complex  molecules 
would  be  of  great  importance  in  determining  the  stability.  Ephraim1 
had  already  proved  that  the  volumes  of  the  cation  and  anion  before 
entering  into  this  combination,  are  of  importance.  The  necessity  for 
a  careful  study  of  these  and  other  properties  of  subsidiary  valence 
groups  has  been  accentuated  by  the  recent  work  of  Clark  and  Quick* 
on  the  preparation  of  p-phenylene-diamine  by  the  action  of  ammonia  on 
^-dichloro-benzene  in  the  presence  of  certain  salts  capable  of  forming 
ammines,  thus  pointing  to  a  catalytic  activation  of  the  ammonia  in  the 
intermediate  subsidiary  valence  stage. 

The  usual  number  of  subsidiary  valences  is  of  course  6  as  postulated 
by  Werner,  but  it  is  incorrect  to  assign  this  number  rigidly  to  all  possi- 
ble cases.  Ephraim,  as  cited  above,  has  shown  that  only  the  metals  with 
an  atomic  volume  less  than  14  are  able  to  form  hexammines,  and  that  the 
stability  of  the  compounds  containing  6  ammonia  molecules  and  a  com- 
mon anion,  decreases  with  increasing  atomic  volume  of  the  cation.  This 
is  what  might  be  expected  from  the  general  relations,  since  a  relatively 

1  Ephraim,  Z.  physik.  Chan.,  81, 513-39  (1913) ;  83, 196  (1915) ;  Ber.t  45, 1323  (1912). 
*  Clark  and  Quick,  This  Journal,  42,  1033  (1920). 
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small  atomic  volume  for  an  atom  in  a  solid  is  an  indication  of  the  exist- 
ence around  it  of  a  relatively  intense  electromagnetic  field.1 

If,  as  it  is  postulated  by  Ephraim,  each  metal  atom  is  surrounded  by  8 
anion  groups  in  the  space  lattice,  it  is  reasonable  to  expect  that  when  the 
relative  volumes  of  the  anion  and  cation  are  varied  the  packing  will  be- 
come more  or  less  compact,  and  it  may,  therefore,  be  expected  that,  pro- 
vided the  group  volume  of  the  anion  becomes  sufficiently  great,  there  will 
be  the  possibility  of  packing  more  than  6  ammonia  groups  around  the 
cation. 

Some  experimental  work  which  will  be  described  later  in  this  paper, 
and  which,  though  it  seems  to  be  correct,  is  nevertheless  less  well  verified 
than  any  of  the  other  work  of  the  paper  on  account  of  its  sudden  inter- 
ruption by  the  war,  indicates  that  we  have  been  able  to  attach  10  ammonia 
groups  to  one  cobalt  atom.  Certain  features  of  the  results  have  led  us  to 
use  the  term  "cavity"  to  indicate  a  position  in  molecule,  or  in  the  space 
lattice  of  a  crystal,  where  an  extra  atom  may  be  squeezed  in  without  add- 
ing appreciably  to  the  total  volume  of  the  crystalline  substance.  It  is 
obvious  that  these  results  may  be  the  consequence  of  an  entire  change  in 
the  crystal  and  its  rearrangement  into  a  much  closer  state  of  packing. 

Bphraim's  work  on  the  dissociation  temperatures  of  the  hexammines 
shows  that  with  the  same  metal  the  dissociation  temperature  is  higher 
for  the  compound  with  an  anion  of  higher  atomic  or  group  volume.  In 
his  more  recent  work8  he  describes  some  octammines.  Now  it  may  be 
noticed  that  these  are  invariably  compounds  containing  anions  (organic 
aromatic  radicals)  which  are  very  large  compared  to  the  metal,  with  the 
result  that  the  "cavities"  around  the  metal  atom  can  actually  hold  2  more 
than  the  usual  number  of  ammonia  groups.  The  influence  of  volume  thus 
receives  a  further  verification. 

That  the  addition  of  the  2  extra  groups  does  not  produce  any  remark- 
able change  in  the  general  characteristics  of  the  molecules,  is  shown  by 
the  fact  that  there  is  little  color  change,  thus  indicating  that  the  vibra- 
tion of  the  more  loosely  bound  electrons  is  only  very  slightly  affected. 
In  our  own  work  even  the  addition  of  the  4  extra  ammonia  groups  did  not 
greatly  change  the  color,  though  there  was  a  definite  change. 

Biltz  and  Fetkenheur*  have  recently  isolated  alpha  and  beta,  or  what 
they  consider  to  be  cis  and  trans  stereoisomers  of  the  diammines  of  the 
cobaltous  halides.  That  these  are  different  compounds  they  concluded 
from  the  fact  that  the  colors  are  entirely  different.  It  will  be  shown  in 
this  paper  that  their  densities  are  also  different. 

1  Harkins  and  King,  "An  Electromagnetic  Hypothesis  of  the  Kinetics  of  Hetero- 
geneous Equilibrium,  the  Structure  of  Liquids,  and  Cohesion."  This  Journal,  4*» 
970-92  (1919). 

g  Ephraim,  Ber.,  51,  644-69  (1918). 

*  Biltz  and  Fetkenheur,  Z.  anorg.  Chem.,  89,  97  (1914). 
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With  all  the  points  just  outlined  in  view,  it  was  considered  of  funda- 
mental importance  in  the  further  study  of  the  position  and  number  of 
subsidiary  valence  groups  and  the  stability  of  the  compound  to  know  how 
the  groups  themselves  change  in  volume  as  they  are  packed  into  the 
space-lattice  cavities  of  the  crystal,  for  this  would  at  once  serve  to  indi- 
cate the  size  of  the  cavities,  the  limiting  compressibility  of  the  subsidiary 
groups,  and  the  effects  of  both  anion  and  cation.  The  purpose  of  this 
paper,  therefore,  is  to  make  such  an  interpretation  in  a  preliminary  way 
from  accurate  measurements  and  comparisons  of  molecular  volumes. 
It  is  limited  to  the  hydrates  and  ammines  of  the  chloride  and  sulfate  of 
bivalent  cobalt  and  3  cobaltic  chloride  ammines  for  purposes  of  compari- 
son. Of  intrinsic  value  are,  first,  the  study  of  the  methods  of  prepara- 
tion and  the  actual  composition  of  the  compounds,  concerning  which 
there  is  a  surprisingly  wide  difference  of  opinion;  and  second,  the  specific 
gravity  determinations.  It  is  a  reflection  upon  present  day  chemistry 
that  the  specific  gravity  of  cobalt  sulfate,  for  example,  which  is  generally 
quoted  in  tables,  was  determined  in  1845  without  any  refinement  in 
method,  and  that  several  others  now  accepted  were  made  with  water 
as  the  liquid.  A  few  compounds  are  described  and  specific  gravities  given 
for  the  first  time. 

Part  II  of  this  paper  gives  the  interesting  results  of  experiments  upon 
the  effect  of  heat  on  the  cobaltammines,  from  which  information  may  be 
gained  as  to  the  stability  of  the  subsidiary  valence  unions,  the  constrained 
mobility  of  the  groups,  and  the  possible  secondary  chemical  reactions 
when  heat  energy  has  overcome  the  electric  and  magnetic  forces  which 
enable  the  ammine  molecule  to  hold  together. 

Experimental. 

Specific  Gravity  Determinations. — The  specific  gravity  determina- 
tions were  carried  out  by  means  of  a  pycnometer  having  a  side-arm  capil- 
lary tube  such  as  is  used  for  the  accurate  determination  of  the  densities 
of  liquids.  The  stoppers  were  specially  ground  so  carefully  that  there 
was  no  need  for  the  use  of  phosphoric  acid  or  grease  as  a  lubricant,  thereby 
removing  any  possibility  of  contamination.  The  pycnometer  was  re- 
peatedly carefully  standardized  with  freshly  distilled  water.  The  liquids 
used  in  the  determinations  were  kerosene,  xylene  and  toluene.  They 
were  purified  by  allowing  them  to  stand  over  solid  sodium  hydroxide  for 
several  days,  further  dehydrated  with  metallic  sodium,  and  then  frac- 
tionated, the  middle  portion  being  collected.  The  boiling  point  and  the 
specific  gravity  of  the  fraction  taken  at  25  °  and  compared  to  water  at  40 
were  as  follows: 

Liquid.  Boiling  point.  °  C.  Sp.  gr. 

Kerosene 145-180  0.78824 

Toluene 106-107  0.86584 

Xylene I33~i34  0.86286 
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It  might  be  mentioned  that  no  vacuum  correction  for  the  pycnometer 
was  made  since  the  air  displaced  by  it  was  always  the  same.  The  object 
in  using  3  liquids  was  to  avoid  as  far  as  possible  any  errors  due  to  solu- 
bility of  the  compounds  in  perhaps  one  or  another  of  the  liquids. 

The  determination  of  the  specific  gravity  of  the  various  compounds 
to  be  described  was  based  on  the  replacement  of  one  of  the  3  liquids  by 
a  known  weight  of  the  solid.  This  was  weighed  directly  in  the  pycnom- 
eter, covered  with  the  liquid  and  the  occluded  air  removed  by  suction. 
The  latter  process  was  repeated  after  the  pycnometer  had  been  left  in  the 
thermostat  for  at  least  30  minutes.  Hygroscopic  materials  were  introduced 
into  the  pycnometer  by  means  of  a  wide  funnel  in  a  box  kept  desiccated. 
Every  compound  whose  specific  gravity  was  determined  was  passed 
through  a  100-mesh  sieve,  and  in  the  case  of  anhydrous  salts  the  dehy- 
drated salt  was  ground  to  tfce  desired  fineness,  passed  through  thfe  sieve 
and  then  redehydrated. 

As  a  final  check  on  the  measurements  many  were  repeated  using  in- 
stead of  the  pycnometer  a  tube  5  mm.  in  diameter  graduated  in  0.1  cc. 
and  carefully  calibrated  as  recommended  by  LeChatelier  and  Bogitch.1 
This  was  filled  with  the  liquid,  the  meniscus  carefully  read,  and  then  a 
weighed  quantity  of  the  solid  introduced  and  the  volume  noted  from  the 
movement  of  the  meniscus.  Results  by  the  pycnometric  and  the  tube 
methods  were  entirely  concordant  in  every  case. 

The  results  are  tabulated  in  Table  I,  each  single  value  representing  an 
average  of  3  to  6  determinations.  The  utmost  care  was  exercised  in 
every  particular  so  that  the  values  are  probably  accurate  to  within  0.2%. 
In  2  cases  variations  from  values  derived  in  Harvard  atomic  weight  de- 
terminations were  less  than  this. 

Analytical  Methods. — Ammonia.  A  weighed  amount  of  the  ammine 
was  put  into  a  small  weighing  bottle,  dropped  through  a  wide  closed  funnel 
into  a  solution  of  sodium  hydroxide,  and  the  liberated  ammonia  distilled 
into  standard  acid  solution.  The  usual  precautions  were  taken,  includ- 
ing a  blank  test  showing  that  the  reagents  were  pure  and  that  no  fixed  alkali 
was  swept  over. 

Water. — The  sample  was  put  into  a  combustion  tube  and  heated  to 
the  necessary  temperature.  A  slow  current  of  dry  air  was  passed  over 
the  sample  and  the  liberated  water  collected  in  a  U-tube  filled  with  fused 
calcium  chloride,  or,  in  the  case  of  compounds  containing  both  water  and 
ammonia,  with  potassium  hydroxide.  Horn  and  Taylor3  have  shown 
that  this  latter  method  is  entirely  rigorous. 

Compounds  Studied. — Anhydrous  Cobaltous  Chloride.    This  was  pre- 
pared from   Kahlbaum's  purest  crystallized  cobaltous  chloride  hexa- 
1  LeChatelier  and  Bogitch,  Compt.  rend.,  163,  459  (1916). 
*  Horn  and  Taylor,  Am.  Chem.  J.,  32,  256  (1904). 


Digitized  by 


Google 


PROPERTIES  O*  SUBSIDIARY  VALENCE  GROUPS.         2487 

hydrate,  by  heating  to  160-1700  until  a  uniformly  light  blue  product 
was  obtained.  It  was  found  very  advisable  to  conduct  the  dehydration 
in  an  atmosphere  of  dry  hydrogen  chloride.  The  preparation  of  the  per- 
fectly anhydrous  salt  presents  a  problem  in  itself.  The  usual  recom- 
mendation for  the  temperature  of  dehydration  is  1400,1  but  the  salt  de- 
hydrated at  this  temperature  always  has  a  purplish  tinge  indicative  of 
minute  traces  of  moisture.  The  extremely  delicate  color  sensitiveness  to 
moisture  shows  that  only  the  pure  blue  salt  is  really  in  a  state  of  perfect 
dehydration,  and  is  obtained  at  160-170  °  in  the  presence  of  dry  hydro- 
gen chloride  or  hydrogen.  The  temperature  may  be  raised  to  400  ° 
for  a  short  time  without  apparent  decomposition,  but  at  this  point  dark 
spots  begin  to  appear.  It  has  been  found  possible  in  this  work  to  sub- 
lime anhydrous  cobaltous  chloride  below  500  °  in  a  brick-lined  electric 
oven  under  slight  pressure  of  hydrogen  chloride  into  colorless,  but  won- 
derfully iridescent  fluffy  crystals,  which  crumble  into  a  pink  powder  in 
the  presence  of  a  minute  amount  of  water  vapor. 

Specific  gravities  are  as  follows:  in  xylene,  3.360;  in  toluene,  3.352; 
in  kerosene,  3.356;  average,  3.356.  Baxter  and  Coffin,*  who  made  a 
careful  determination,  found  practically  the  same  value,  3.348. 

Cobaltous  Chloride  Hexahydrate. — A  pure  commercial  product  was 
used.  An  analysis  for  water  gave  the  following  results: 
Calc.  for  C0CU.6H1O:  HiO,  45.38.  Found:  45.15. 
Values  of  the  specific  gravity  are  1 .923  in  toluene,  1 .925  in  xylene,  or 
1 .  924  average.  The  only  other  value  of  this  constant  found  in  the  litera- 
ture and  the  one  now  generally  used  is  1.84,  determined  by  Bodeker,8 
whose  work  has  been  found  inaccurate  in  many  cases.4 

Cobaltous  Chloride  Dihydrate. — This  compound  was  formed  by  keeping 
the  hexahydrate  over  cone,  sulfuric  acid  at  50  °  for  36  hours.  A  dark 
purple  compound  was  formed  giving  the  following  analysis  for  water. 
Calc.  for  C0CI1.2H1O:  HiO,  21.70.  Found:  21.60. 
All  attempts  to  prepare  definite  intermediate  hydrates  between  2 
and  6  failed,  confirming  the  results  of  Derby  and  Yngve.*  Specific 
gravity  values  are:  2.470  in  kerosene,  2.485  in  xylene,  2.477  average. 

Cobaltous   Chloride  Hexammine. — This   ammine   was   prepared   in   4 

different  ways.    The  first  method,  following  the  method  described  by 

Ephraim/  consisted  in  passing  dry  ammonia  gas  over  anhydrous  cobaltous 

chloride.    The  first  trace  turned  the  salt  deep  blue,  then  red,  then  finally 

1  Wyrouboff,  Bull.  soc.  chim.  [3],  5,  462  (187 1);  Potilitizer,  Ber.,  17,  280  (1884). 

1  Baxter  and  Coffin,  This  Journal,  28,  1587  (1906). 

'  BGdeker,  "Die  Beziehung  zwischen  Dichte  und  Zusammenhang  bei  festenund 
liquiden  Stoften."    Leipzig,  x86o. 
4  Am.  Chan.  J.,  31,  228  (1904). 
1  Derby  and  Yngve,  Tms  Journal,  38,  1439  (1916). 
•  Ephraim,  Ber.,  45,  1323  (19x2). 
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flesh  colored.  Using  the  perfectly  dehydrated  salt,  a  number  of  samples 
have  been  prepared  in  this  way,  giving  practically  theoretical  analyses. 
Using,  however,  some  of  the  chloride  dehydrated  without  precautions, 
the  ammonia  content  of  the  ammine  always  approximated  5.5  moles 
instead  of  6.  In  the  effort  to  raise  the  content  the  experiment  was  re- 
peated at  a  temperature  of  — io°,  and  finally  liquid  ammonia  was  added 
to  the  salt  in  a  Dewar  bulb;  but  in  either  case  the  resulting  product  showed 
no  appreciable  increase  in  ammonia.  Average  specific  gravity  values 
of  the  pure  hexammine  prepared  in  the  dry  way  are:  1.495  in  toluene, 
1 .489  in  kerosene,  1 .507  in  xylene,  or  1 .497  average  in  the  3  liquids. 

The  compound  was  prepared  a  second  way  by  passing  dry  ammonia 
gas  through  a  solution  of  anhydrous  cobaltous  chloride  in  absolute  alco- 
hol, producing  first  a  pale  red  precipitate  which  gradually  changed  to 
the  light  flesh  color  identical  in  shade  with  that  produced  by  the  dry 
method.    A  specific  gravity  determination  in  kerosene  gave  1.533. 

The  ammine  was  also  prepared  in  the  wet  way,  by  bubbling  ammonia 
through  a  saturated  solution  of  the  chloride  in  water.  Surprisingly  good 
results  were  obtained  for,  as  the  solution  approached  saturation  perfect 
octahedral  crystals,  dark  red  in  color,  separated.  These  were  filtered 
off  in  an  atmosphere  of  hydrogen,  washed  with  cone,  ammonium  hy- 
droxide, then  alcohol  saturated  with  ammonia,  and  finally  ether.  The 
product  was  fairly  stable  in  air  after  being  dried  in  an  atmosphere  of 
hydrogen  at  slightly  above  room  temperature.  Analysis  of  the  com- 
pound gave  the  following  results: 

Cole,  for  CoCU.6NH»:    CI,  30.57;  NH*  43.99.    Found:  CI,  3043;  NH|,  43.68. 

The  specific  gravity  of  this  sample  is  1.506.  In  this  connection  a 
number  of  experiments  were  performed  to  ascertain  whether  ammonia 
groups  will  always  displace  water  when  held  by  subsidiary  valence  bonds. 
Dry  ammonia  was  passed  over  cobaltous  chloride  hexahydrate  and  the 
water  was  absorbed  by  solid  potassium  hydroxide  as  it  was  liberated.  An 
exceedingly  unstable  series  of  compounds  is  formed  as  the  process  continues, 
and  these  compounds  are  instantly  oxidized  at  first  contact  with  air.  After 
several  hours,  however,  all  the  water  of  hydration  is  replaced  by  ammonia 
and  the  perfectly  stable  hexammine  is  left.  The  greater  ease  with  which 
ammonia  molecules  can  exist  as  subsidiary  valence  groups  is  thus  clearly 
demonstrated.1 

The  hexammine  was  finally  prepared  under  pressure.  No  mention 
of  this  method  could  be  found  in  the  literature,  although  it  affords  a  con- 
venient process  especially  for  cobaltous  ammines  which  oxidize  easily. 
By  means  of  it  the  tedious  process  of  bubbling  ammonia  through  the 
solution  or  passing  over  the  dry  salt  is  eliminated,  and  at  the  same  time 

1  Ephraim  and  Rosenberg,  Ber.,  51,  130  (1918),  show  that  the  hexammine  of  co- 
baltous nitrate  is  very  easily  prepared  in  this  way. 
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the  yield  is  markedly  increased  and  a  beautifully  crystalline  product  is 
obtained.  The  details  of  the  method  are  as  follows.  35  g.  of  hydrated 
chloride,  50  cc.  of  cone,  ammonium  hydroxide,  and  10  cc.  of  alcohol 
were  put  into  a  pressure  flask  and  heated  in  a  bath  of  boiling  water.  In 
about  an  hour  complete  solution  took  place,  whereupon  the  bath  was  al- 
lowed to  cool  very  slowly.  Large,  well  defined  crystals  separated.  The 
supernatant  liquid  was  decanted  off  and  the  crystals  washed  successively 
by  decantation  with  cone,  ammonium  hydroxide,  alcohol  and  ether. 
The  crystals  were  identical  in  color,  form  and  composition  with  those 
obtained  by  the  wet  method. 

Cobaltous  Chloride  Pentammine  Monohydrate. — It  was  found  that  by 
using  the  third  or  wet  method  described  for  the  hexammine  except  that 
the  solution  of  the  chloride  is  first  heated  to  boiling  and  then  cooled  down 
during  the  passage  of  the  ammonia  to  — io°,  a  product  quite  different 
from  the  red  octahedral  crystals  was  obtained.  It  was  a  fine  pink  pow- 
der which  gave  the  following  analysis: 

Calc.  for  CoCU.5NH,.iH,0:  Co,  25.26;  a,  30.31 ;  NH,,  36.60;  HtO,  7.73.    Found: 
Co,  25.24;  CI,  30.39;  NHi,  36.51;  HtO,  7.55. 

The  cobalt  in  this  case  was  determined  by  electrolysis  as  metallic  cobalt 
from  a  solution  made  alkaline  with  ammonium  hydroxide  and  contain- 
ing 4  times  the  weight  of  cobalt  of  ammonium  chloride.  It  is  doubtful 
whether  this  is  as  definite  a  compound  as  the  hexammine,  since  other  samples 
gave  a  somewhat  higher  ammonia  and  lower  water  content.  That  the 
compound  differs  from  the  hexammine,  however,  is  shown  by  the  differ- 
ence in  their  hydrolysis  by  water.  The  hexammine  is  completely  decom- 
posed, forming  a  precipitate  of  cobaltous  hydroxide  and  a  clear  super- 
natant solution  of  ammonium  chloride.  This  compound,  however,  pro- 
duces a  green  precipitate  containing  about  6  moles  of  hydroxide  to  one  of 
cobaltous  chloride,  and  a  red  supernatant  liquid  from  which  separated, 
after  4  weeks  spontaneous  evaporation  in  vacuo,  red  octahedral  crystals 
having  the  approximate  composition,  C0Clj.12NH4Cl.8NH*.  Hydrolysis 
therefore,  would  seem  to  proceed  according  to  the  following  equations. 

C0CU.6NH,  +  2H*0  — >  Co(OH)2  +  2NH4CI  +  4NH,; 
C0CU.5NH3.1H1O  +  4H2O  — >  CoCl2.6Co(OH)*  + 

20NH,  +  C0Cl1.12NH4Cl.8NHt. 
This  compound  also  has  a  higher  specific  gravity,  1 .559  in  kerosene. 

Cobaltous  Chloride  Pentammine. — Only  5  molecules  of  ammonia  com- 
bine when  the  gas  is  conducted  into  a  boiling  solution  of  the  chloride  in 
absolute  alcohol.  A  pale  yellowish-pink  colored  ammine  which  gave  the 
following  analysis  for  ammonia  results: 

Calc.  for  C0Clj.5NH1.NH1,  39.60.    Found:  39.78. 
The  average  specific  gravity  of  this  compound  was  found  to  be  1 .  580. 
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Cobahous  Chloride  Tetrammine. — This  was  prepared  in  2  entirely  differ- 
ent ways.  By  keeping  the  hexammine  prepared  in  the  dry  way  over 
cone,  sulfuric  acid  at  500  for  36  hours  a  light  pink-colored  product  was 
formed  giving  an  almost  exact  analysis  for  the  tetrammine,  and  having 
a  specific  gravity  of  1 .  593  in  xylene.  The  same  result  is  accomplished  by 
subjecting  the  hexammine  to  continued  evacuation  over  acid  at  room 
temperature.  The  loss  of  ammonia  seems  to  proceed  gradually  and  quite 
slowly,  but  after  the  tetrammine  is  reached  no  further  loss  is  noted. 

The  other  method  consisted  in  heating  cobaltous  chloride  pentammine 
monohydrate  in  a  closed  vessel  at  1500  in  the  presence  of  potassium 
hydroxide  and  allowing  the  dry  ammonia  gas  to  be  reabsorbed.  By 
doing  this  ammonium  hydroxide  (one  NH«  and  the  one  HjO)  failed  to  re- 
combine.  The  compound  was  a  very  pale  pink  in  odor  and  could  be 
melted  to  a  dark  blue  liquid.  The  following  remarkable  analysis  was 
obtained: 

Calc.  for  C0CI1.4NH1:  Co,  29.58;  CI,  35.80;  NHi,  34.40.    Found:  Co,  29.68;  CI, 
35.82;  NHt.34.31. 

The  only  direct  method  recorded  is  by  H.  Rose1  by  passing  dry  am- 
monia gas  over  anhydrous  cobalt  chloride  giving  a  blue  compound. 
Bersch2  later  showed  that  the  hexammine  was  formed  instead. 

When  dry  ammonia  gas  was  passed  through  a  cold  solution  of  cobalt 
chloride  in  amyl  alcohol  a  compound  containing  38.53%  ammonia  was 
obtained,  corresponding  to  4.79  moles  of  ammonia.  Curtis  and  Burns,8 
working  under  similar  conditions,  obtained  a  pale  red  ammine  whose 
composition  corresponded  to  the  formula  CoCl».3NHt,  and  considered 
by  Biltz  and  Fetkenheur4  to  be  a  mixture  of  the  hexammine  and  the 
diammine  which  they  obtained  by  heating  the  hexammine  above  1300. 
It  has  been  found  impossible  in  the  work  of  this  paper  to  prepare  any 
compound  corresponding  to  a  triammine,  which  must  indicate  that  the 
solution  with  which  Curtis  and  Burns  worked  was  not  completely  sat- 
urated with  ammonia.  Experiments  which  need  not  here  be  detailed 
have  been  performed  with  amyl  alcohol  solutions  at  temperatures  in  50 
intervals  from  — 10  to  1250.  The  tendency  is  for  the  formation  of  am- 
mines  and  mixtures  of  ammines  containing  between  5  and  6  molecules 
of  ammonia  at  temperatures  below  the  boiling  point  irrespective  of  the 
method  of  preparation.  Acetonfe  and  ethyl  alcohol  solutions  are  exactly 
analogous,  so  that  the  temperature  of  the  experiment  is  the  determining 
factor  and  not  the  chemical  nature  of  the  solvent  in  which  the  ammines 
are  insoluble. 

1  Rose,  Pogg.  Ann.,  »o,  151  (1830). 

1  Bersch,  Ber.  Wien.  Akad.  [2],  56,  729. 

*  Curtis  and  Burns,  This  Journal,  39,  33  (19 17). 

4  Biltz  and  Fetkenheur,  Z.  anorg.  Chem.,  97, 133  (1914). 
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Cobaltous  Chloride  Diatnmine. — When  ammonia  is  passed  through  a 
boiling  solution  of  the  anhydrous  chloride  in  pure  anhydrous  amyl  alco- 
hol a  distinctly  pink  colored  compound  was  precipitated  containing  20 .  74% 
ammonia,  while  20.774%  *s  the  calculated  value  for  the  diammine.  The 
alcohol  was  carefully  dehydrated  by  allowing  it  to  stand  over  solid  sodium 
hydroxide  and  fractionating.  The  specific  gravity  of  the  diammine  was 
2.095  to  both  xylene  and  toluene.  Two  methods  for  the  preparation  of 
the  diammines  are  to  be  found  in  the  earlier  literature:  a  light  blue  com- 
pound from  heating  the  hexammine  to  1200,1  and  a  dark  blue  one1  by  pre- 
cipitation with  ammonia  from  acetone  solution.  Great  interest  is  attached 
to  this  compound,  however,  by  a  recent  isolation  by  Biltz  and  Fetkenheur8 
of  2  isomeric  diammines.  In  order  to  obtain  these  the  method  was  fol- 
lowed exactly.  The  pink  a  or  cw-diammine  was  prepared  by  heating  the 
pure  hexammine  rapidly  between  152  °  and  175  °,  and  was  identical  with 
the  one  prepared  in  boiling  amyl  alcohol  solution;  the  blue  0,  or  trans- 
diammine  was  obtained  by  heating  the  hexammine  in  vacuo  at  65  °.  The 
following  analyses  indicate  the  purity  of  the  isomers, 

Cak.  for  2NH1:  NHi,  20.74.    Found:  a,  20.82;  0,  20.75. 
The  specific  gravities  have  not  been  heretofore  determined  and  are  of 
course  of  fundamental  importance.    The  values  are,  a,  2.097  and  0, 
2.073,  in  xylene. 

Cobaltic  Chloride  Pentammine  (Chloro-pentammine). — This  compound 
was  prepared  for  very  special  work  at  the  University  of  Chicago  and  was 
obtained  from  there.    The  following  analysis  shows  its  purity, 

Calc.  for  C0CI1.5NH1:  NH»,  33.95.    Found:  3400. 
The  specific  gravity  was  1.809  m  xylene  and  1.829  in  toluene,  or  1.8 19 
average. 

Aquo-pentammine  Cobaltic  Chloride. — The  compound  was  prepared  from 
the  corresponding  oxalate  according  to  the  directions  given  in  Biltz'  "Lab- 
oratory Methods  of  Inorganic  Chemistry,"  and  twice  recrystallized.  The 
specific  gravity  was  1 .  774  in  xylene  and  1 .  778  in  toluene,  or  1 .  776  aver- 
age. 

Cobaltic  chloride  hexammine  was  also  prepared  according  to  Biltz  and 
purified  by  several  recrystallizations  Specific  gravity,  1.740  in  xylene; 
1 .  748  in  toluene ;  1 .  744  average. 

Cobaltous  Sulfate  Anhydrous. — A  current  of  dry  air  was  passed  over 
the  hydrated  salt  kept  at  280 °  for  4  hours.    At  the  end  the  product  was 
perfectly  anhydrous  and  had  a  light  lavender  color.    Different  samples 
gave  the  following  specific  gravities:  3.717  and  3.705  in  xylene,  and 
3.707  in  kerosene,  or  an  average  of  3.710.    The  value  of  this  constant 
1  F.  Rose,  "Unters.  uber  ammoniak  Kobaltverb./'  1871,  p.  26. 
*  Naumann,  Ber.,  37,  4334  (1904). 
1 Z.  anorg.  Chem.,  89,  97  (1918). 
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quoted  in  tables  was  determined  in  1845  by  Joule  and  Playfair,1  who 
obtained  3-531- 

Cobaltous  Sulfate  Heptahydrate. — A  pure  commercial  product  was 
carefully  recrystallized  from  water  and  the  crystals  thoroughly  dried* 
An  analysis  for  water  showed  44.95%,  while  the  calculated  value  for  the 
heptahydrate  is  44.83.  Specific  gravities  were  1 .955  in  toluene,  1 .942  in 
kerosene,  or  1 .  948  average. 

Cobaltous  Sulfate  Hexahydrate. — By  keeping  the  heptahydrate  in  an 
air-bath  at  45 °  for  several  hours,  a  compound  containing  40.80%  water 
was  obtained,  corresponding  to  the  hexahydrate  which  should  analyze 
41 .06.    The  specific  gravity  was  2 .029  in  toluene. 

Cobaltous  Sulfate  Tetrahydrate. — This  was  made  by  placing  the  hepta- 
hydrate over  cone,  sulfuric  acid  for  48  hours  at  50  °.  One  sample  was 
found  to  contain  31.80%  of  water,  while  the  calculated  value  for  the 
tetrahydrate  is  31.72.  Two  different  samples  gave  specific  gravities  of 
2 .  366  and  2 .  370  in  xylene,  for  an  average  of  2 .  368. 

Cobaltous  Sulfate  Pentammine. — In  at  least  15  trials  in  passing  dry  am- 
monia over  dehydrated  cobaltous  sulfate,  it  was  found  impossible  to  pre- 
pare the  hexammine  of  this  salt,  but  instead  always  the  pentammine,  a 
light,  fluffy,  pink  powder,  was  obtained,  contrary  to  the  findings  of  Eph- 
raim.2  One  sample  gave  the  following  representative  analysis  for  am- 
monia. 

Calc.  for  5NH1:  35.41.    Found:  35.52 

At  — 18 °  an  ammine  containing  5.2  moles  of  ammonia  was 
formed.  The  specific  gravity  of  the  purest  pentammine  was  1.692  in 
kerosene  and  1 .715  in  xylene,  an  average  of  1 .703. 

Cobaltous  Sulfate  Tetratnmine  Dihydrate. — This  compound  was  pre- 
pared for  the  first  time  by  passing  ammonia  gas  through  a  hot  concen- 
trated solution  of  the  sulfate.  By  allowing  the  solution  to  cool  slowly 
as  it  approached  saturation,  red  crystals  separated  out,  which  were  washed 
by  decantation  with  cone,  ammonium  hydroxide,  alcohol  and  ether. 
They  are  stable  when  dry  but  oxidized  rapidly  when  dry,  hence  the  drying 
and  washing  were  done  out  of  contact  of  air.  The  compound  undergoes 
no  change  when  submitted  to  reduced  pressure  for  a  short  time,  and  is 
not  decomposed  when  heated  at  500  for  25  hours.  Analysis  gave  the 
following  results: 

Calc.  for  CoSO4.4NHj.2H1O:  SO4,  37.06;  NH»,  26.25;  H20,  13.90.    Found:  SO4, 
36.85;  NH,,  26.38;  H*0,  13.20. 

The  compound  may  also  be  prepared  by  the  pressure  method  already 
described,  by  heating  together  20  g.  of  hydrated  sulfate,  40  cc.  of  cone, 
ammonium  hydroxide  and  10  cc.  of  alcohol  in  the  pressure  flask.    The 

1  Joule  and  Playfair,  Chem.  Soc.  Memoirs,  2,  401  (1845). 

*  Kphraim,  Z.  physik.  Chetn.,  83,  196  (1915). 
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average  specific  gravities  were  1.808  and  1.807  in  xylene,  and  1.797  in 
toluene. 

Discussion. 
In  the  table  are  listed  for  each  compound  the  specific  gravity  as  experi- 
mentally determined  in  xylene,  toluene  and  kerosene,  the  molecular 
volume,  the  apparent  volume  of  the  groups  held  by  subsidiary  valence, 

Tablb  I. — Volume  Relations  of  Complex  Cobalt  Compounds. 
(Note  that  the  atomic  and  group  volumes  given  below  are  apparent  volumes  only. 
Thus  the  volume  of  the  ammonia  is  calculated  on  the  basis  of  the  assumption  that  in 
the  complex  compounds  the  cobalt  and  chlorine  have  the  same  volume  as  in  pure 
cobaltous  chloride.  This  assumption  should  be  kept  in  mind  in  considering  the  dis- 
cussion presented  in  the  paper.) 

Specific  gravity  at  25°.  Apparent  vol. 

subsidiary      %  com- 


Compound. 

Xylene. 

NH, 

H.O 

CoCbanhyd. 

3360 

CoCl,.6H,0 

1.925 

CoCl,.2HjO 

2485 

C0CU.6NH, 

I.507 

I.506 

CoClt.5NH1.1HjO 

CoClt.5NH, 

C0CI1.4NH1 

1.593 

C0CI1.2NH1 

(alpha) 

2.095 

2.097 

C0CI1.2NH,  (beta)2 .073 

CoCU 

C0CU.6NH, 

1.740 

CoCU.5NH,.iH,C 

>  1  -774 

C0CU.5NH, 

1.809 

C0SO4  anhyd. 

3.717 

3705 

CoS04.7H,0 

CoSO4.6H,0 

C0SO4.4H1O 

2.366 

2.370 

CoSOlsNH, 

1. 715 

CoSO4.2HjO.4NH 

1 1.808 

1.807 

Toluene.  Kerosene.       A  v.  Mol.  vol.  group.         pression. 

28.416  

18.069  

3352       3356        38.70        (Co,  6.77     31.95 

CI*  50.104) 

1.923        1.924       123.69  HjO,  14.165   21. 40 

2.470      2.477        66.97  HjO,  14.25     20.91 

1.459       1.489       1-497       I54-OI  NH*  1933     31.97 

1  533       

1.559       1.559       149.50  NH*  19.29     32.12 

HjO,  14.30     20 .69 

1 .575       1  585       1  580      136 .20  NH*  19.50     31 .37 

1.594       1.593       126.84  NH*  20.11     29.23 


2 .095       2 .095        78 .25      NH*  19.77     30  43 


2.073  78.25  NH*  20.19     28.95 

2.940  56.24       

1.748       1.744  153  37  NH*  16.09     4337 

1.778       1.776  151.29  NH*  16.20     42.86 

HjO,  14.05      22 .24 

1 .829       1 .819  >37 .69  NH*  16.29     42 .67 

3.707  37IO  41.78       


1  955       1  -942       1 .948       144  -34      HjO,  14.65      18 .74 
2.029       2.029      129.67      HjO,  14.65      18.74 


2.368        9590  HjO,  13.53  24.90 

1 .692       1 .703       141 .03  NH*  19.85  30.14 

NH*  19.10  32.77 

1  797       1  804       143 .67  HjO,  13.49  15  28 

and  the  percentage  compression  of  these  groups  from  the  volume  in  the 
free  state  at  the  same  temperature.  The  latter  two  columns  are  not  to 
be  construed  directly  as  the  volume  of  the  cavities  in  the  space  lattice 
of  the  crystal,  since  not  only  the  free  volume  but  also  the  electrical  and 
magnetic  stray  fields  of  anion,  cation  and  subsidiary  group  will  determine 
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what  the  packing  in  the  entire  molecule  will  be.  Thus  cobaltous  chloride 
forms  a  hexahydrate  and  a  hexammine,  and  in  both  cases  the  subsidiary 
forces  of  the  cobalt  atom  seem  completely  satisfied,  though  some  recent 
as  yet  incompletely  verified  work  by  one  of  the  authors  indicates  that 
under  very  special  conditions  more  than  6  ammonia  groups  may  be  held. 
The  table  shows  that  the  relative  volumes  of  water  and  ammonia  are  in 
the  ration  14.265  to  19.33.  ^n  both  cases  the  substituent  groups  must 
occupy  relatively  the  same  positions  or  cavities  in  the  lattice;  but  the 
higher  stray  field  of  the  water  as  measured  by  its  higher  dielectric  ap- 
parently compensates  for  its  smaller  volume. 

Considering  the  ammines  of  cobaltous  chloride  it  is  evident  that  the 
ammonia  groups  increase  in  volume  passing  down  from  the  hexammine, 
assuming  that  the  volume  of  the  nucleus  bound  by  primary  valence  forces 
remains  constant.  The  2  diammines  present  an  interesting  difference  in 
accordance  with  the  view  either  that  they  are  cis-  and  trans-  isomers  or 
that  their  crystal  form  is  different.  The  former  has  ammonia  groups, 
each  occupying  a  smaller  volume  than  in  the  tetrammine,  while  the  latter 
trans-,  0-,  or  blue  form  follows  the  regular  order  of  increase  in  volume  of 
the  substituent  group  with  decrease  in  number. 

Comparing  the  influence  of  bi-  and  trivalent  cobalt  upon  the  molecular 
volumes  of  the  subsidiary  groups,  it  is  at  once  apparent  that  ammonia 
groups  occupy  volumes  10%  smaller  in  the  cobaltic  than  in  the  cobaltous 
ammines.  The  values  for  the  former  may  be  somewhat  less  accurate  than 
for  the  bivalent  cobalt  compounds  because  of  the  larger  possible  error  in 
the  molecular  volume  of  the  cobaltic  chloride  nucleus.  Even  with  this 
greater  compression,  however,  the  cobaltic  ammines  are  more  stable,  as 
is  to  be  expected  from  the  much  greater  strength  of  the  stray  fields  which 
give  the  subsidiary  valence  unions.  It  is  of  interest  to  note  that  in  aquo- 
pentammine  cobaltic  chloride,  the  water  molecule  occupies  a  volume  not 
greatly  different  from  that  in  the  cobaltous  compound,  and  pointing  to 
the  greater  susceptibility  of  the  ammonia  molecule  to  compression. 

In  the  cobaltous  sulfate  series  the  relationships  are  somewhat  differ- 
ent for  the  water  molecules.  These  occupy  the  same  volume  exactly  in 
both  the  hepta-  and  the  hexa-hydrate,  showing  that  the  addition  of  the 
seventh  molecule,  which  must  be  closely  connected  with  the  sulfate 
group,  has  no  effect  upon  the  symmetrically  arranged  6.  The  tetrahy- 
drate  and  the  tetrammine  dihydrate  are  somewhat  anomalous  in  that  the 
water  molecules  occupy  less  volume  than  the  hexahydrate  shows.  It  is 
quite  probable  that  2  of  the  groups  occupy  considerably  greater  volume 
than  the  other  2,  whose  contraction  may  be  occasioned  by  the  greater 
concentration  of  stray  field  between  the  sulfate  group  and  the  cobalt 
atom.  Ammonia  groups  in  this  series  are  entirely  comparable  to^their 
properties  in  the  chloride;  hence  the  tendency  for  the  sulfate  group  to 
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<*ombine  with  water,  aside  from  the  usual  subsidiary  grouping  about  the 
cobalt  atom,  must  be  taken  to  explain  the  peculiarities  in  the  relation- 
ships of  the  water  molecules.  A  number  of  other  relationships  in  the 
table  need  not  be  specifically  pointed  out  here. 

Preparation  and  Properties  of  Cobaltous  Decammine  Chloride. 
Cobaltous  Decammine  Chloride  was  prepared  twice  from  cobaltous 
chloride  prepared  with  great  care  according  to  the  method  already  de- 
scribed. One  preparation  was  made  at  the  University  of  Chicago,  and 
the  other  at  the  University  of  Arizona,  the  preparation  being  made  in 
both  cases  by  Clark.  Three  careful  and  agreeing  analyses  were  made  of 
which  2  are  given  below. 

Second  preparation.  Pint  preparation.  Calc.  value. 

NHt 0.5662                       0.5661  0.5673 

Co 0.1955                       0.1966  0.1964 

CI 0.2370                      0.2358  0.2362 

It  is  remarkable  that  no  attempt  to  prepare  this  compound  has  proved 
successful  except  when  the  original  sample  of  cobaltous  chloride,  Kahl- 
baum's  purest  grade,  has  been  used,  though  about  10  such  attempts 
have  been  made.  The  compound  was  prepared  by  passing  ammonia  over 
cobaltous  chloride,  which  is  nearly  colorless.  In  about  one  hour,  when 
the  layer  of  the  powdered  salt  is  about  8/i«  inch  thick,  the  salt  is  completely 
changed  to  the  hexaxnmine.  During  the  greater  part  of  this  period,  and 
in  the  middle  of  the  period,  it  was  found  that  the  ammonia  adds  on  at  an 
entirely  constant  rate.  Thus  in  one  experiment  carried  out  in  a  large  box 
containing  ammonia,  with  the  cobaltous  chloride  spread  in  a  layer  of  about 
the  above  thickness  on  a  watch  glass,  it  was  found  that  the  period  during 
which  the  salt  absorbed  10  mg.  of  ammonia  gas  determined  on  a  sensitive 
Troemner  balance,  gave  the  period  of  60  seconds  as  accurately  as  it  could 
be  determined  by  means  of  a  stop  watch.  The  hexammine  thus  formed 
is  almost  colorless,  but  with  a  slight  flesh  tinge. 

If  no  more  ammonia  is  taken  up  this  color  remains  constant,  but  if 
the  ammonia  addition  is  to  go  on  to  the  decammine  stage,  the  color  be- 
gins to  change  slightly  after  many  hours,  and  at  the  end  of  a  week  or 
more  has  changed  gradually  over  to  a  brown.  An  analysis  of  this  brown 
powder  taken  directly  from  the  apparatus  showed  the  presence  of  about 
10.5  to  11  molecules  of  ammonia,  but  it  was  obvious  that  the  powder 
held  some  absorbed  and  adsorbed  gas  not  united  chemically.  On  putting 
some  of  the  powder  in  a  tube  and  making  a  connection  to  a  high  vacuum 
for  only  about  one  minute,  the  compound  gave  the  analyses  listed  above. 

The  evidence  that  such  a  compound  was  formed  was  as  follows:  (1) 
it  was  prepared  twice  with*3  analyses,_together  with  several  other  analyses 
showing  more  ammonia  when  the  ammonia  caught  in  the  powder  was  not 
removed;  (2)  the  color  change;  (3)^the  vapor-pressure  curve  lies  very 
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much  higher  than  that  of  the  hexammine;  (4)  the  density  is  altogether 
different;  (5)  on  standing  the  compound  gradually  loses  its  brown  color 
and  changes  over  to  the  lighter  color  of  the  hexammine.  The  density 
was  found  to  be  1.71,  the  molecular  volume,  175.6  cu.  cm.,  the  volume 
of  the  combined  ammonia  was  thus  reduced  in  a  very  remarkable  way 
to  13.  Only  2  density  determinations  were  made,  and  although  they 
agreed  perfectly,  it  cannot  be  said  that  this  density  work  has  been  so 
carefully  checked  as  the  other  work,  since  it  was  interrupted  by  the  war, 
and  now  none  of  the  compound  is  available  for  the  determinations. 

This  compound  is  evidently  very  difficult  to  prepare,  as  the  conditions 
for  its  formation  have  not  yet  been  discovered.  Two  experiments  by 
Harkins  and  about  10  by  Clark,  using  new  samples  of  cobaltous  chloride, 
have  proved  unsuccessful,  and  it  was  evident  from  the  original  experi- 
ments that  the  quantity  of  moisture  present  had  to  be  very  carefully 
controlled. 

Part  II.    The  Effect  of  Heat  on  Cobaltous  and  Cobaltic  Ammines. 

Just  as  it  is  possible  to  drive  water  from  the  crystalline  hydrates  of  the 
cobaltous  salts  without  secondary  reactions,  so  ammonia  may  be  re- 
moved from  the  ammines  by  heat  leaving  the  anhydrous  salt,  providing 
that  care  be  exercised  and  the  temperature  not  raised  too  high.  The 
diammine,  for  example,  is  prepared  from  the  hexammine  by  heating  to 
1500  and  the  last  2  molecules  of  ammonia  may  be  removed  below  2000, 
though  the  diammine  may  be  made  to  melt  without  decomposition.  If 
higher  temperatures  are  used,  however,  ammonium  chloride  is  sublimed 
from  the  compound  as  oxidation  to  cobaltic  oxide  takes  place.  Even 
when  2  different  species  of  groups  are  held  by  the  same  cobalt  atom  by 
the  subsidiary  valence  forces — water  and  ammonia,  for  example — the 
effect  of  heat  is  merely  to  remove  ammonium  hydroxide  without  disturb- 
ing the  relationship  of  the  atoms  held  by  primary  valence  forces.  Thus 
although  the  ammonia  groups  are  compressed  by  about  l/«  of  their  free 
volume  when  ammines  are  formed  (a  fact  which  may  account  in  large 
measure  for  the  greater  activity  and  the  catalytic  action  of  the  salt  in 
acting  merely  as  a  "compressor"  and  surface  for  adsorption)  still  the  ex- 
pansion of  the  groups  and  the  ultimate  liberation  is  not  sufficient  to  dis- 
rupt the  entire  molecule,  unless  secondary  reactions  such  as  oxidation  by 
the  air  are  made  possible. 

On  the  other  hand,  heat  has  a  large  effect  upon  salts  containing  a  central 
atom  as  easily  reducible  as  the  cobalt  atom  when  in  its  higher  valence.  It 
has  already  been  shown  that  ammonia  groups  are  compressed  to  perhaps 
10%  greater  amount  in  the  cobaltic  ammines  than  in  the  corresponding 
cobaltous  compounds,  and  it  would  be  expected  that  the  cobaltic  com- 
pounds would  be  more  stable.  Experiments  were  performed  on  3  of  the 
cobaltic  ammines,  the  hexammine  in  which  the  effect  of  only  one  species 
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of  subsidiary  group  could  be  noted,  mononitro-pentammine  cobaltic 
chloride  with  2  species,  and  trinitro-triammine  cobalt  with  2  species  and 
without  the  uusal  effect  of  an  anion  of  an  electrolyte.  From  none  of 
these  is  it  possible  to  remove  ammonia  alone  without  effect  upon  the  rest 
of  the  molecule. 

From  the  hexammine  cobaltic  chloride  evolution  of  ammonia  began  at 
173  °  to  a  slight  extent,  and  a  sublimate  of  ammonium  chloride  was  ap- 
parent at  181  °.  The  first  step  consisted  in  the  formation  of  chloro- 
pentammine  cobaltic  chloride,  ICo(NHa)6Cl]Clt,  agreeing  with  the  work 
of  Biltz.1  Rapid  increase  in  vapor  pressure  began  at  2200,  and  at  228 ° 
it  was  1054  mm'  The  original  orange-red  salt  was  now  dark  blue.  Re- 
absorption  of  ammonia  reduced  the  pressure  by  392  mm.  and  caused  the 
residue  to  become  dark  maroon  in  color.  The  residual  gas,  101  cc,  was 
collected  above  mercury  and  all  but  6  cc.  (which  later  proved  to  be  nitro- 
gen) dissolved  in  water  showing  it  to  be  largely  ammonia.  The  pump 
was  now  attached  to  the  vessel  containing  the  solid  residue,  and  the  gas 
withdrawn  at  260 °  for  one  hour.  The  residue  light  blue  in  color  and 
easily  dissolved  in  water  to  give  a  wine  colored  solution.  Upon  analysis  it 
proved  to  be  cobaltous  chloride  together  with  ammonium  chloride  in  the 
ration  1  :  2,  or  C0CI2.2NH4CI,  though  this  ratio  was  undoubtedly  acci- 
dental inasmuch  as  a  considerable  quantity  of  ammonium  chloride  had 
sublimed.  This  experiment  was  carried  on  throughout,  out  of  contact 
with  air  and  represents  the  spontaneous  decomposition  of  the  molecule 
with  heat  according  to  the  following  equation. 

6[CoCU.6NH»]  — ►  6C0CI,  +  6NH4CI  +  N,  +  28NHt. 

This  behavior  is  much  more  easily  explained  upon  the  basis  of  Werner's 
structure  than  Friend's  cyclic  structure.* 

Proceeding  in  similar  fashion  with  mononitro-pentammine  cobaltic 
chloride,  it  was  found  that  the  gas  exerted  noticeable  pressure  at  100  ° 
and  rapid  evolution  began  at  2100.  The  gas  liberated  below  248 °  was 
drawn  off  above  mercury  and  analyzed,  showing  a  total  of  87 . 1  cc.,  com- 
posed of  nitrogen  70.3  cc.,  and  ammonia  16.8  cc.  Oxygen,  hydrogen, 
nitric  and  nitrous  oxides  were  tested  for  and  found  not  present.  Water 
was  formed  in  appreciable  quantities  in  the  heating  bulb,  which,  together 
with  the  large  evolution  of  nitrogen,  indicated  the  intermediate  forma- 
tion of  ammonium  nitrite.  The  solid  residue  left  in  the  bulb  was  di- 
cobalt  trioxide,  agreeing  in  all  properties  and  giving  the  following  analysis 

Calc.  for  C0SO4:  Co,  71.08.    Found:  70.96. 
The  mechanism  of  this  reaction  is  very  probably  as  follows. 

1 Z.  anorg.  Chctn.,  83,  177  (1913). 
•  /.  Chem.  Soc.,  109,  715  (19 16). 
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Co(NHt),(NO,)Cl,  — *  NH,  +  2NH4CI  +  NH4NO,  +  CoN; 
NH4NO2  — ►  Nt  +  2H,0; 
2C0N  +  3H,0  — *  CcO,  +  3NH,; 
or, 

2Co(NH,MNO*)Cl2  — ►  C02O,  +  5NH,  +  4NH4CI  +  2N,  +  H,0. 
This  case  differs,  therefore,  from  the  preceding  one  in  that  the  cobalt 
atom  is  not  reduced,  because  of  the  interaction  of  2  species  of  mole- 
cules both  with  subsidiary  vdience  unions. 

The  results  with  trinitro-triammine  cobalt  are  somewhat  similar,  but 
very  interesting.  Slight  evolution  of  gas  begins  at  1580,  but  at  1640 
the  decomposition  takes  place  with  almost  explosive  violence,  forming 
pure  nitrogen,  water  and  cobaltic  oxide,  according  to  the  following  re- 
actions. 

2Co(NH,)3(N02)s  — ►  2C0N  +  2HNO1  +  4NH4NO*; 
4NH4N08  — >  4N2  +  8H20; 
2C0N  +  2HNO2  — ►  CosOs  +  HjO  +  2N2; 
or, 

2Co(NH,),(N02),  — >  6Nt  +  9H2O  +  C02O1. 
The  writers  wish  to  express  their  indebtedness  to  the  Gibbs  Fund  of 
the  National  Academy  of  Sciences  for  a  grant  of  two  hundred  dollars 
made  to  W.  D.  Harkins,  which  was  used  in  purchasing  a  very  rapid  vacuum 
apparatus,  consisting  of  a  mercury  condensation  pump,  and  a  large  sup- 
porting pump  of  the  mechanical  type,  for  use  in  this  work. 

Chicago,  Iu...  and  Nabhviu,8,  Tknn. 
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THE    PREPARATION    OF    SELENIUM    OXYCHLORIDE. 

By  Victor  Lbnhbr. 

Received  August  23,  1920. 

The  first  record  in  the  literature  that  we  have  of  selenium  oxychloride 
is  its  preparation  by  Weber1  in  1859,  who  heated  together  in  a  knee-shaped 
tube  the  vapors  of  selenium  tetrachloride  and  selenium  dioxide.  Michaelis* 
prepared  the  oxychloride  by  the  action  of  phosphorus  pentachloride  on 
selenium  dioxide.  Later,  in  1889,  in  their  work  on  selenic  acid,  Cameron 
and  Macallan,8  mention  that  selenium  oxychloride  is  formed  when  com- 
mon salt  is  distilled  with  selenium  dioxide. 

The  methods  used  in  this  laboratory  for  the  formation  of  selenium  oxy- 
chloride may  be  grouped  under  3  heads. 

1  Weber,  Pogg.  Ann.,  108,  615  (1859). 
'  Michaelis,  Ann.,  240,  150  (1887). 
*  Cameron  and  Macallan,  Chem.  News,  59,  267  (1889). 
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i.    Direct  Union  of  Selenium  Tetrachloride  and  Selenium  Dioxide  at 

Room  Temperatures. 

When  elementary  selenium  is  suspended  in  carbon  tetrachloride  and 
chlorine  gas  is  passed  in,  the  chlorine  first  dissolves  in  the  carbon  tetra- 
chloride, this  being  an  excellent  solvent  for  chlorine  at  low  tempera- 
tures. The  dissolved  chlorine  immediately  attacks  the  selenium,  forming 
selenium  monochloride  which  also  dissolves  at  once  in  the  carbon  tetra- 
chlroide.  Selenium  monochloride,  in  turn,  is  an  excellent  solvent  for  ele- 
mentary selenium.  The  solution  and  chlorination  of  the  selenium  is 
therefore,  much  expedited. 

An  alternate  method  of  preparing  the  2  chlorides  of  selenium  which 
possesses  interesting  advantages  with  certain  selenium  containing  ma- 
terials is  to  suspend  them  in  carbon  tetrachloride,  chloroform  or  similar 
solvent,  and  pass  in  chlorine.  This  converts  the  selenium  first  to  the 
monochloride  which  is  soluble  in  carbon  tetrachloride  while  most  of  the 
metallic  chlorides,  being  insoluble  in  carbon  tetrachloride,  can  be  at 
once  removed  by  filtration  or  decantation,  while  the  further  chlorination 
of  the  selenium  monochloride  gives  white  selenium  tetrachloride,  which 
being  sparingly  soluble,  separates  out  and  if  desired  can  be  removed  from 
the  solvent  by  a  second  filtration. 

To  the  suspended  selenium  tetrachloride  in  carbon  tetrachloride  it  is 
convenient  to  add  the  calculated  amount  of  selenium  dioxide.  Reaction 
takes  place  with  formation  of  selenium  oxychloride,  which  dissolves  in 
the  carbon  tetrachloride.  The  liquid  can  then  be  distilledv  Carbon  tetra- 
chloride distills  at  76-77 °  and  selenium  oxychloride  at  176.40,  hence 
they  can  be  readily  separated  by  distillation.  Selenium  oxychloride 
can  be  conveniently  distilled  under  diminished  pressure  to  a  high  degree 
of  purity. 

The  carbon  tetrachloride  suggested  in  the  above  procedure  can  be  re- 
placed by  chloroform  or  still  better  replaced  by  selenium  oxychloride 
itself. 

Inasmuch  as  selenium  oxychloride  is  a  solvent  for  elementary  selenium 
the  entire  operation  of  its  formation  can  be  accomplished  by  mixing  to- 
gether selenium  dioxide  and  elementary  selenium,  treating  this  mixture 
with  selenium  oxychloride  and  then  chlorinating. 

2.  Partial  Hydrolysis  of  Selenium  Tetrachloride. — This  can  be  readily 
accomplished  by  treatment  with  water  according  to  the  following  re- 
action. 

SeCU  +  HtO—  =  SeOCl,  +  2HCI. 
This  reaction  can  be  carried  out  with  solid  selenium  tetrachloride  or 
with  the  selenium  tetrachloride  suspended  in  carbon  tetrachloride,  chloro- 
form, selenium  oxychloride  or  other  liquids. 

3.  Dehydration  of  the  Compound  SeOs.aHCl. — This  substance,  first 
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described  by  Ditte,1  can  be  fonned  by  bringing  hydrogen  chloride  into 
contact  with  selenium  dioxide.  The  2  substances  unite  at  moderately 
low  temperatures  to  form  an  amber-colored  liquid  of  the  formula  SeO* 
2HCI.  It  is  possible  to  remove  the  elements  of  water  from  this  com- 
pound by  means  of  phosphorus  pentoxide,  calcium  chloride,  or  a  similar 
dehydrating  agent.  The  reaction  can  be  carried  out  in  the  laboratory 
in  one  of  2  ways. 

Selenium  dioxide  can  be  treated  with  hydrogen  chloride,  the  resulting 
liquid  mixed  with  excess  of  the  dehydrating  agent  and  the  oxychloride 
distilled  off,  or  selenium  dioxide  can  be  first  mixed  with  the  dehydrating 
agent  and  this  mixture  treated  with  hydrogen  chloride.  The  operation 
can  be  conducted  by  either  first  passing  hydrogen  chloride  into  the  mix- 
ture of  selenium  dioxide  and  dehydrating  agent  in  the  cold  and  subse- 
quently heating  to  drive  off  the  selenium  oxychloride  formed,  or  the  mix- 
ture can  be  heated,  hydrogen  chloride  passed  in,  and  selenium  oxychloride 
distilled  from  the  hot  mixture  as  it  forms. 

The  author  takes  this  opportunity  of  acknowledging  the  valuable 
help  rendered  by  his  assistant,  Mr.  A.  J.  Snyder,  for  various  preparations 
of  material  in  the  above  processes. 

Madison,  Wisconsin. 


THE  IONIZATION  OF  AQUEOUS  SOLUTIONS  OF  AMMONIA  IN 
THE  PRESENCE  OF  UREA. 

By  Winthrop  M.  Burkb. 
Received  August  27,  1920. 

Introduction. 
According  to  the  Nernst-Thomson  hypothesis,2  the  dielectric  constant 
of  a  solvent  largely  determines  its  power  to  ionize  electrolytes  dissolved 
in  it.  In  cases  which  have  been  investigated8  in  solvents  of  lower  dielec- 
tric constant  than  water,  the  ionization  of  the  electrolyte  has  in  general 
been  found  to  be  lower  than  in  water.  It  has  been  found  that  aqueous 
solutions  of  urea  have  a  dielectric  constant  higher  than  water;  that  of 
water  is  78.83,  while  for  a  2  M  solution  of  urea  it  is  83.98  at  18. o0.4 
Consequently,  according  to  the  Nernst-Thomson  hypothesis,  we  should 
expect  to  find  a  greater  ionization  constant  for  an  electrolyte,  which  obeys 
the  mass-action  law,  in  an  aqueous  urea  solution  than  in  water  alone. 
Assuming  the  mass-action  law  to  be  obeyed,  the  ionization  constant 
for  binary  dissociation  may  be  derived  from  the  expression 

1  Ann.  chim.  phys.  [5]  10,  82  (1877). 

*  Thomson,  Phil.  Mag.,  38,  320  (1893) ;  Nernst,  Z.  physik.  Chetn.,  38,  487  (1901). 

•  Kraus  and  Bray,  This  Journal,  35i  '3*  (i9'i)» 
4  Harrington,  Phys.  Rev.,  8,  581  (1916). 
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where  C  is  the  total  salt  concentration,  7  is  the  degree  of  dissociation, 
and  K  is  the  ionization  constant.  In  this  case  the  assumption  is  made 
that  the  degree  of  ionization  is  equal  to  the  ratio  A/A©,  of  the  equivalent 
conductance  A,  at  any  dilution,  to  the  limiting  value  A0 .  The  mass-action 
law  may  be  expressed  in  terms  of  A  and  AQ,  by  means  of  the  equation 

CA'  wmK 

Ao(Ao— A) 

At  the  suggestion  of  C.  A.  Kraus,  an  investigation  of  the  conductance 
of  a  weak  base  in  the  presence  of  urea  was  undertaken.  Ammonium 
hydroxide  was  used  as  an  electrolyte  since  this  substance  obeys  the  mass- 
action  law  in  dilute  solution. 

Apparatus. 

The  Kohlrausch  method  was  employed  in  determining  the  conductance 
of  the  solutions.  A  Kohlrausch  slide-wire  bridge  with  extension  coils 
was  employed.  Two  resistance  boxes  were  used,  one  of  110,000  ohms 
with  Curtis  wound  coils  for  higher  resistance;  for  the  lower  resistances  a 
bifilar  wound  box.  A  variable  air  condenser  was  placed  in  the  circuit 
for  the  purpose  of  compensating  the  effects  of  capacity  and  inductance. 
All  connecting  wires  were  lead-covered  and  carefully  grounded.  The 
thermostat  was  also  grounded. 

A  small  induction  coil  was  used  as  a  source  of  e.  m.  f .  for  determining 
the  conductance  of  the  urea-ammonia  solutions,  and  a  Vreeland  oscillator 
was  employed  in  standardizing  the  cell  and  in  measuring  the  conductance 
of  the  water  and  the  urea  solutions. 

The  temperature  was  maintained  constant  at  25 °  =±=  0.010.  The 
thermostat  was  filled  with  kerosene  oil  and  was  regulated  by  means  of  a 
mercury  filled  regulator  and 


thermometer 

.0 


graduated  in    T 


a 
o.r 

The  cell  employed  consisted 
of  a  glass  cylinder  45  cm.  long 
and  6  cm.  in  diameter  and 
was  constructed  as  shown  in 
Pig.  1.  The  neck  having  the 
stopper  was  inclined  at  an 
angle  of  about  45  °  to  the  tube 
containing  the  electrodes, 
which  facilitated  the  tipping 
of  the  cell  so  that  the  solu- 


iw 


A 


} 


45cm. 
Ffe.  I. 


tion  could  fill  the  arm  containing  the  electrodes  and  thus  be  kept  at  the 
same  height  above  them.  This  was  accomplished  by  the  aid  of  the  small 
tube,  shown  in  Fig.  1,  which  was  fitted  with  a  piece  of  rubber  tubing  and 
a  pinchcock. 
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The  platinum  electrodes,  coated  with  platinum  black,  were  about 
one  cm.  square  and  about  one  cm.  apart  and  were  sealed  into  the  bottom 
of  the  tubular  extensions  by  stiff  platinum  wires.  These  extensions  led 
into  a  larger  tube  located  within  the  arm  of  the  ceH  and  connected  to  it 
at  the  top  by  a  Dewar  seal. 

The  cell  was  standardized  by  comparing  it  with  a  standard  pipet  cell 
whose  constant  had  been  previously  determined.  It  was  found  that  the 
constant  of  the  cell  was  0.22878. 

Materials. 

Urea. — The  urea  used  was  a  commercial  sample.  As  it  was  impure 
material  it  had  to  be  purified.  This  was  effected  by  crystallizing  it  5 
times  from  95%  ethyl  alcohol  and  once  from  absolute  alcohol.  The  urea 
obtained  in  this  manner  had  a  high  degree  of  purity,  giving  a  colorless 
aqueous  solution  and  having  a  conductance  of  about  4.0  X  io~6  for  a 
2  M  solution. 

A  small  amount  of  an  imported  sample  of  reputed  purity  was  available 
and  the  conductance  of  a  molar  solution  of  this  was  determined.  Using 
water  of  a  conductance  of  3.5  X  10  ~$,  the  increase  in  conductance  due 
to  the  addition  of  urea  amounted  to  3 .3  X  io~$. 

Small  amounts  of  the  urea  in  a  water  solution  were  tested  with  phenol- 
phthalein,  methyl  orange  and  congo  red,  and  no  trace  of  acid  or  base 
could  be  found.    The  indicators  showed  the  solutions  to  be  neutral. 

Ammonium  Hydroxide. — The  ammonium  hydroxide  solutions  were 
made  up  in  approximately  N  and  0.1N  concentrations  by  passing  am- 
monia gas  into  water. 

The  solutions  were  standardized  against  hydrochloric  acid  of  approxi- 
mately the  same  concentrations.  The  hydrochloric  acid  was  standard- 
ized against  silver  nitrate  by  weighing  the  chloride  precipitated  from  a 
measured  amount  of  the  acid.  In  this  manner  the  normalities  of  the 
ammonium  hydroxide  solutions  were  found  to  be  1 .0272  N  and  o.  1 1049  N. 
Density  determinations  were  made;  at  25 °  one  g.  of  the  stronger  solution 
was  found  to  contain  0.035581  g.  of  NH4OH  and  occupy  i.oiii  cc., 
and  one  gram  of  the  weaker  solution  contained  0.003874  g.  of  NH^OH 
and  occupied  1.0037  cc. 

The  density  of  a  2  M  solution  of  urea  at  25  °  was  found  to  be  1 .0291. 
Also  when  one  gram  of  urea  dissolves  in  water  it  displaces  0.8102  cc., 
the  volume  of  the  solution  being  increased  by  this  amount. 

The  densities  were  all  referred  to  water  at  4°  as  1 .0000. 

Water. — The  water  used  in  this  work  was  distilled  directly  into  the 
cell  from  dil.  alkaline  permanganate  solution  and  the  carbon  dioxide  was 
further  removed  by  passing  air  through  it.  Water  of  a  conductivity  of 
about  1.  X  io~6  was  obtained  in  this  manner. 
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Procedure. 

In  making  a  run  about  250  g.  of  water  was  weighed  in  the  cell  and  the 
amount  of  urea  calculated  to  make  a  2  M  solution  was  added.  As  the 
urea  undergoes  gradual  decomposition  in  water,  the  conductance  of  the 
urea  solution  was  measured  about  20  minutes  after  the  addition  of  urea, 
and  then  ammonium  hydroxide  was  run  in  from  a  previously  weighed 
pipet  which  was  then  weighed  again.  The  addition  of  ammonium  hy- 
droxide checked  the  decomposition  and  the  solution  came  to  equilibrium 
in  about  15  to  20  minutes  after  the  addition  of  ammonium  hydroxide. 
Immediately  following  the  addition  of  ammonium  hydroxide  an  amount 
of  urea  was  added  which  was  calculated  to  compensate  for  the  change  in 
volume,  thus  keeping  the  concentration  constant. 

Experimental  Results. 

The  results  of  6  independent  determinations  are  given  in  Table  I .  Bxpts. 
2  to  5  show  the  data  on  aqueous  solutions  of  urea  and  ammonium  hydrox- 
ide, and  Bxpts.  6  and  7  show  the  data  on  aqueous  solutions  of  ammonia. 

Table  I. 

Bzpt3. 


Bxpt.2. 

NH«OH 

Cone.  Spec 

X  10«  cood. 

BguW.  x  10» 

No.       Liter.  corr. 

H|0     O.1537 

Urea, 

1 
2 
3 
4 
5 
6 

7 
8 

9 

10 1073. 7 


2.8365 
8.6133 
19.627 
42.780 
82 .873 
112.06 
167.69 
342.75 
678.05 


o.3979 
1.508 
1.778 
4214 
6.197 
8.673 
10.139 
12.432 
17.620  , 
24.616 
30.809 
Batpt5. 


53  16 
20.64 
21.47 
16.38 
10.47 
9.048 
7.4*4 
5- 141 
3 .630 
2.869 


NH«OH 
Cone. 
X  I<H 
Bgniv. 
Liter. 


2.7662 

94245 
23  .263 
50.202 
93.449 
"5.87 
191.68 
569.51 


cona. 
X  10» 
corr. 

0.1288 

O.2992 

1.500 

2.756 

4.588 

6.707 

9.133 

IO.330 

X3.237 

22 .569 


A. 


5423 
29.24 
19.72 
13.36 
9773 
8.916 
6.906 
3.963 


Bxpt.6. 


H.0  .. 
Urea.. 
1        2 


2 
3 
4 
5 
6 

7 


9 
22 

47 
100 
118 
173 


8  277 

9  468 

10  874 
11 


4898 

.4494 

.333 

.840 

.88 

.55 

.89 

79 
.06 

27 


0.08807 

o.4538 

1.275 

2.784 

4453 

6.510 

9.608 

IO-373 
12 .659 
15 .846 
20.466 
27.448 


NH4OH 
Cone. 
X  10* 
Bqoiv. 
Liter. 


2 .6879 
8.5048 
18.834 
41 .269 
83  340 
109.46 
l6l  .70 
273  51 
516.53 
935 .41 


Expt.4. 


Spec, 
cond. 
X  10» 


O.0972 

O.3879 

1-393 

2.634 

4.027 

6.089 

8.721 

9943 
12  .  169 
15.752 
21.513 
29.293 
Ezpt.7. 


5182 

30.97 
21.38 

H-75 
10.46 
9083 
7526 
5759 
4-165 
3.080 


O.1358      .... 


51  .2* 
2946 
1994 
I3.6I 

9524 
8.750 
7.280 
5704 
4373 
3.192 


2.4406 
8.550I 
16.793 
33.807 
59-379 
92 .582 

121  .72 

191  50 

331  .70 

528.37 

774  20 


1.257 
2.961 
4368 
6.400 

8.643 
10.798 

12.479 
15.820 
20.705 
26.215 
31.818 


51.50     47535  2.258  47.50 


3463 
26.01 
18.93 
1456 
11.66 
10.25 
8.261 
6.242 
4.982 
4. 1 10 


14.060 
30.413 
54-747 
91 .783 
136.52 
225.66 
337 .61 
692 .91 


3993 
6.064 
8.238 
XO.758 
13.322 
17104 
22.141 
30.066 


28.40 

19.95 
15  05 
11 .72 

9759 
7.58o 
5,863 
4339 
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The  results  of  the  first  experiment  are  omitted  because  the  solution  had 
stood  for  a  day  before  any  data  were  taken.  The  urea  and  water  solution 
did  not  come  to  equilibrium;  the  resistance  in  the  cell  dropping  about 
ioo  ohms  every  15  minutes.  This  was  undoubtedly  due  to  the  partial 
conversion  into  ammonium  cyanate. 

All  measurements  were  made  at  25 °  =*  0.010. 

In  the  first  column  is  given  the  number  of  the  observation,  in  the  sec- 
ond the  concentration  of  the  ammonium  hydroxide  present,  in  the  third 
the  specific  conductance  corrected  for  the  conductance  of  the  solvent. 
This  corrected  value  was  obtained  by  subtracting  the  value  of  the  specific 
conductance  of  the  urea  solution  from  that  of  the  urea-ammonium  hy- 
drojjde  solution.  In  the  fourth  column  is  given  the  value  of  the  equiva- 
lent conductance. 

Discussion. 

The  results  are  shown  graphically  in  Fig.  2.  The  points  of  each  ex- 
periment are  marked  with  the  number  of  the  experiment  so  that  they  can 
be  identified.  The  values  of  i/A  are  plotted  against  those  of  the  specific 
conductance.    This  gives  a  linear  curve  if  the  mass-action  law  holds.    At 
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the  concentration  of  about  o.oi  N  the  slope  of  the  curve  increases  slightly 
and  then  continues  in  a  straight  line. 

On  extrapolating  to  get  A0,  a  value  was  obtained  approximately  equal 
to  that  for  ammonium  hydroxide  in  water  solution,1  A0  =  270.6. 

On  applying  the  mass-action  law  and  taking  values  from  the  lower 
part  of  the  curve,  before  the  slope  changes,  the  results  shown  in  the  fol- 
lowing table  were  obtained. 

Table  II. 
Ao  —  270.6. 


soocxactAnce 
X  10i. 

ixio* 

A 

KX  10*. 

23 

28.0 

35  71 

12.92 

57 

64.0 

15.63 

12.91 

7-5 

83.0 

,12.05 

12.92 

II  .O 

120.0 

8-33 

12.92 

This  shows  that  ammonium  hydroxide  in  urea  solution  obeys  the  mass- 
action  law. 

On  determining  the  ionization  constant  of  ammonium  hydroxide  in 
aqueous  solution  the  following  results  were  obtained. 

Tablb  in. 


conductance 
X  !<>•. 

fxio.. 

A. 

KXKH. 

19 

18.0 

55  56 

18.14 

7.6 

61.0 

16.39 

18. II 

15.3 

1 19.0 

8.40 

I8.I2 

23.8 

183.0 

546 

18.13 

The  concentrations  are  expressed  in  equivalents  per  liter.  The  value 
given  by  A.  A.  Noyes*  for  K  at  25 °  is  18. 1  X  io~6,  where  the  concen- 
tration is  expressed  in  equivalents  per  liter. 

The  value  of  A0  ■  270.6  is  the  one  given  by  Noyes  and  was  used  in 
calculating  the  results. 

From  the  value  of  the  equilibrium  constants  we  see  that  in  the  case  of 
urea  and  ammonium  hydroxide  we  have  an  apparent  exception  to  the 
Nernst-Thomson  hypothesis.  Instead  of  the  ionization  constant  being 
increased,  it  is  decreased  about  30%.  This  difference  cannot  be  wholly 
accounted  for  by  viscosity  effects  as  the  viscosity  of  the  urea  solutions 
does  not  differ  appreciably  from  that  of  water. 

Landolt  and  Bdrnstein  give  the  following  data: 

if.  z. 

1 .875  1  026 

3  75  1.072 

where  M  is  the  number  of  moles  of  urea  per  liter  of  water  and  Z  is  the 
viscosity  at  25  °  referred  to  water  as  1 .0000. 

1  A.  A.  Noyes,  Carnegie  Inst.  Pub.t  83  (1907). 

1  Loc.  cit„  19071  p.  228. 
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From  the  great  tendency  of  urea  to  form  complexes  with  acids,  bases 
and  salts,1  it  is  possible  that  an  ammonium-urea  complex,  having  an 
ionization  constants  less  than  that  of  ammonium  hydroxide  was  formed. 

WoftCHBTBs,  Mass. 


(Contribution  from  the  Fdcsd  Nitrogen  Research  Laboratory.] 

STATISTICAL  MECHANICS  APPLIED  TO  CHEMICAL  KINETICS. 

By  Richard  C.  Tolman. 

Received  September  13,  1920. 

I.  Introduction. 

The  rate  at  which  chemical  reactions  take  place  has  long  been  one  of 
the  most  important  and  most  baffling  of  the  problems  of  theoretical 
chemistry.  The  principles  of  thermodynamics  provide  a  theoretical 
basis  for  predicting  just  which  chemical  reactions  can  take  place,  namely, 
those  accompanied  by  an  increase  in  entropy,  and  for  predicting  just  how 
far  they  will  proceed  until  equilibrium  is  attained.  Thermodynamics, 
however,  has  been  powerless  to  provide  information  as  to  the  rate  at  which 
the  thermodynamically  possible  reactions  will  actually  proceed.  In- 
deed chemical  reactions  which  are  accompanied  by  very  large  increases 
in  entropy,  such,  for  example,  as  the  union  of  hydrogen  and  oxygen  to 
form  water,  are  often  the  ones  which  proceed  with  the  slowest  rates.  The 
final  solution  of  the  problems  of  chemical  velocity  will  be  of  extraordinary 
importance  both  for  theoretical  and  for  applied  chemistry,  since  the 
chemist  will  then  be  able  to  predict  not  only  the  possible  reactions  in  a 
given  mixture  of  chemicals,  but  also  the  actual  reactions  which  really  do 
take  place.  The  present  article  aims  to  make  some  contribution  towards 
this  final  solution. 

1.  Previous  Work. — Important  contributions  to  the  general  theory  of 
chemical  velocity  have  been  made  by  Guldberg  and  Waage,2  Arrhenius,' 
Marcelin,4  Trautz,6  Perrin6  and  W.  C.  M.  Lewis.7 

Guldberg  and  Waage  were  the  first  to  understand  the  effect  of  concen- 
tration on  rate  of  reaction. 

Considering  the  reaction 

aA  +  bB+  ...  — >  cC  +  dD+  ...  (i) 

where  a  mols  of  the  Substance  A  react  with  b  mols  of  the  Substance  B, 
etc.,  to  form  the  products  C,  D,  etc.,  the  equation  of  Guldberg  and  Waage, 
1  Meyer  and  Jacobson,  "Lehrbuch  der  Organischen  Chemie,"  x,  Pt.  2  (1913). 

*  Guldberg  and  Waage,  Ostwald's  "Klassiker"  No.  104;  /.  prakt.  Chem.,  19,  69 
(1879). 

*  Arrhenius,  Z.  physik.  Chem.,  4,  226  (1889). 
4  Marcelin,  Ann.  phys.,  3, 120  (1915). 

*  Trautz,  see  summary,  Z.  anorg.  Chem.,  102,  81  (19 18). 

*  Perrin,  Ann.  phys.,  11,  5  (1919). 

7  W.  C.  M.  Lewis,  /.  Chem.  Soc.,  113,  471  (1918);  Phil.  Mag.,  39,  26  (1920). 
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for  the  rate  at  which  the  concentration  of  the  reactant  A  is  decreasing 
may  be  written 

-^-fcCiCl...  00 

where  CA,  CB  . . . ,  etc.,  are  the  instantaneous  concentrations  of  the  re- 
active substances  at  the  time  t  and  ku  the  so-called  specific  reaction  rate, 
is  a  constant,  independent  of  the  concentration,  but  dependent  of  course  on 
temperature.  Equation  2,  which  applies  to  single  phase  homogeneous 
systems,  is  a  correct  expression,  provided  the  actual  mechanism  of  the  re- 
action is  given  by  Equation  1  and  provided  the  reacting  substances  are 
sufficiently  dilute.  The  equation  has  a  familiar  and  obvious  derivation 
based  on  a  consideration  of  the  number  of  collisions  between  reacting 
molecules. 

Arrhenius  investigated  the  relation  between  temperature  and  rate  of 
reaction,  and  showed  that  the  variation  of  specific  reaction  rate  with  the 
temperature  could  be  satisfactorily  expressed  by  the  equation 

d  In  k\  __   E\  ,  . 

~dT  RT*  (3) 

where  E\  is  a  quantity,  having  the  dimensions  of  energy,  which  is  found 
experimentally  to  vary  only  slightly  with  the  temperature. 

Equation  3  has  the  same  form  as  van't  Hoff's  well  known  thermody- 
namic equation  for  the  relation  between  equilibrium  constant  and  tem- 
perature, namely, 

dlnK  ^  AE_  (  . 

where  K  is  the  (concentration)  equilibrium  constant  and  AE  is  the  energy 
absorbed  when  the  reaction  takes  place  at  constant  volume  and  tempera- 
ture. 

The  analogous  forms  of  Equations  3  and  4  led  Arrhenius  to  a  partially 
satisfactory  thermodynamic  derivation  of  Equation  3.  He  postulated 
that  chemical  interaction  does  not  take  place  between  all  molecules  which 
collide  in  reacting  proportions  but  only  between  molecules  which  are  in 
a  special  activated  state.  These  activated  molecules  are  considered  as 
a  tautomeric  form  of  the  reacting  substance  existing  at  very  small  con- 
centration in  equilibrium  with  the  unactivated  form.  Since  the  rate  of 
the  reaction  will  depend  on  the  concentrations  of  the  activated  mole- 
cules, Equation  3  can  then  be  derived  by  combining  the  individual  van't 
Hoff  equations  which  control  the  concentrations  of  the  activated  sub- 
stances, ki  is  found  to  be  proportional  to  the  product  of  the  equilibrium 
constants  for  the  individual  reactions  by  which  the  activated  substances  are 
formed,  anil  E\  the  "energy  of  activation"  is  the  sum  of  the  heats  of  these 
reactions. 
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This  treatment  of  Arrhenius  is  only  partially  satisfactory.  Like  any 
thermodynamic  treatment  it  is  powerless  to  give  information  as  to  the 
internal  mechanism  of  the  processes  involved  and  hence  cannot  ultimately 
compete  with  a  statistical  mechanical  treatment.  It  also  seems  ques- 
tionable whether  it  is  entirely  justifiable  to  treat  a  portion  of  the  mole- 
cules of  a  reactant  namely.,  thqse  having  high  energy  content,  as  a  "thenno- 
dynamically"  distinct  substance.  Furthermore,  the  Arrhenius  discussion 
takes  no  cognizances  of  the  important  rAle  played  by  radiation  in  furnish- 
ing the  energy  of  activation.  It  should  also  be  noted  that  the  idea  of 
activated  molecules  which  exist  as  a  tautomeric  form  and  react  upon 
collision  is  apparently  inapplicable  to  the  important  case  of  monomolecu- 
lar  reactions.  Finally,  modifications  would  have  to  be  introduced  to 
take  care  of  the  increased  frequency  and  violence  of  collision  with  in- 
creased temperature,  as  well  as  the  change  in  effective  time  of  contact 
of  the  molecules  which  are  to  react. 

Marcelin  was  the  first  to  present  any  elaborate  attempt  to  apply  the 
methods  of  statistical  mechanics  to  the  problems  of  reaction  velocity. 
His  important  contribution,  however,  is  marred  by  a  lack  of  apprecia- 
tion of  the  rile  of  radiant  energy  in  the  activation  of  molecules  and  by  a 
confusion  of  Gibbs*  expression  for  the  canonical  distribution  of  an  en- 
semble of  systems  with  Maxwell's  distribution  law. 

Trautz,  W.  C.  M.  Lewis  and  Perrin,  were  the  first  to  appreciate  the  im- 
portance of  radiation  as  the  source  from  which  the  energy  of  activation 
necessary  for  chemical  reaction  is  to  be  obtained.  The  development  of 
this  idea  has  received  its  most  complete  expression  in  the  very  persuasive 
treatment  of  Perrin,  "Mati£re  et  Lumi&e."1  A  brief  account  of  Perrin's 
work  will  be  necessary  to  indicate  the  point  of  departure  for  the  present 
article. 

In  order  to  express  the  mechanism  of  a  chemical  reaction  by  which  the 
substances  A  are  changed  into  the  substances  A',  Perrin  writes  the  equa- 
tion 

Hv  +  A  =  A'  +  Hv'  (5) 

where  v  is  the  frequency  of  the  light  which  has  to  be  absorbed  in 
order  to  activate  A,  v1  is  the  frequency  of  the  light  which  is  g  ven  out  by 
A'  on  formation,  and  H  is  Planck's  constant  h  multiplied  by  Avogadro's 
number  N. 

H  =  Nh.  (6) 

It  will  be  seen  that  Equation  5  takes  cognizance  of  the  quantum  theory 
by  making  Hv  the  energy  of  activation  per  mol.  of  substance,  and  thus 
making  the  energy  of  activation  per  molecule  exactly  one  quantum  of 
energy  hv.  • 

1  Loc.  cit. 
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Equation  5  is  regarded  as  reversible  v'  being  the  frequency  of  light  ab- 
sorbed by  A'  when  the  reaction  proceeds  in  the  reverse  direction. 

In  accordance  with  Equation  5,  Perrin  writes  for  the  total  energy 
change  accompanying  the  reaction 

AE  -  H{v  —  *').  (7) 

In  order  to  investigate  the  rate  of  reaction  and  its  dependence  on  tem- 
perature, Perrin  assumes  that  the  specific  reaction  rate  k  will  be  pro- 
portional to  the  intensity  of  radiant  energy  of  the  activating  frequency  v. 
In  the  case  of  a  purely  thermal  reaction  this  will  obviously  be  the  inten- 
sity of  radiation  in  a  hohlraum  at  the  temperature  in  question.  If  u  is  the 
density  of  energy  in  a  hohlraum  at  temperature  T  we  may  write  in  ac- 
cordance with  the  Planck  law  for  the  distribution  of  radiant  energy, 

dw        8irfer8  I  .  * 

On  the  basis  of  Planck's  distribution  law,  Perrin  then  writes  the  following 
expression  for  specific  reaction  rate, 

s  being  a  compo»te  proportionality  factor  which  in  agreement  with  Perrin 
may  be  called  the  "sensibility"  of  the  substances  A  to  the  action  of  radia- 
tion of  frequency  v. 

Since  the  quantity  £*/kT  is  in  general  very  large  compared  with  unity, 
Perrin  rewrites  Equation  9  in  the  form 

kx  -  si*'**  (10) 

and  indeed  seems  to  feel  that  Equation  10  is  presumably  the  exact  form 
of  the  equation. 

Taking  the  logarithm  of  Equation  10  and  differentiating  with  respect 
to  the  temperature  we  obtain 

d  In  ki  _   hv 

"df         feT5 
or  since  Nk  =  R    atad    Nh  =  H, 

d  In  ki       Hv 


(11) 
ilia) 


dT         RT* 

We  have  thus  derived  Arrhenius'  equation  (3).  Hv  being  the  energy 
of  activation  previously  called  E\. 

2.  Criticism  of  Perrin's  Treatment. — Perrin's  treatment  is  not  en- 
tirely satisfactory  for  the  following  reasons. 

(1)  Equation  7  for  the  energy  change  accompanying  a  reaction  would 
make  the  energy  of  reaction  entirely  independent  of  the  temperature.  This 
is  known  not  to  be  the  case. 

(2)  Perrin's  treatment  is  based  on  the  assumption  that  light  of  a  single 
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frequency  or  rather  of  a  very  narrow  range  of  frequencies  will  be  the  only 
light  having  activating  properties.  We  have,  however,  very  considerable 
evidence  to  show  that  photochemical  reactions  are  produced  by  the  action 
of  light  of  a  considerable  range  of  frequencies.  The  simplest  of  all  chem- 
ical reactions  is  the  dissociation  of  a  substance  into  positive  ions  and  elec- 
trons, and  it  is  well  known  that  the  photo-electric  effect  in  metals  is  pro- 
duced by  a  range  of  frequencies  above  the  limiting  threshhold  frequency. 
This  is  not  only  true  for  solid  metals,  but  I  am  informed  by  Dr.  E.  H. 
Williams  that  it  was  also  found  by  Kunz  and  himself  to  be  true  for  cesium 
vapor.  The  well  known  reactions  of  practical  photography  are  also 
known  to  be  produced  by  light  of  a  great  variety  of  wave  lengths.  Work 
carried  on  in  this  laboratory  by  Dr.  Farrington  Daniels1  has  also  shown 
that  the  photo-chemical  decomposition  of  gaseous  nitrogen  pentoxide  is 
apparently  produced  by  a  range  of  frequencies.  It  is  evident  that  a 
more  general  method  of  treatment  involving  integration  over  the  whole 
range  of  frequencies  is  to  be  desired.  Perrin's  treatment,  even  if  in  other 
ways  correct,  would  then  be  the  limiting  case  of  a  more  general  theory, 
applicable  when  only  a  spectrum  "line"  is  active.  In  this  connection  it 
should  be  pointed  out  that  Perrin's  5  in  Equation  9  must  be  thought  of 
as  containing  a  factor  Av,  corresponding  to  the  width  of  the  supposed 
"line,"  since  Equation  8  gives,  not  energy  density,  but  change  of  energy 
density  with  frequency. 

(3)  Perrin's  assumption  that  specific  reaction  rate  is  really  exactly  pro- 
portional to  €~*"/*r  instead  of  to    ^/kT as  would  be  expected  from 

Planck's  radiation  formula,  seems  arbitrary. 

(4)  Perrin's  treatment  makes  no  allowance  for  the  fact  that  the  differ- 
ent molecules  of  a  reacting  substance  are  undoubtedly  in  many  different 
internal  states.  Hence,  the  rate  of  reaction  and  its  change  with  tempera- 
ture must  be  thought  of  as  depending  on  the  condition  of  the  molecules 
as  well  as  on  the  condition  of  the  surrounding  "bath"  of  radiant  energy. 

(5)  Perrin's  treatment  does  not  make  what  seems  to  be  a  necessary 
differentiation  between  monomolecular  and  polymolecular  reactions.  In 
the  case  of  monomolecular  reactions,  we  may  think  of  the  reaction  as  being 
completed  as  soon  as  the  molecule  has  received  its  energy  of  activation 
In  the  case,  however,  of  di-  and  polymolecular  reactions,  we  shall  find  it  ad- 
vantageous to  consider  as  2  separate  steps,  (a)  the  process  by  which  the 
proper  quota  of  activated  molecules  is  maintained,  and  (6)  the  actual 
chemical  interaction.  This  latter  viewpoint  has  as  a  matter  of  fact 
been  appreciated  both  by  Trautz  and  W.  C.  M.  Lewis.2 

1  To  be  published  in  a  later  number  of  This  Journal. 

*  Since  this  article  was  written  a  further  criticism  of  Perrin's  development  has 
been  made  by  Langmuir,  ibid.,  42,  2190  (1920).  Langmuir  points  out  (1)  that 
many   substances  do  not  have  absorption  bands  for  radiant  energy  of  the    fee- 
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II.  Method  of  Treatment  Adopted  in  this  Article. 

The  point  of  view  adopted  in  the  present  article  is  essentially  an  exten- 
sion of  that  of  Perrin,  the  attempt  being  made  to  meet  the  5  criticisms 
made  above.  The  method  of  treatment,  however,  will  differ  from  that  of 
Perrin  in  being  based  as  nearly  as  may  be  on  the  fundamental  considera- 
tions of  statistical  mechanics. 

Since  many  chemists  are  not  familiar  with  the  methods  of  statistical 
mechanics  we  shall  first  present  a  brief  introduction  to  this  important 
science. 

All  developments  of  statistical  mechanics  which  have  as  yet  reached 
any  degree  of  elaboration  have  been  based  on  the  assumption  that  Hamil- 
ton's equation  of  motion  are  applicable  to  the  different  parts  of  the  sys- 
tem under  consideration,  and  this  assumption  will  be  made  in  the  present 
treatment.  In  recent  years  many  investigators  have  objected  to  such  a 
use  of  Hamilton's  equations  of  motion,  since  they  have  believed  that  a 
statistical  mechanics  founded  on  these  equations  necessarily  led  to  the 
principle  of  the  equipartition  of  energy  which  has  been  shown  not,  to  be 
true  for  the  radiant  energy  in  a  hohlraum,  and  for  other  systems  where 
"quantum"  relations  have  been  found  important.  The  present  writer, 
however,  does  not  believe  that  the  principle  of  the  equipartition  of  energy 
is  a  necessary  consequence  of  Hamilton's  equations,  but  rather  a  conse- 
quence of  an  unnecessary  and  incorrect  assumption  that  energy  is  neces- 
sarily a  homogeneous  quadratic  function  of  the  generalized  coordinates 
and  momenta.  This  point  of  view  has  already  been  presented  by  the 
author1  in  an  article  dealing  with  the  general  theory  of  energy  partition, 
where  it  has  been  shown  that  a  relation  between  energy  and  the  general- 
ized co6rdinates  and  momenta  can  be  found  which  will  even  account  for 
the  distribution  of  energy  in  the  hohlraum  in  accordance  with  the  Planck 
radiation  formula.  For  this  reason  we  shall  feel  justified  in  using  a  statis- 
tical mechanics  based  on  Hamilton's  equations  for  the  present  investiga- 
tion. 

Before  proceeding  to  our  development,  a  word  must  be  said  about  the 
r61e  of  radiant  energy  in  the  production  of  chemical  reaction.  In  this 
connection,  it  is  believed  that  Perrin's  arguments  that  radiant  energy 
is  necessary  for  chemical  reaction  are  unescapable.    If  we  agree  to  the 

quency  which  Perrin  predicts  as  necessary  for  their  activation,  and  (2)  that  the  amount 
of  radiant  energy  of  such  frequencies  which  is  actually  available  in  the  hohlraum  is 
too  small  to  furnish  the  necessary  energy  of  activation.  The  present  writer  agrees 
with  both  these  criticisms  of  Perrin's  treatment.  He  is  not  inclined  at  the  present, 
however,  to  give  up,  as  Langmuir  suggests,  the  whole  radiation  theory  of  reaction 
velocity.  As  will  be  evident  in  the  sequel,  the  present  development,  by  assuming  the 
possibility  of  a  widely  extended  range  of  activating  frequencies,  meets  the  objections  of 
Langmuir  as  well  as  the  5  objections  noted  above. 
1  Tolman,  Pkys.  Rev.,  ix,  261  (1918). 
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general  idea,  as  presented,  indeed  in  the  simple  Arrhenius  treatment,  that 
reaction  occurs  only  between  activated  molecules,  we  find  experimentally 
from  the  temperature  coefficient  of  rate  of  reaction  (see  Equation  3) 
that  the  energy  necessary  is  usually  very  large,  much  larger  than  ordinary 
heats  of  reaction.  In  order  to  maintain  a  steady  rate  of  reaction,  the 
molecules  of  the  reacting  substances  will  have  then  to  obtain  in  some 
continuous  -way  this  necessary  energy  of  activation.  It  can  come  either 
from  collision  with  other  molecules  or  from  the  surrounding  bath  of  radiant 
energy.  If  the  only  source  of  energy  were  collisional  we  should  expect  a 
decrease  in  specific  reaction  rate  on  increased  dilution  which  is  not  f  ound 
to  be  the  case.  We  may  conclude  that  radiant  energy  is  an  important 
source  for  the  energy  of  activation  and  the  only  source  for  reactions  in 
gases  of  high  dilution. 

m.  Statistical  Mechanics  Applied  to  Chemistry. 

1.  The  Equations  of  Motion.— Consider  a  chemical  system  such  as 
a  gaseous  mixture  of  reacting  molecules  immersed  in  a  bath  of  radiant 
energy  of  a  character  corresponding  to  the  temperature.  The  configura- 
tion of  the  system  at  any  instant  will  be  determined  by  the  specification 
of  the  position  of  the  different  molecules,  the  orientation  of  the  atoms  com- 
posing them,  and  the  electromagnetic  displacement  in  the  different  modes 
of  vibration  which  are  the  seat  of  the  radiant  energy.  If  a  statement  of 
the  values  of  n  generalized  coordinates,  fa  fa  fa  ...  fa  is  just  sufficient  to 
specify  the  configuration,  the  system  is  said  to  have  n  degrees  of  freedom. 

The  future  behavior  of  the  system  will  be  determined  by  the  instan- 
taneous values  of  these  n  generalized  codrdinates  and  by  the  instantaneous 

values   of  the   corresponding   n   generalized  velocities   fa  fa  fa fa, 

the  dot  being  used  in  general  to  indicate  differentiation  with  respect  to 
time.    If  the  system  is  a  conservative  one,  the  equations  of  motion  can 
be  written  in  the  remarkably  symmetrical  Hamiltonian  form 
bH       '      bH       ;      bH       ' 

—     =s   (J)}       =   02        ss   fa    •  •  .    • 

tyi  tyt  ty*  /   \ 

bH         ;    bH  ;    bH 

ityi  bfa  bfa 

where  the  new  quantities,  fafafa...  fa,  are  known  as  the  generalized 

momenta  for  the  system  and  are  themselves  functions  of  the  #'s  and  $'s, 
and  H,  the  so-called  Hamiltonian  function,  is  the  energy  of  the  system  E 
expressed  as  a  function  of  the  generalized  coordinates  and  momenta. 
H  =  E  (fa  fa...  fa  fa  fa...  fa).  (14) 

2.  Geometrical  Representation. — The  state  of  our  system  at  any  in- 
stant will  be  completely  determined  by  the  specification  of  the  2n  varia- 
bles, fa  fa  ...  fa  fa  fa  ...  ^„.    We  shall  find  it  convenient  to  think  of 
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the  state  of  the  system  as  represented  by  the  position  of  a  point  in  a  2tt 
dimensional  space. 

Suppose  now  we  have  a  great  many  systems  of  the  same  structure  but 
differing  in  state.  Then  for  each  system  we  shall  have  a  point  in  our 
2n  dimensional  space,  and  if  the  systems  are  left  to  themselves  these  points 
will  describe  stream  lines  in  accordance  with  the  equations  of  motion  (13). 

3*  The  Maintenance  of  Uniform  Density. — Suppose  now  that  the 
points  representing  the  states  of  the  different  systems  are  originally  dis- 
tributed with  the  uniform  density  p  throughout  the  2n  dimensional  space. 
Then  it  is  a  necessary  consequence  of  the  equations  of  motion  that  the 
density  will  remain  uniform.  For  the  rate  at  which  the  density  would 
increase  at  any  point  we  can  obviously  write 

and  since  the  equations  of  motion  (13)  evidently  necessitate  the  relations 

*!  +  &*. o      **?  +  ^  =  o    etc 

we  conclude  that  the  original  uniform  density  will  not  change. 

This  maintenance  of  uniform  density  is  a  very  important  result.  It 
means  that  there  is  no  tendency  for  the  representative  points  to  crowd 
into  any  particular  portion  of  the  2»  dimensional  space.  For  this  reason 
if  we  start  some  one  isolated  system  going  and  plot  its  state  in  our  2n 
dimensional  space,  we  shall  assume  that  after  an  indefinite  lapse  of  time 
its  representative  point  is  equally  liable  to  be  in  any  one  of  the  infinitesimal 
elements  of  equal  volume  (d</>i  d<fc  . . .  d<f>n  d^i  d^j  . . .  d^M)  into  which  we 
can  divide  our  space,  provided  this  elementary  region  corresponds  to  the 
energy  content  of  the  system. 

4.  Probability  of  a  Given  Microscopic  State. — As  a  convenient  no- 
menclature, we  shall  say  that  the  microscopic  state  of  a  system  is  specified 
by  a  statement  of  the  particular  element  of  volume  (d^i  d<fc  . . .  d4„  dft 
d^t  . . .  d^„)  in  which  the  representative  point  for  the  system  falls.  On 
the  basis  of  the  conclusion  reached  in  the  last  paragraph  we  shall  state  the 
important  principle  that  all  the  different  microscopic  states  of  a  system  have 
the  same  probability. 

5.  Probability  of  a  Given  Statistical  State. — Let  us  suppose  that  our 
system  is  a  chemical  one  composed  of  a  large  number  of  identical  elements 
such  as  atoms,  molecules,  modes  of  electromagnetic  vibration,  etc.  Let 
A,  B,  C,  etc.,  be  the  number  of  elements  of  each  of  the  various  kinds  which 
go  to  make  up  the  complete  system,  and  let  us  consider  that  our  in  gen- 
eralized coordinates  and  momenta  can  be  assigned  to  the  individual  ele- 
ments of  the  system. 
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For  a  chemical  system  of  this  kind,  we  shall  be  particularly  interested 
in  the  number  of  elements  of  any  particular  kind  A  which  have  codrdinates 
and  momenta  falling  in  any  given  infinitesimal  range, 

<W  =  d*M  <**a,  . . .  d^A,  d^A,  . . .  (15) 

where  4^,  <pAi  . . .  ^Al  ^At  . . .  are  generalized  codrdinates  and  momenta 
of  the  kind  that  are  assigned  to  one  of  the  elements  of  the  kind  A.  We 
shall  specify  the  statistical  state  of  our  system  by  stating  the  number  of 
elements  of  the  various  kinds  A,  B,  C,  etc.,  which  fall  in  the  different  possi- 
ble infinitesimal  ranges  d<r. 

A  specification  of  the  microscopic  state  of  the  system  determines  the  co- 
ordinates and  momenta  for  each  individual  element  of  which  the  system 
is  composed.  The  statistical  state  merely  determines  the  number  of  ele- 
ments of  each  of  the  different  kinds  which  have  coordinates  and  momenta 
of  a  particular  magnitude,  without  attempting  to  make  any  distinction 
as  to  which  particular  elements  are  taken  to  supply  the  quota.  We 
thus  see  that  corresponding  to  a  given  statistical  state  there  will  be  a  large 
number  of  different  microscopic  states  which  can  be  obtained  by  the  inter- 
transposition  of  elements  of  a  given  kind  from  one  region  da  to  another 
without  disturbing  the  total  number  in  earh  region.  Since  we  have  al- 
ready concluded  that  all  microscopic  states  are  equally  probable,  we  may 
now  conclude  that  the  probability  of  any  given  statistical  state  is  propor- 
tional to  the  number  of  microscopic  states  to  which  it  corresponds. 

Let  us  specify  a  given  statistical  state  by  stating  that  AiA^A* . . .  BiBjBi 
. .. .C1C3C1  . . .,  etc.,  are  the  number  of  elements  of  each  of  the  kinds 
which  have  coordinates  and  momenta  falling  in  the  particular  infinitesimal 
ranges  Nos.  iA,  2A,  3A. . .,  iB,  2B,  3B,  . . .  etc. 

Then  it  is  evident  from  the  principles  of  permutation  that  the  num- 
ber of  microscopic  states  corresponding  to  this  statistical  state  will  be 

w  = tsKL (T6) 

|Ai|A,|A8...|B1£nk7...|C1|&B.    • 
where  A,  B,  C,  etc.,  are  the  total  number  of  elements  erf  each  of  the  kinds. 
We  shall  call  W  the  probability  of  the  given  statistical  state,  without  in- 
troducing any  proportionality  factor. 

Let  us  now  assume  that  each  of  the  numbers  A  Ai  At  . . .  B  Bi  B%  . . ., 
etc.,  is  large  enough  so  that  we  may  apply  Stirling  formula  for  factorial  N, 

\N  -  yl^N(N/e)N.  (17) 

Substituting  in  Equation  16,  taking  the  logarithm  of  W  for  greater  con- 
venience and  omitting  negligible  terms,  we  obtain 

log  W  =  A  log  A  +  B  log  B  +  C  log  C  +  . . . 

—  Ai  log  A!  —  A2  log  A2  —  A3  log  A3  —  . . .      ,  ^ 

—  Bi  log  Bi  —  B,  log  B2  —  B8  log  B«  —  . . .      K    ' 

—  Ci  log  Ci,  —  etc. 
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which  can  be  rewritten  in  the  form 

logW  -  AlogA  +  BlogB  +  ClogC+  ...  (      . 

—  SA^log  A,  — SBylog  By  — SC*  log  Ck  —  . . .        U*a; 
where  the  summation  2  is  to  be  taken  over  all  the  infinitesimal  regions, 
*  =  i>  2,  3,  . . .  /  =  i,  2,  3   . . .  k  =  i,  2,  3  . . .   etc 

6.  Statistical  State  of  Maximum  Probability. — We  shall  be  specially 
interested  in  the  statistical  state  of  maximum  probability  with  a  system 
having  a  given  energy  content.  The  condition  for  maximum  probability 
will  evidently  be 

51ogW  =  — 2(logAi+i)dAi  —  X(logBj+i)dBj—  ...  =0    (19) 

The  variation  6  however  cannot  be  carried  out  entirely  arbitrarily  since 
the  total  number  of  elements  of  any  kind  A,  B,  C,  etc.,  will  not  be  taken 
as  subject  to  variation,  and  the  total  energy  of  the  system  will  be  taken 
as  constant. 

For  the  total  number  of  elements  of  each  kind  we  may  write 
A  «  XAi    B  =  ZBj    C  =  2C*,  etc., 
and  since  these  totals  are  not  to  yary  we  obtain 

S5A$-  =  o,    S5By  =  o,    2dCk  =  o,  etc.  (20) 

For  the  total  energy  of  the  system  we  may  write,1 

E  -  2AiE4  +  XBjEj  +  ZCkEt  +  . . . 
where  Ef  is  the  energy  of  an  element  of  kind  A  in  the  i'th  region,  etc. 
Since  the  total  energy  is  to  remain  constant  during  the  variation,  we  ob- 
tain 

6E  =  ZEfiAi  +  XEjdBj  +  2£*aC*  +  . . .  =  o.  (21) 

The  simultaneous  Equations  19,  20  and  21  may  be  combined  by  the 
method  of  undetermined  multipliers  giving  us 

2(logA<+  1  +  XA+  mE<)5A< 
+  S(log  By  +  1  +  XB  +  nEj)dBj  (22) 

+  S(log  Ck  +  . .  etc.  =0 

where  the  quantities  XA  XB  . . .  and  n  are  undetermined  multipliers.  The 
introduction  of  these  undetermined  multipliers  now  makes  the  variations 
6A4,  etc.,  entirely  arbitrary,  so  that  Equation  22  may  be  solved  in  the 
form 

log  A4+  1  +  \A+  pEi  =  o 
log  By  +  1  +  XB  +  i*Ej  =  o  (23) 

log  C*  +,  etc. 
These  relations  may  be  rewritten  in  the  form 

1  We  introduce  at  this  point  the  tacit  assumption  that  no  error  will  be  introduced 
into  the  discussion,  if  we  take  the  energy  of  an  element  as  independent  of  the  state  of 
other  elements  of  the  sytsem. 
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B^  =  ase-***  (23a) 

etc. 

where  aA,  aB,  etc.,  correspond  to  the  original  undetermined  multipliers, 
*ai  *b>  etc.,  and  c  is  the  base  of  the  natural  system  of  logarithms.  It  should 
be  specially  noticed  that  aA,  «b>  etc.,  are  dependent  on  the  kind  of  ele- 
ment in  question,  but  that  the  quantity  /u  occurring  in  Equations  23  and 
23a  is  the  same  for  elements  of  any  kind. 

7.  Introduction  of  a  Continuous  Variable. — Let  us  now  express  the 
information  contained  in  Equations  23a  in  a  slightly  different  form.  The 
quantity  A<  occurring  in  Equations  23a  is  the  number  of  elements  of  the 
kind  A  in  the  t'th  region  d<rt-  =  (dfoid^A*  •  •  •  d&AjtyA*  •  •  •)  when  we  have 
the  distribution  of  maximum  probability,  and  this  quantity  A,-  is  as  we 
see  determined  solely  by  the  kind  of  element  involved  and  the  energy  of  an 
element  in  the  i*th  region.  Now  A</A  will  be  the  chance  that  an  dement 
of  kind  A  will  be  in  the  t'th  infinitesimal  region  when  we  have  the  distri- 
bution of  greatest  probability,  let  us  write  A</A  proportional  to  the  vol- 
ume of  the  infinitesimal  region,  we  have 

j*  =  Wider, 

where  ti/j  is  the  chance  per  unit  generalized  volume  that  an  element  of 
kind  A  will  have  coordinates  and  momenta  of  the  specified  magnitude. 
wf  will  evidently  depend  as  does  A<  solely  on  the  kind  of  element  involved 
and  on  the  energy  of  an  element  in  the  particular  region  cLr  involved.  It 
is  evident  from  Equation  23a  that  we  can  then  write  as  an  expression  for 
the  chance  that  the  coordinates  and  momenta  of  an  element  will  fall  in  a 
particular  infinitesimal  region  da, 

tt>A<W  «*  OAC-^dcTA, 

etc. 

where  the  quantities  aA,  aB,  etc.,  correspond  to  the  original  undetermined 
multipliers,  XA,  XB,  etc.,  and  hence  depend  on  the  kind  of  element  in- 
volved and  where  p  is  the  same  for  all  kinds  of  elements. 

Now  it  is  well  known  that  for  a  perfect  monatomic  gas  n  has  the  value 
i/kT  where  T  is  the  absolute  temperature  and  k  is  the  gas  constant  R 
divided  by  Avogadro's  number  N,  for  the  number  of  molecules  in  a  gram 
molecule.  Since  part  of  our  system  could  always  be  a  dilute  indifferent 
monatomic  gas  without  influencing  any  phenomena,  we  may  write  in 
general  as  our  final  expressions  for  the  chance  that  an  element  of  a  given 
kind  will  have  coordinates  and  momenta  falling  in  a  given  infinitesimal 
region, 
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a>A<i<rA  -  ak€'BA/kT  dcrA  -  aKCE^kT  d^d^  . . .  d^d**  . . . 
i£ted<rB  -  <*B€  BB/hT  d<rB  =  oB€  BB/kT  d^Bid^B,  •  •  •  d^Bld^B,  . . . 
wcdffc  =  etc.  (24) 

Or,  in  general, 

wdcr  «  d€"B/*r  dcr  =  a€"£/*r  d&d**  . . .  dftdft  . . . 
This  may  be  called  the  generalized  Maxwell's  distribution  law. 

8.  Three  Fundamental  Equations  of  Statistical  Mechanics. — Since 
the  probability  that  a  given  element  has  some  value  for  its  generalized 
coordinates  is  unity  we  may  write 

faCE/kTda  =  f...f  0€-fi/*rd<fcd<fe  . . .  dftdfc  . . .  =  1     (25) 
where  the  symbol  £  iijdicates  that  the  integration  is  to  be  carried  out  over 
the  whole  region  of  the  generalized  space  involved.    This  equation  may 
be  regarded  as  determining  the  quantity  a,  which  is  seen  to  be  a  function 
of  the  temperature. 

Since  ae"  B/hTd<r  is  the  chance  that  an  element  will  be  found  in  the  region 
dcr  it  is  evident  that  the  average  value  of  any  property  P  of  the  elements 
will  be  given  by  the  equation 

P-foCmT  Pda=f...fa€-E/kT  Pd4nd<h  . . .  dfcdfc  . . .    (26) 
where  P  is  to  be  regarded  as  a  function  of  the  coordinates  and  momenta 
and  where  the  integration  is  to  be  taken  over  the  whole  or  a  part  of  the 
generalized  space,  according  as  the  average  of  P  is  desired  for  all  or  a 
part  of  the  elements. 

Equations  25  and  26  will  permit  us  to  obtain  important  information 
as  to  the  multiplier  a.  If  we  differentiate  Equation  25  with  respect  to 
the  temperature  T  we  obtain 

fda/dT  CE/kT  dcr  +  faCE/kT  E/kT*  dcr  =  o. 
Dividing  the  first  term  of  this  equation  by  £ai~EfkT  dcr  =  1,  and  noting 
that  the  second  term  in  accordance  with  Equation  26  is  the  average  value 
of  E/kT*  for  all  the  elements  of  the  kind  in  question  we  obtain 

/dq/dr€-£/*rdcr  _         E  (    . 

fcuE/kT  da  JfeP  {2?) 

or 

din  a E 

dT  kT* 

where  we  have  used  the  symbol  E  to  indicate  the  average  value  of  E.    We 
shall  find  later  use  for  this  important  equation. 

IV.  Application  of  Statistical  Mechanics  to  Rate  of  'Chemical  Reaction. 
It  is  evident  that  statistical  mechanics  is  a  much  more  powerful,  al- 
though more  complicated,  tool  for  the  treatment  of  chemical  problems 
than  is  thermodynamics.    It  is  more  powerful  because  it  is  based  on  a 
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consideration  of  the  behavior  of  the  ultimate  elements  of  which  the  system 
is  composed. 

i.  Nature  of  Systems  to  be  Considered. — In  the  present  article  we 
shall  apply  statistical  mechanics  to  a  consideration  of  the  rate  of  chemical 
reaction  in  gaseous  systems,  and  shall  make  a  number  of  restrictions  as 
to  the  nature  of  these  systems. 

(a)  In  the  first  place,  we  shall  assume  that  the  reactions  which  we  con- 
sider do  not  proceed  with  explosive  violence,  but  at  a  slow  and  measurable 
rate.  We  shall  assume  this  rate  slow  enough,  so  that  we  can  assume  that 
the  elements  of  our  system  at  any  instant  of  time  are  in  the  statistical 
.  state  of  maximum  probability!  The  instantaneous  rate  of  chemical  re- 
action will  then  be  determined  by  the  characteristics  of  this  particular 
statistical  state  concerning  which  we  have  already  obtained  important 
information. 

(6)  We  shall  further  assume  for  the  sake  of  simplicity  that  the  reac- 
tions which  we  are  considering  consist  of  a  single  molecular  change  of 
the  general  type 

aA  +  bB  — ►  Products. 
In  practice,  there  are  of  course  many  reactions  which  take  place  in  steps, 
with  the  formation  of  intermediate  compounds  which  later  react  again, 
or  with  the  formation  of  temporary  compounds  with  some  substance 
which  acts  as  a  catalyst.  Since,  however,  the  total  process  can  be  thought 
of  as  analyzed  into  a  series  of  simple  steps  of  the  above  type  we  shall  con- 
fine our  immediate  theoretical  treatment  to  a  consideration  of  single 
molecular  changes. 

(c)  We  shall  assume  our  gaseous  mixtures  dilute  enough  so  that  the 
gas  laws  hold  for  each  of  the  reactants  and  each  of  the  products  of  the  re- 
action, and  dilute  enough  so  that  the  specific  reaction  rate  for  the  forward 
reaction  k\  and  for  the  reverse  reaction  k%  are  independent  of  concentra- 
tion. This  assumption  that  the  gases  are  dilute  entails  several  important 
consequencies. 

Since  the  gases  are  dilute  enough  to  obey  the  perfect  gas  laws,  van't 
Hoffs  equation  for  the  equilibrium  constant  will  be  exactly  true,  namely, 

dlnK  _  &£  t    . 

~dT~  ""  85*  C28) 

where  K  is  the  (concentration)  equilibrium  constant,  AE,  is  the  energy 
change  accompanying  the  reaction  at  constant  temperature  and  volume 
and  R  and  T  have  their  customary  significance. 

As  a  further  consequence  of  the  dilution  we  shall  have  as  an  exact  re- 
lation, 

K  -  kxfk*  (29) 

and  hence  our  theory  of  rate  of  reaction  must  lead  exactly  to  the  relation, 
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dinky  _  din  hi  _  AE  ,    . 

dr        dr       /?r»-  w 

As  a  final  consequence  of  the  dilution  assumed,  we  are  led  to  the  conclu- 
sion that  radiant  energy  takes  a  necessary  part  in  the  mechanism  of  the 
chemical  change.  If  reactions  take  place  only  between  "activated" 
molecules  which  have  considerably  more  energy  than  the  average,  it  is 
evident  that  in  order  to  maintain  a  steady  rate  of  chemical  change,  there 
must  be  some  source  from  which  molecules  may  receive  the  necessary 
"energy  of  activation."  The  source  of  the  "energy  of  activation"  must 
either  be  molecular  collision  or  the  bath  of  radiant  energy  in  which  the 
molecules  are  immersed.  If  our  gases  are  assumed  dilute  enough  so  that 
further  dilution  leads  to  no  change  in  the  specific  reaction  rate,  we  must 
conclude,  since  dilution  decreases  the  number  of  molecular  collisions,  that 
radiant  energy  is  the  source  of  the  energy  of  activation  and  hence  takes 
an  essential  part  in  the  chemical  change. 

2.  Thermal  Rate  of  a  Monomolecular  Reaction. — Let  us  first  con- 
sider monomolecular  reactions,  which  might  consist  either  in  a  decomposi- 
tion of  the  molecules  or  in  the  formation  of  an  isomer.  The  decomposi- 
tion of  nitrogen  pentoxide,  which  has  been  studied  in  this  laboratory  by 
Daniels,  is  the  most  satisfactory  example  of  a  gaseous  monomolecular 
reaction. 

In  the  case  of  monomolecular  reactions,  we  may  conceive  of  the  reaction 
taking  place  as  soon  as  the  molecule  has  received  its  energy  of  activation. 
This  differs  from  the  case  of  di-,  and  poly-molecular  reactions,  where  we 
shall  expect  cases  in  which  the  molecules  exist  for  an  appreciable  length 
of  time  in  the  activated  state  and  then  react  upon  collision. 

The  chance  that  a  molecule  will  react,  i.  e.t  will  pick  up  the  necessary 
energy  of  activation  from  its  bath  of  radiant  energy,  will  be  determined 
in  the  first  place  by  the  state  of  the  molecule  itself,  and  this  means  of 
course  by  the  values  of  the  generalized  coordinates  and  momenta  which 
describe  the  condition  of  the  molecule.  If  CA  is  the  number  of  molecules 
in  unit  volume  of  the  reacting  gas,  then  by  Equation  24, 

A,  -  Ca^.-*"*7^  (31) 

is  the  number  of  molecules  whose  coordinates  and  momenta  fall  in  the  small 
region  doy,  provided  we  assume  that  the  molecules  are  distributed  in  the 
statistical  state  of  maximum  probability.  This  latter  assumption  cannot 
of  course,  be  exactly  true,  since  some  of  the  regions  dcrA  correspond  to  an 
activated  condition  of  the  molecule  and  hence  one  which  immediately 
leads  to  a  destructon  of  the  molecule.  Since,  however,  we  shall  find  that 
the  energy  2£<  is  very  large  for  activated  molecules,  the  number  of  such 
molecules,  even  without  reaction,  would  be  negligibly  small.  As  to  the 
re-establishment  of  the  statistical  state  of  maximum  probability,  as  mole 
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cules  are  removed  by  reaction,  we  have  already  assumed  the  reaction 
slow  enough  to  permit  of  this  adjustment. 

The  chance  that  a  molecule  will  take  up  the  necessary  energy  of  activa- 
tion will  depend  not  only  on  the  condition  of  the  molecule  but  also  on  the 
condition  of  the  surrounding  bath  of  radiant  energy.  If  the  electromag- 
netic disturbances  in  a  hohlraum  be  analyzed  into  periodic  disturbances 
by  the  methods  of  Fourier's  series,  it  can  be  shown  that  the  number  of 
modes  of  vibration  per  unit  volume  having  a  frequency  between  p  and 
v  +  dv  is  equal  to 

N  =  *£  d,  (32) 

where  c  is  the  velocity  of  light.  The  complicated  derivation  of  Equation 
32  need  not  detain  us  here.  It  is  sufficient  to  note  that  except  for  the 
magnitude  of  the  factor  8r,  Equation  32  is  a  necessary  consequence  of 
the  theory  of  dimensional  homogeneity,  since  N  must  have  the  dimen- 
sions of  a  number  per  unit  volume. 

The  electromagnetic  condition  in  which  a  given  mode  of  vibration  finds 
itself  will  be  determined  by  a  specification  that  certain  generalized  co- 
ordinates and  momenta  fall  in  a  particular  infinitesimal  region  d<r*.  If 
we  have  the  statistical  state  of  maximum  probability  the  number  of  modes 
of  vibration  per  unit  volume  having  frequencies  in  the  range  dpj  and  co- 
ordinates and  momenta  in  the  region  d<xr  will  be  in  accordance  with 
Equations  24  and  32, 

^-^dr/i^-^'dr*.  (33) 

c% 
Let  S0*  be  the  chance  per  unit  time  that  a  molecule  in  state  da<  will 
undergo  its  monomolecular  chemical  change  when  it  is  surrounded  by 
unit  density  of  modes  of  electromagnetic  vibration  in  state  dcr*.  Then 
for  the  total  number  of  molecules  which  react  in  unit  time,  we  may  write 
in  accordance  with  Equations  31  and  33, 

-*£±  =  2sii<CAaArE<''T  **,*£*,,>,  *-'*»' d<rk,        (34) 
ctf  o* 

where  the  summation  2  is  to  be  carried  out  for  all  frequencies  and  for  all 
possible  regions  i  and  k.  Dividing  through  by  CA  and  replacing  the  sum- 
mation by  the  integration  form,  we  obtain 

-  F   ¥?  -  *>  "  *****  «~8A/*r  2=T*«-W  **"*  (35) 
C  a  d*  c* 

as  an  expression  for  the  specific  rate  k\  of  our  reaction. 

In  order  to  have  a  complete  understanding  of  the  significance  of  Equa- 
tion 35  we  may  note  that  <rA,  v,  c9  and  T  are  to  be  regarded  as  independent 
variables.  The  other  quantities  on  the  right  hand  side  of  Equation  35 
are  functionally  dependent  on  these  variables  as  follows: 
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$  =*  s(<rA,  v9  <r,)1 

<*A  «  *a(J) 

EA  =  EA(aA)  (36) 

a,  =  a,(>%  T) 
E9  -  £,(*,) 
A  complete  knowledge  of  these  functional  relations  would  permit  an 
exact  prediction  of  the  specific  reaction  rate,  and  this  must  be  regarded 
as  an  ultimate  problem  of  chemical  kinetics. 

In  the  meantime,  we  can  get  important  further  information  from 
Equation  35  without  any  knowledge  of  these  functional  relations. 

3.  Temperature  Coefficient  for  Monomolecular  Reaction  Rate. — If 
we  differentiate  Equation  35  with  the  temperature,  we  shall  obtain  a 
derivation  of  the  Arrhenius  expression  for  the  temperature  coefficient  of 
specific  reaction  rate,  which  will  give  a  real  insight  into  the  meaning  of 
that  equation.  Differentiating  Equation  35,  dividing  by  kh  and  noting 
in  accordance  with  Equation  27  that 

doA  =       dlnaA EA 

AT         A    AT  hkT* 

Aa9  _      d  In  a,      _      Jj, 
AT  "  a'    AT     ~       *'  kT* 
we  obtain 

1   Aki      Alnki      1     >»>•>»       EA         -EA/hT  Sat2      -rjut  a     a  a 
£1  dT         di  A?i  A?i2  c* 

1?  «    *  (37) 

ki  kT2  c* 

R\  rwJ.  C 

Examining  this  equation  in  the  light  of  Equation  35  itself,  it  will  be 
found  that  each  of  the  terms  on  the  right  hand  side  is  the  average  value 
of  some  property  of  the  molecules  or  of  the  modes  of  vibration  thatt  enter 
into  the  reaction,  we  obtain 

Alnh  _  EA  —  EA  +  ER  —  ER  f 

where  EA  is  the  average  energy  of  the  molecules  which  actually  enter  into 
the  reaction,  EA  is  the  average  energy  of  all  the  molecules  of  this  kind  in 
the  system,  ER  is  the  average  radiant  energy  of  the  modes  of  vibration 

1  Since  a{  must  vary  when  v  varies,  the  introduction  of  v  into  this  equation  is  not 
essential,  although  informing. 
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upon  participation  in  the  reaction,  and  ER  is  the  average  radiant  energy  of 
such  modes  of  vibration  whether  or  not  they  are  in  a  reactive  condition. 
Equation  38  may  be  written  in  the  form 

Q  Itt  k\   _  -^activated  ^average   _     &C  /      \ 

dT  RT2  RT2  V39; 

where  £activatcd  *s  ^e  energy  entering  into  the  decomposition  of  one 
mol  of  molecules  through  their  interaction  with  one  "mol"  of  modes  of 
vibration.  Eaver&ge  is  the  average  energy  of  these  elements,  and  their 
difference  is  Ect  which  may  be  called  the  critical  increment. 

In  obtaining  Equation  39  we  have  completed  our  derivation  of  the 
Arrhenius  expression  for  the  temperature  coefficient  of  reaction  velocity, 
for  the  special  case  of  monomolecular  reactions.  It  should  be  noted 
that  the  quantity  Ec,  is  one  which  will  not  vary  much  with  the  tempera- 
ture, since  neither  the  energy  of  the  activated  molecules  and  modes  of 
vibration,  nor  their  average  energy  will  change  rapidly  with  the  tempera- 
ture. This  approximate  constancy  of  Ec  agrees  with  the  experimental 
facts,  as  determined  for  example,  by  Daniels,  for  the  monomolecular 
decomposition  of  nitrogen  pentoxide. 

4.  Photochemical  Rate  of  a  Monomolecular  Reaction. — In  the  fore- 
going development  we  have  regarded  a  thermal  monomolecular  reaction 
essentially  as  a  photochemical  reaction,  in  which  the  activating  light  has 
its  energy  distributed  among  the  different  frequencies  in  accordance  with 
the  normal  distribution  in  a  hohlraum  which  has  come  to  thermal  equi- 
librium. By  a  photochemical  reaction  in  the  narrower  sense  we  mean  one 
in  which  we  have  monochromatic  illumination.  Our  method  of  treat- 
ment will  permit  us  to  obtain  important  information  as  to  the  effect  of 
monochromatic  light. 

Returning  to  Equation  35,  we  have  as  an  expression  for  the  thermal 
specific  reaction  rate, 

*i  =  fff  saA  «-£A/Ar  *£  a,  «-E''*r  d<rAdvd,,.  (35) 

% 

It  is  evident  that  for  the  part  of  the  reaction  which  is  due  to  frequencies 
between  v  and  v  4*  dp  we  may  write  the  reaction  rate 

*'  =  *Hl  dr  ff  saA  rB*/kT  ap  t-^kT  d<rAd<r,.  (40) 

Furthermore,  in  accordance  with  measurements  which  have  been  made 
on  black  body  radiation,  we  may  write  for  the  density  of  radiant  energy 
having  frequencies  between  v  and  v  +  dv, 

If  then  we  assume,  in  accordance  with  the  available  experimental  data, 
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that  the  rate  of  a  photochemical  reaction  is  proportional  to  the  intensity 
of  illumination,  we  may  divide  Equation  40  by  Equation  41  and  write 
as  an  expression  for  photochemical  specific  reaction  rate 

J*/kT T 

*,  -  '      hy      -   ffsaK  e-W  a^/hT  d<rAder,.  (42) 

This  expression  is  important,  since  k,  is  a  quantity  which  can  be  deter^ 
mined  experimentally  by -measuring  the  rate  of  reaction  under  a  known 
intensity  of  illumination  with  monochromatic  light  of  frequency  v.  Hav- 
ing determined  the  value  of  k9  over  the  complete  range  of  active  frequen- 
cies we  may  then  predict  the  thermal  reaction  rate  by  a  process  of  inte- 
gration.   This  will  affprd  a  valuable  check  of  the  soundness  of  the  theory. 

We  have  from  Equations  42  and  35 

Hence  the  value  of  k\  can  be  predicted  from  a  complete  knowledge  of  kp. 
It  is  hoped  that  quantitative  photochemical  experiments  will  be  made  on 
the  decomposition  of  N2O5  suitable  for  testing  Equation  43. 

If  there  were  only  one  narrow  range  of  activating  frequencies  as  as- 
sumed by  Perrin,  then  it  would  be  possible  to  carry  out  the  inverse  process 
of  predicting  k,  from  k\,  but  in  general  this  does  not  seem  to  be  true.  In 
the  case  of  the  decomposition  of  nitrogen  pentoxide,  Daniels  predicts,  on 
the  basis  of  Perrin's  theory,  that  light  of  wave  length  n  50/4 ju  should  be 
photochemicaUy  active,  but  finds  experimentally  that  this  is  not  the 
case. 

5.  Temperature  Coefficient  for  Monomolecnlar  Photochemical  Reac- 
tion Rate. — By  the  temperature  coefficient  of  a  photochemical  reaction, 
we  shall  understand  the  change  in  rate  produced  when  the  temperature 
of  the  gas  is  raised  but  the  nature  of  the  monochromatic  illumination 
is  kept  constant.  Referring  again  to  Equation  42,  we  have  for  the  re- 
action rate  under  the  influence  of  monochromatic  illumination  of  fre- 
quency v  and  unit  energy  density 

K  -  €      hy      '  SS  sa#E*/kT  o*-W  d,Ad<rr.  (42) 

If  we  raise  the  temperature  of  the  gas,  but  hold  our  artificially  produced 
illumination  constant,  we  shall  vary  the  quantity  aAe~BA/kT dcA,  which 
determines  the  distribution  of  the  molecules  in  the  different  regions  d<rA, 
but  shall  leave  the  other  quantities  unaffected.    We  may  thus  obtain 

k,  AT       k.         h>  dT 

k„         hv  kT2 
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Applying  the  same  considerations  and  symbols  used  in  connection  with 
Equation  38,  we  obtain  as  an  expression  for  the  temperature  coefficient 
of  a  monomolecular  photochemical  reaction, 

A  lnkp      EA  —  EA  ,aax 

~df~  kT*     .  {H) 

In  other  words,  the  temperature  coefficient  of  the  photochemical  reaction 
rate  is  proportional  to  the  difference  between  the  energy  of  the  molecules 
which  actually  react  and  the  average  energy  of  all  the  molecules  of  that 
kind.  It  will  be  remembered  that  the  temperature  coefficient  of  the 
thermal  reaction  rate  was  proportional  to  the  energy  of  the  molecules  and 
modes  of  vibration  that  entered  into  the  reaction  minus  the  average 
energy  of  these  molecules  and  modes  of  vibration.  Hence  it  does  not 
surprise  us  to  learn  experimentally  that  photochemical  reactions  actually 
have  in  general  a  small  temperature  coefficient  compared  with  thermal 
reactions.  We  conclude  that  the  ability  of  the  molecules  of  a  substance 
to  take  up  radiant  energy  is  on  the  average  but  slightly  affected  by  rise  in 
temperature. 

As  far  as  the  author  knows,  this  is  the  first  theoretical  treatment  of  the 
temperature  coefficient  of  photochemical  reactions. 

6.  Di-  and  Poly-molecular  Reactions. — Our  considerations  up  to  this 
point  have  concerned  themselves  strictly  with  the  monomolecular  reac- 
tions of  dilute  gases,  although  the  extension  to  more  complicated  reac- 
tions and  even  to  non-gaseous  systems  will  in  many  cases  be  obvious. 

The  case  of  polymolecular  reactions  in  dilute  gases  is  somewhat 
different  from  that  of  monomolecular  reactions.  We  may  distinguish 
two  steps  in  the  process;  first,  the  actual  interaction  of  the  molecules, 
which  will  at  least  in  many  reactions  occur  only  between  specially  "acti- 
vated" molecules  containing  more  than  the  average  amount  of  internal 
energy,  and  second,  the  continuous  re-establishment  of  the  statistical 
state  of  maximum  probability  for  the  remaining  molecules  as  those  of 
high  internal  energy  are  removed  by  the  progress  of  the  reaction. 

In  the  case  of  dilute  enough  gases,  since  the  number  of  molecular  colli- 
sions can  be  made  as  small  as  desired  by  increasing  dilution,  it  is  evident 
that  the  maintenance  of  statistical  equlibrium  for  the  molecules  of  the 
reactants  will  be  mainly  the  business  of  the  bath  of  radiant  energy  in 
which  they  are  immersed.  The  interaction  between  molecules  which 
come  into  contact  may  conceivably  take  place  either  with  or  without  the 
intervention  of  radiant  energy. 

Consider  our  expression  for  the  mechanism  of  a  chemical  reaction, 
aA  +  6B  . . .  — *  cC  +  dD  +  . . .  (1) 

To  make  our  considerations  as  general  as  possible  let  us  assume  that  this 
reaction  may  take  place  with  the  interaction  of  radiant  energy  simul- 
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taneously  from  any  number  of  modes  of  vibration  of  any  frequency. 
Employing  the  same  considerations  that  led  to  Equation  34,  it  will  be 
found  that  we  may  write  for  the  rate  of  reaction 

^§£  =  2{%K-  ...  XCA.-^dr,  X  CAaA«-^rda,  ... 

X  CbOb*-***2"  d*»  X  CbOb «-^*r  dct . . .  X  . . .         (45) 

X  i^dw-'Wd,.  X  ^dW^da,. . . }. 

Ca»  C*B,  etc.,  are  the  instantaneous  concentrations  of  the  reacting  sub- 
stances. The  product  of  the  factors  of  the  type  CAaA€~*/*rd<r  is  continued 
a  times  where  a  is  the  number  of  molecules  of  kind  A  that  enter  into  the 
reaction;  similarly  there  are  b  factors  for  molecules  of  Type  B,  etc    There 

are  as  many  factors  of  the  type  --r-  da^TBp/kTdffw  as  are  necessary  to  take 

Cr 

care  of  the  fact  that  quantities  of  radiant  energy  of  more  than  one  fre- 
quency might  be  drawn  simultaneously  into  the  reaction,  s^uwm  •  •  • 
is  the  chance  per  unit  time  that  the  indicated  chemical  change  will  occur 
when  there  is  one  molecule  of  the  Type  A  in  region  d<rif  one  of  Type  A  in 
region  day,  etc.,  similar  considerations  applying  to  molecules  of  Type  B, 
etc.,  and  to  the  modes  of  vibration  of  different  frequencies.  The  summa- 
tion is  to  be  considered  as  taken  for  all  possible  regions  ijklmn  . . .,  for 
which  Syumm  -  •  •  has  an  appreciable  value.  Cases  in  which  no 
radiant  energy  enters  into  the  reaction  will,  of  course,  be  included  if  they 
exist.  Their  existence  is  improbable  in  the  case  of  monomolecular  reac- 
tions. In  the  case  of  many  polymolecular  reactions  the  interaction  of 
radiant  energy  may  be  entirely  unnecessary  for  the  actual  chemical 
change,  although  the  interplay  of  radiant  energy  is  necessary  as  we  have 
already  shown  for  the  maintenance  of  the  statistical  state  of  maximum 
probability. 
Equation  45  may  be  rewritten  in  the  integral  form 


itoT'*"  d,B)»  . .  .(*?  d*M-W  da,)"    (46) 


C%CbB       AT 


where  the  meaning  of  the  symbolism  is  evident.  It  should  be  noticed 
that  our  earlier  Equation  35  for  specific  reaction  rate  is  merely  a  special 
example  of  Equation  46  for  the  particular  case  of  a  monomolecular  reac- 
tion taking  place  with  the  inter-action  of  radiant  energy  from  a  single 
mode  of  vibration. 

By  differentiating  Equation  46  with  respect  to  the  temperature,  we  may 
obtain  in  the  same  way  that  we  derived  Equation  39,  a  general  expression 
for  the  temperature  coefficient  of  specific  reaction  rate, 
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(47) 


dlnki   _  ^activated -^average  _     &< 


AT  RT*  RT* 

where  ^activated  is  the  actual  energy  of  the  molecules  and  modes  of 
vibration  which  enter  into  the  reaction  of  a  mols  of  A  with  &  mols  of  B, 
etc.,  and  leverage  is  the  average  energy  of  these  elements. 

We  have  thus  obtained  equations  for  thermal  reaction  rate  and  for  the 
temperature  coefficient  of  thermal  reaction  rate  entirely  analogous  to 
those  for  monomolecular  reactions. 

As  to  the  photochemical  reaction  rate  f or  a  polymolecular  reaction,  we 
cannot  make  such  definite  statements  as  in  the  case  of  monomolecular 
reactions.  Since  we  have  come  to  the  conclusion  that  the  state  of  maximum 
statistical  probability  is  maintained  by  the  interaction  of  radiant  energy, 
we  are  of  course  forced  to  the  conclusion  that  all  reactions  are  photo- 
chemical. If  we  illuminate  a  reacting  gas  with  radiation  other  than  that 
corresponding  to  the  temperature  of  the  enclosure,  there  will  certainly  be 
some  frequencies  which  will  increase  the  proportion  of  "activated"  mole- 
cules over  the  normal  and  hence  increase  the  reaction  rate.  More  specifie 
statements  on  this  point,  however,  do  not  now  seem  possible. 

7.  Conditions  at  Equilibrium. — If  we  consider  again  our  expression 
for  the  mechanism  of  a  chemical  change, 

aA  +  KB  +  . . .  -  cC  +  dD  +  . . .  (1) 

we  may  write  in  accordance  with  Equation  40,  for  the  temperature  coef- 
ficient of  the  specific  reaction  rate  in  the  forward  direction 

d  Ift  k\   __  Ei  activated — &1  average  /    g\ 

AT  RT* 

and  for  the  temperature  coefficient  of  the  specific  reaction  rate  in  the 
reverse  reaction 

_!_?   =3  ~2  activated        fjj  average  /      \ 

AT  RT* 

Ei  activated  is  the  energy  that  enters  into  the  reaction  when  a  mols  of  A 
combine  with  b  mols  of  B,  etc.,  and  £s  activated  is  the  energy  that  enters 
into  the  reaction  when  c  mols  of  C  combine  with  d  mols  of  D,  etc.  Now 
it  is  evident  that  when  the  concentrations  are  such  that  equilibrium  is 
maintained,  a  mols  of  A  will  combine  with  b  mols  of  B,  etc.,  in  exactly 
the  same  time  interval  that  it  takes  for  c  mols  of  C  to  combine  with  d 
mols  of  D,  etc.,  to  reform  A,  B,  etc.  Since  there  will  be  no  transfer  of 
energy  to  or  from  the  system  at  equilibrium,  it  is  then  evident  that  the 
following  equation  must  be  true, 

£l  activated  =  ^2  activated-  (5°) 

It  is  also  to  be  noted  that  at  equilibrium  we  may  write 

K  -  ki/kt  (50 
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where  K  is  the  equilibrium  constant.  Combining  Equations  48,  49,  50 
and  51,  we  obtain 

dlnki  _  dlnk2  _  din  K  =  Et„mst—EltimLgt 
dT  dT  dT  RP 

It  is  evident,  however,  that  we  may  write 

AE  =  E%  average  —  E\  average 

where  AE  is  the  internal  energy  change  accompanying  the  reaction.  We 
obtain 

dlnK  _  A£  (    . 

and  have  thus  deduced  the  well  known  van't  Hoff  equation  from  the 
principles  of  statistical  mechanics.  This  is  an  important  test  of  the  cor- 
rectness of  our  development. 

V.  Further  Developments. 

The  foregoing  development  has  been  valuable  in  providing  a  derivation 
of  the  Arrhenius  equation  for  the  temperature  coefficient  of  reaction  rate, 
in  providing  information  as  to  the  relationtoetween  thermal  reaction  rate  and 
photochemical  reaction  rate,  in  providing  an  expression  for  the  tempera- 
ture coefficient  of  photochemical  reactions  and  generally  in  leading  to 
more  specific  ideas  as  to  the  mechanism  of  chemical  reactions.  The  work, 
however,  has  provided  no  method  of  predicting  the  actual  magnitude  of 
any  individual  reaction  rate,  and  this  must  be  regarded  as  the  most  im- 
portant task  which  chemical  kinetics  must  yet  "solve. 

Some  progress  towards  the  solution  of  the  problem  is  possible  in  the 
case  of  polymolecular  reactions.  Let  us  consider  for  example,  the  di- 
molecular  reaction 

A  +  B  — >  Products.  (54) 

Let  us  now  assume  that  radiant  energy,  although  necessary  for  the  main- 
tenance of  the  statistical  state  of  maximum  probability,  does  not  enter 
into  the  actual  chemical  change  involved  in  the  reaction.  Then,  in  ac- 
cordance with  our  general  Equation  46,  we  can  write  for  the  specific  re- 
action rate  of  the  above  chemical  change 

ki  -  <ff  soAe-B*/kTaB*-B*/kTd<,AdcB.  (55) 

If  now  we  had  sufficient  knowledge  of  the  quantities  involved  in  Equa- 
tion 55,  it  is  evident  that  we  could  predict  the  reaction  rate.  The  de- 
pendent and  independent  variables  in  Equation  55  are  functionally  re- 
lated, as  follows: 

s  =  5(<rA,<rB) 

<*A   =■   aA(^) 

EA  =  Ea(*a) 
aB  =  aB(p 
EB  =  EB(<rg) 
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As  to  5,  it  is  obvious  that  s  is  zero  when  aA  and  <rB  have  such  values  that 
the  molecules  involved  are  far  apart.  We  might  further  assume  that  s 
has  the  value  unity  (i.  e.,  reaction  is  sure  to  occur)  when  the  values  of  <rA 
and  <rB  are  such  that  the  molecules  have  certain  minimum  energy  contents 
and  such  that  they  have  come  into  contact  in  the  sense  of  the  kinetic 
theory.  Hypotheses  of  this  type  have  led  to  useful  considerations  in 
the  hands  of  Trautz  and  W.  C.  M.  Lewis.1  Any  really  satisfying  solu- 
tion of  the  problem,  however,  would  necessitate  much  more  information 
than  we  now  have  as  to  the  nature  of  the  functional  relationships  of  the 
type 

EA  =  EA(<rA) 
connecting  the  energy  of  a  molecule  with  its  coordinates  and  momenta. 
Such  information  will  become  available  as  our  knowledge  of  atomic  struc- 
ture increases,  and  this  is  a  field  where  great  advances  may  be  expected 
in  the  near  future.  As  to  the  functional  relationships  of  the  type 
aA  =  aA(T),  thes*  can  be  obtained  with  the  help  of  Equation  25  as  soon 
as  the  nature  of  the  relationships  EA  =  EA(<rA)  is  known. 

In  conclusion,  although  the  considerations  of  this  paper  have  dealt 
solely  with  reactions  in  dilute  gases,  the  general  nature  of  their  extension 
to  fconcentrated  gases,  non-gaseous  systems,  and  even  non-homogeneous 
systems,  will  be  evident  even  if  exact  mathematical  treatments  are  not 
now  possible. 

Washinoton,  D.  C. 


[Contribution  prom  the  Department  op  Chemistry  op  Amherst  Cou^gb] 

THE  STANDARDIZATION  OF  WEIGHTS. 

By  A.  J.  Hopkins,  J.  B.  Zinn  and  Harriet  Rogers. 

Received  September  13,  1920. 

In  order  that  the  student  beginning  quantitative  analysis  should  ac- 
quire, at  the  very  first,  a  thorough  manipulative  knowledge  of  the  bal- 
ance, it  has  been  our  custom  to  provide,  as  a  first  exercise,  the  standard- 
ization of  his  box  of  weights.  This  has  proved  in  the  past  an  excellent 
method  of  accomplishing  the  result  indicated  and  in  addition  he  has  ob- 
tained a  knowledge  of  the  relative  values  of  his  weights. 

During  the  progress  of  such  a  standardization,  from  the  fractional 
denominations  to  the  50  g.  weight,  any  error,  however  slight,  is  multi- 
plied until  at  the  end  a  not  inconsiderable  but  factitious  correction  is  ac- 
cumulated. Richards,  in  his  excellent  and  well  known  contribution,8 
has  given  us  a  method  of  redistributing  this  error  according  to  the  rela- 
tive values  of  the  weights.  This  method  of  calculation  is  now  in  general 
use. 

1  Loc.  cit. 

*  This  Journal,  22,  144  (1900). 
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The  present  paper  suggests  a  slight  modification  now  being  followed  by- 
students  in  the  Amherst  College  laboratory,  consisting  of  the  introduction 
of  checks  at  fixed  intervals  in  the  progress  of  the  work. 

Three  considerations  have  influenced  the  authors  to  this  result.  In 
the  first  place,  a  system  of  checks  by  converting  the  long  process  into  a 
series  of  short  exercises,  makes  it  possible  to  use  single  hours — an  ad- 
vantage when  the  student's  time  is  not  so  continuous  as  one  could  wish. 

The  second  consideration  is  the  fact  that  the  method  of  redistribution 
overlooks  the  possibility  of  compensation  of  errors  occurring  more  often 
in  the  extended  process,  so  that  a  10  g.  weight  (e.  g.,)  upon  which  there 
should  be  no  correction  might  be  assigned  by  the  redistribution  a  posi- 
tive or  negative  "correction"  to  which  it  is  not  entitled. 

The  last  point  is  a  pedagogic  one,  namely  that  the  division  of  the  long 
process  into  separate  exercises  results  in  a  simplification,  so  that  this 
method  has  been  found  in  the  past  few  years  much  easier  for  the  student 
to  understand  than  any  of  the  older  methods. 

In  this  modification,  the  essential  thing  is  the  use  of  a  small  box  of  auxil- 
iary weights,  standardized  by  the  Bureau  of  Standards,  and  used  only 
for  checking.  Our  box  of  standards,  marked  "S,"  contains  5  weights — 
100  mg.,  1  g.,  5  g.,  50  g.  and  500  g. — of  which  only  the  first  4  are  called 
into  use  in  standardizing  the  ordinary  box  of  weights.  The  class,  after 
2,  or  at  most  3,  weeks  has  completed  its  use  of  the  little  box  of  standards 
and  shortly  after  this  these  5  weights  are  sent  to  Washington  for  restand- 
ardization.    The  charges  for  this  are  very  small. 

By  consulting  the  accompanying  chart,  which  gives  the  series  of 
weighings  from  100  mg.  to  1  g.f  it  will  be  seen  that  each  group  of  weigh- 
ings (Col.  I)  corresponds  to  the  tare  maintained  upon  the  right-hand 
balance  pan  during'  the  weighings  of  that  group.  In  Col.  II  are 
found  the  weights  used  successively  on  the  left-hand  balance  pan.  Differ- 
ences found  between  weights  in  the  same  group  are  expressed  in  milli- 
grams (by  dividing  the  differences  in  "centers" — Col.  IV — by  the 
sensitivity)  as  given  in  Col.  V;  and  from  these  the  true  values  of  the 
weights  are  found  by  algebraic  addition,  as  given  in  Col.  VI. 

The  work  begins  by  placing  a  100  mg.  tare  on  the  right-hand  pan  and 
the  100  mg.  Bureau  of  Standards  weight  on  the  left-hand  pan  and  finding 
the  center  of  oscillation.  Since  the  value  of  this  weight  (marked  "S") 
is  known,  the  center  thus  found  is  used  as  the  unit  for  comparison  in  the 
next  3  weighings,  (6),  (c)  and  (d).  A  200  mg.  weight,  as  tare,  is  then 
placed  on  the  right-hand  pan  and  Group  II  is  carried  through  in  the  same 
way.  At  the  end  of  Group  IV,  a  second  standard  weight  is  reached — 
the  one  g.  weight  of  the  Bureau,  and  here  it  is  desirable  to  break  the  progress 
of  the  successive  weighings  long  enough  to  check  the  final  weighing, 
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which  contains  all  accumulated  errors,  against  the  new  standard  weight 
In  the  illustration,  this  amounts  to  +0.79  mg. 

Chart  I. 
Name  B Balance  No.  I S  «  2.1 

I.  11.  m.         iv.         v.  vi.  vn. 

Coir. 
Group.  Denominations.  Centers.       DilPs.         Mg.  Values.  valacs. 

1.      (a)  100  mg.  (S) 4-i.  15 100,10  100,10 

(6)100' +105  4-0.10    — 0.05  100,05  99.96 

(c)  100' +i'.oi  —0.14    —0.07  100,03  99,94 

(<*)  50  4-  20  4-  10'  4-  io'4- 

R 4-i -05  — 0.10    — 0.05  100,05  99,96 

II.  (a)  100  (S)  4- 100' — 0.25     200,15  200,06 

(6)200 — 0.02  4-0.23     4-0. 11  200,26  200,08 

III.      (a)  200  4-  100'  4-  ioo'  4- 

ioo(S) —0.67     500,44  5<x>,09 

(6)500 — 0.73    — 0.06    — 0.03        500,41  500,01 

IV.    (a)  III  (a)  4- HI  (6) 4-0.70     1.000,85  1.000,06 

(ft)  1  g.  (S) 4-0.45     —0.25     —0.12     1.000,73  999,94 

Check:  True  value,  1  g.  (S)  «=  0.999,94  999,94 
Error  =  4-0,79 

On  passing  on  to  that  portion  of  the  standardization  which  runs  from 
one  g.  to  5  g.,  as  given  on  the  succeeding  Chart  II  (furnished  to  the  stu- 
dent, but  not  shown  here)  this  error  is  automatically  discarded,  for  here 
the  work  begins  by  making  the  "center"  found  for  the  standard  one  g. 
the  new  unit  of  reference  for  all  weighings  of  Chart  II.  The  weighings 
of  this  chart  may  be  checked  in  the  same  way  at  the  end,  against  the 
third  standard  weight  which  is  the  5  g.  weight,  of  the  Bureau.  Chart 
III,  which  completes  the  work  up  to  50  g.,  is  covered  in  a  similar  manner. 

Returning  now  to  Chart  I,  it  will  be  evident  that  it  would  be  possible 
to  distribute  the  total  error  by  subtracting  from  the  value  given  in  Column 
VI  aliquots  of  the  total  positive  error,  or  by  adding,  in  case  the  error  is 
negative.  The  correction  for  each  100  mg.  will  be  V»  °f  ^e  total  error 
(i.  e.t  0.088  mg.  in  the  illustration)  rather  than  l/io,  since  the  standard 
100  mg.  weight  does  not  share  in  this  distribution.  The  result  of  this 
process  is  exhibited  in  Column  VII. 

The  illustration  chosen  shows  a  portion  of  the  work  of  a  student  finding 
a  rather  large  final  error.  This  has  been  selected  in  order  that  the  process 
of  redistribution  as  shown  in  Column  VII  may  be  made  clearer.  By 
careful  checking  the  final  error  should  be  less  than  o.  1  mg. 

Charts  II  and  III  have  not  been  presented  in  this  paper,  since  they  are 
arranged  in  the  same  way  as  Chart  I.  The  sequence  of  weighings  and 
the  method  of  checking  is  essentially  the  same. 

It  may  be  unnecessary  to  add  that  there  is  no  advantage  claimed 
for  the  use  of  standards,  as  absolute.  It  will  be  apparent,  however, 
that  in  a  system  of  checks  it  is   necessary  to  use  standards.    The 
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theoretical  objective  is,  of  course,  solely  to  have  the  weights  accurately 
compared  inter  se.  But  there  is  also  the  desideratum,  when  the  exercise 
is  given  to  students  who  are  using  the  balance  for  the  first  time,  that  the 
method  should  appeal  to  them  as  simple  and  easy  to  grasp. 

Ammskst,  Mass. 


[Contribution  from  thb  Chbmical  Laboratory  op  thb  University  or  North 

Carolina.  )  •' 

HYDROLYSIS  OF  ZIRCONYL  CHLORIDE  AND  SULFATE  AT 
ZERO  AND  TWENTY  DEGREES. 

By  F.  P.  Vbnabw  and  D.  H.  Jackson. 

Received  September  17,  1920. 

The  hydrolysis  of  zirconyl  chloride  has  been  measured  at  room  and 
higher  temperatures  by  Ruer1  and  a  partial  table  given  by  Ruer  and  Levin1 
for  zirconyl  sulfate  at  room  temperature.  It  was  thought  desirable  to 
repeat  these  for  varying  dilutions  and  to  determine  both  the  progress 
and  extent  of  hydrolysis.  To  throw  further  light,  if  possible,  upon  the 
reaction,  experiments  were  carried  out  with  a  precipitant,  iodic  acid,  which 
forms  a  practically  insoluble  compound  with  a  portion  of  the  combined 
zirconyl  radical  and  carries  down  with  it  the  fully  hydrolyzed  zirconyl 
hydroxide.    At  least  this  is  one  explanation  of  its  action. 

The  2  stable  salts,  zirconyl  chloride  and  zirconium  sulfate,  were  chosen 
for  the  purposes  of  the  investigation.  The  latter  is  readily  hydrolyzed  to 
the  zirconyl  sulfate  on  the  addition  of  water.  These  salts  were  freshly 
prepared  and  their  purity  carefully  tested.  The  hydrolysis  depends  upon 
3  factors — concentration,  temperature,  and  time.  In  these  experiments 
the  temperature  was  held  constant  and  separate  series  were  carried  out 
for  each  degree  of  dilution. 

The  apparatus  used  in  making  the  conductivity  measurements  con- 
sisted of  a  modification  of  the  Arrhenius  conductivity  cell,  a  Wheatstone 
bridge,  and  a  small  induction  coil  with  telephone  receiver.  The  measure- 
ments were  made  with  0.2,  0.1  and  0.01  M  solutions  for  the  sulfate 
and  chloride.  Readings  were  taken  at  5-minute  intervals  when  the 
hydrolysis  was  fairly  rapid,  and  at  increasing  intervals  as  it  slowed  down. 
Tlie  first  reading  was  taken  immediately  after  solution.  At  the  expira- 
tion of  3  or  4  hours  the  changes  were  so  slight  that  the  readings  were 
stopped,  since  it  was  difficult  to  maintain  the  constant  temperature  for 
many  hours  or  days.  The  relative  conductivity  is  given  in  reciprocal 
ohms. 

It  will  be  noticed  that  at  both  o°  and  20  °,  and  especially  at  the  higher 
concentration,  there  is  a  brief  period  of  temperature  adjustment.    This 
1  Ruer,  Z.  anorg.  Chem.,  43,  282  (1905). 
•  Ruer  and  Levin,  ibid.,  46,  449  (1905). 
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is  more  pronounced  at  o°  and  is  doubtless  due  to  the  heat  of  solution. 
After  expiration  of  3  to  4  hours  the  change  in  conductivity  is  so  slow  as  to 
amount  almost  to  an  equilibrium  in  the  reaction.  This  may  be  due  to 
the  reversing  influence  of  the  liberated  acid  or  to  the  formation  of  some 
definite  product  of  hydrolysis  which  is  more  resistant  to  the  action  of 
water.  These  results  corroborate  those  of  Ruer,  who  found  that  further 
notable  increase  in  hydrolysis  was  brought  about  only  after  many  hours 
or  on  heating  to  boiling.  On  standing  for  some  time  after  boiling  the  re- 
sistance increased  to  a  slight  extent,  showing  a  reversal  of  the  reaction  or 
partial  removal  of  the  free  acid. 

Tablb  I.— Experiments  with  ZrOCl*. 


Time  elapsed 
in  minutes. 
First 
reading. 

0°. 

35.50  g. 

in  1. 

0.1 1307 

0°.                        0°.                       20°. 

17.75  g.               1.775  g.             35.50  g. 

in  I.                    in  1.                  in  1. 

O.05194          O.OIOI4         O.16700 

20°. 

17.75  g. 

in  I. 

O.IO799 

20°. 

1.775  g. 

in  1. 

O.OI2I5 

5 

O.08877 

O .04929          O 

.OIO08          O.16072 

O .  I IO55 

O.OI2I3 

10 

O.08500 

O.0492O         O 

.OIOO9          O.15957 

0.1 1292 

O.OI2I8 

15 

O.08383 

O.05OIO          0 

.OIOI4          O.15905 

O.I 1545 

O.OI227 

25 

O.08356 

O.05153          O 

.OIO27          O.16191 

0.1 1672 

O.OI24I 

35 

O.08469 

O.05250         O 

.OIO41          O.16500 

O.I2220 

O.OI252 

45 

O.08500 

O.O5331          O 

.OIO55          O.16734 

O.I2472 

O.OI264 

55 

O.08560 

O.05413          O 

.OIO66          O.17129 

O.I2806 

O.OI285 

75 

O.08681 

O.05451          O 

.OIO80          O.17261 

O.I3057 

O.OI299 

95 

O.08763 

O.05619          O 

.OIO9O          O.I7360 

O.I325 I 

O.OI3II 

"5 

O.09053 

O.05641          O 

.OIO96          O.17492 

O.I3392 

O.OI32I 

145 

O.09245 

O  057 19          O 

.OIIO3          O.17558 

O.I3586 

O.OI328 

175 

O.09282 

O.05729          O 

.OIIO4          O.17558 

O . I367O 

O.OI333 

205 

O.09436 

Tabxb  II. 

O.I3670 

t,  ZrOSOi. 

O.OI333 

— Hydrolysis 

OF  ZlRCONYL  SULFATl 

Time  elapsed 
in  minutes. 
First 
reading.   . 

0°. 

ZrOSO«-20.26 

in 

1000  cc. 

O.IO067 

0°. 
ZrOSO4-2.026 
in 
1000  cc. 

O.O1275 

20°.                          20°. 
Z1OSO4  -  40.52      ZrOSO«-  20.26 
in                             in 
1000  cc.                    1000  cc. 

O.24800                 O.13178      * 

20°. 

ZrOSO«-2.026 

in 

1000  cc. 

O.OI389 

5 

O.IOOOO 

O.O1263 

O.2455O 

O 

.13108 

O.OI385 

10 

O.IOOOO 

O.OI272 

O.24550 

O 

.13190 

O.OI385 

15 

0.10044 

O.OI313 

O.2470O 

O 

.13322 

O.OI389 

25 

0.10209 

O.OI328 

O.24875 

O 

.13553 

O.OI408 

35 

0.10297 

O.OI353 

O.25167 

O 

.13678 

O.OI43O 

45 

0.10418 

O.O1376 

O.25500 

O 

.13822 

O  OI449 

55 

0.10528 

O.OI397 

0.25750 

O 

. 13982 

O.OI469 

75 

0.10682 

O. OI 401 

O.26167 

O 

14107 

O.OI481 

95 

0.10803 

O.O1408 

O.26582 

O 

14196 

O.OI495 

"5 

0.10880 

O.OI414 

O.26822 

O 

.14232 

O.OI507 

145 

0.10935 

O.OI421 

O.27166 

O 

.14286 

O.OI5II 

175 

O.IIOII 

O.OI423 

O.27332 

O 

.14335 

O.OI514 

205 

O.IIOII 

O.OI425 

O.27332 

O 

14335 

O.OI514 

Zirconium  sulfate,  Zr(S04)j,  was  used  for  the  next  series  of  experiments, 
It  has  been  shown  that  on  the  addition  of  water  this  immediately  hydro- 
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lyzes,  forming  a  crystalline  substance.  The  reaction  is  Zr(S04>2 + 4H1O — *• 
ZrOSO4.H2SO4.3H2O.  This  appears  in  the  older  literature  as  Zr(S04)t.- 
4.H2O.  As  the  sulfate  is  less  soluble  than  the  chloride,  it  was  found  im- 
possible to  make  a  0.2  M  solution  at  o°.  In  this  series  the  tempera- 
ture adjustment  is  noticed  again  but  is  slighter.  The  equilibrium  is 
reached  after  the  same  lapse  of  time. 

Precipitation  with  Iodic  Acid. 
These  experiments  were  carried  out  with  zirconyl  chloride  only.  Solu- 
tions of  known  strength  were  prepared  and  25-cc.  portions  were  with- 
drawn at  definite  time  intervals.  In  these  the  iodic  acid  solution  was 
added  from  a  buret  until  a  drop  gave  no  further  precipitate.  This  does 
not  give  the  end-point  with  great  accuracy,  but  sufficient  to  mark 
the  change  of  ratio  of  the  iodic  acid  to  the  zirconyl  radical  present.  The 
results  obtained  give  an  indication  of  the  extent  of  the  hydrolysis. 

Table  III. — Precipitation  with  Iodic  Acid. 


Time    0°.  ZrO- 0.5330. 

elapsed    - * * 

in  mmutes.    IOs.      ZrO/IOt. 

0°.  ZrO- 
IOi. 

•0.2665.  C 
ZrO/IOa. 

1°.  ZrO-0.02665.  2 

K>°.  ZrO- 
IOs. 

•0.5330.  20°.  ZrO« 
ZrO/IOs.     IOi.    4 

-0.2665. 

Id. 

ZrO/IO». 

frO/IOi 

]  st  measure  \  .  242 

O.421 

0.752 

0.353 

O.I92 

O.I34 

O.875 

O.609 

0.542 

0.492 

IO 

1. 189 

O.448 

O.664 

O.400 

O.I75 

O.152 

O.664 

O.803 

O.472 

O.564 

20 

I  .IOI 

O.483 

0.577 

O.462 

O.158 

O.169 

O.612 

O.871 

0.437 

O.609 

30 

I.066 

O.500 

O.560 

O.476 

O.140 

O.190 

0.577 

O.923 

O.402 

O.663 

50 

I  .031 

0.5I7 

0.542 

O.492 

O.123 

O.216 

0.551 

O.966 

O.367 

O.726 

70 

O.997 

0.534 

0.533 

O.500 

O.II4 

O.233 

O.525 

I  .Oil 

0.350 

0.757 

90 

0.979 

0.544 

0.525 

O.511 

O.IO5 

O.253 

O.508 

I.O49 

0.341 

0.775 

I20 

O.962 

0.554 

O.507 

0.525 

O.IO5 

O.253 

O.491 

1. 081 

0.338 

O.788 

I50 

O.962 

0-554 

O.498 

0.535 



O.483 

I  .106 



It  is  noteworthy  that  there  is  here  also  indication  of  the  initial  effect 
of  temperature  adjustment  and  that  there  is  a  decrease  in  the  amount  of 
iodic  acid  necessary  for  precipitation  until  at  the  expiration  of  about  3 
hours  the  change  becomes  very  slight.  The  iodic  acid  forms  a  compound 
with  the  zirconyl  radical,  liberating  the  hydrochloric  acid.  This  com- 
pound is  practically  insoluble  in  water  or  weak  mineral  acids.  When 
precipitated  this  carries  with  it  such  of  the  colloidal  zirconyl  hydroxide 
as  may  have  been  formed  by  hydrolysis.  It  has  been  shown  by  Venable 
and  Smithey1  that  when  this  precipitate  is  treated  with  hot  or  cold  water 
much  of  the  iodic  acid  may  be  washed  out.  It  is  interesting  to  note  that 
after  the  lapse  of  2  or  3  hours  a  practical  equilibrium  or  period  of  slow 
change  is  reached  in  all  3  dilutions.  When  the  rate  of  change  per 
minute  is  examined  it  will  be  found  that  there  are  fluctuations.  Some- 
times these  show  a  reversal  from  increase  to  decrease,  and  again  the  op- 
posite is  indicated.    This  is  true  both  of  the  resistance  and  extent  changes. 

In  examining  Table  V  the  recurrence  of  certain  ratios  will  be  observed, 
1  Venable  and  Smithey,  This  Journal,  4*>  1722  (1919)- 
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for  instance,  the  end-points  in  the  first  2-ratio  columns  and  the  ratios 
between  0.450  and  0.480.  Some  light  is  thrown  on  these  by  the  experi- 
ments of  Venable  and  Smithey.  The  ratio  0.456  would  correspond  to  a 
hydrolyzed  product  ZrO(OH)s.2ZrO(I08)s,  or  to  a  zirconyl  iodate  in  which 
Vs  of  the  molecules  had  undergone  hydrolysis.  Such  a  product  was  ob- 
tained by  these  investigators  when  the  precipitation  was  made  in  cold, 
concentrated  solutions  and  the  precipitate  was  freed  from  the  filtrate  by 
suction  without  washing.  The  ratio  0.533  corresponds  to  a  product 
3ZrO(OH)2.4ZrO(IOs)s,  in  which  3  out  of  7  molecules  had  been  hydrolyzed. 
This  was  obtained  when  the  precipitate  was  formed  from  dilute  solutions 
and  washed  with  a  limited  amount  of  water  at  room  temperature.  The 
ratio  0.914  corresponds  in  the  same  way  to  2ZrO(OH)2.ZrO(IOs)2,  in  which 
2  out  of  3  molecules  have  been  hydrolyzed.  Here  the  precipitate  was 
washed  with  hot  water  in  increased  amount.  A  ratio  1 .218,  correspond- 
ing to  3ZrO(OH)a.2ZrO(I08)2,  where  3  out  of  4  molecules  had  been  hydro- 
lyzed, was  obtained  after  prolonged  washing  with  hot  water. 

Summary. 

1.  The  hydrolysis  of  zirconyl  sulfate  and  chloride  has  been  examined 
both  by  relative  conductivity  and  by  a  precipitation  method.  The  tem- 
peratures were  o°  and  20  °,  respectively.  Three  different  dilutions  were 
used  and  the  effect  of  the  time  factor  noted. 

2.  There  appears  to  be  an  initial  temperature  adjustment  on  dissolving 
the  salts.  Afterwards  there  is  a  decrease  in  the  resistance  until  after 
about  3  hours  an  equilibrium  or  period  of  very  slow  change  is  reached. 

3.  In  the  experiments  with  iodic  acid  there  is  also  indication  of  an  initial 
adjustment.  The  extent  of  the  hydrolysis  is  indicated.  The  equilibrium 
or  period  of  slow  change  is  reached  in  2  to  3  hours. 
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Most  of  the  papers  on  molecular  attraction  make  use  of  one  of  the 
equations  of  state  in  order  to  calculate  the  internal  pressure  of  pure  sub- 
stances in  the  liquid  state.  It  is  evident  that  such  equations  give  a  very 
uncertain  basis  for  the  determination  of  results  which  represent  more 

1  Published  in  abstract  in  Proc.  Nat.  Acad.  Sci.,  5,  569-73  (1919).  For  similar 
work  with  water  and  organic  liquids  see  Hardy,  Proc.  Roy.  Soc.  London  (A)  88,  303-33 
(191 3);  Harkins,  Brown  and  Davies,  Thi9  Journal,  39,  354-64  (191 7);  and  Harkins, 
Clark,  and  Roberts,  ibid.,  42,  700-12  (1920). 
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than  an  approximation.  Moreover,  they  give  no  indication  at  all 
of  the  magnitude  of  the  attraction  between  2  liquids  made  up  of  mole- 
cules which  are  unlike.  In  studying  the  attraction  between  2  dissimilar 
liquids  use  will  be  made  of  equations  which  are  not  only  applicable  to 
such  a  case  but  are  also  entirely  accurate,  since  they  are  based  upon 
thermodynamics  alone.    The  first  of  these  is  the  equation  of  Dupr£, 

WA  =  — A7  =71+7*  —  7i»2 

where  71  and  72  represent  the  free  surface  energies  per  square  centimeter 
of  the  2  liquids,  71,2,  the  free  surface  energy  of  their  interface,  and  — A  7 
is  the  decrease  of  free  energy  when  the  surfaces  of  the  two  liquids  come 
together  to  form  an  interface.  The  work  done  is  represented  by  WA 
which  represents  the  amount  of  work  done  by  the  molecular  attraction 
between  the  2  surfaces.  An  equation  which  is  more  closely  related  to 
the  molecular  attraction  is  that  derived  in  an  earlier  paper  from  this 
laboratory, 

EA  =  -A£,  «  (71  +  h)  +  (72  +  «  —  (71,2  +  W, 

where  I  represents  the  latent  heat  of  a  surface,  Es  the  total  surface  energy, 
and  — A£,  the  total  decrease  in  surface  energy  per  square  centimeter 
when  the  two  surfaces  come  together.  This  equation  may  be  put  in  the 
form 

EA  =  Esx  +  Est  —  EsSltt  =  y*  Fds 
or  the  integral  of  the  molecular  surface  attraction  is  equal  to  the  change 
in  the  total  surface  energy. 

This  paper  will  present  data  from  which  the  adhesional  work  between 
organic  liquids  and  mercury  may  be  calculated,  and  the  paper  which 
follows  will  deal  with  the  total  adhesional  energy.  Both  papers  will 
give  extensive  data  on  the  surface  and  interfacial  tension  and  energy  rela- 
tions of  mercury. 

Experimental  Procedure. 

The  surface  and  interfacial  tension  measurements  were  made  in  an 
apparatus  somewhat  similar  to  that  used  for  work  on  surface  tension  by 
Morgan,  but  in  the  modified  form  designed  by  Harkins  and  Brown.1 
However,  it  was  found  necessary  to  allow  the  drop  to  hang  from  the 
inside  instead  of  the  outside  edge  of  the  capillary  tip.  The  apparatus 
will  be  described  in  the  second  paper,  but  some  mention  will  be  made 
here  of  the  experimental  difficulties  of  the  work,  which  are  not  incon- 
siderable. 

The  surface  tension  was  in  all  cases  calculated  by  the  use  of  the  cor- 
rection curve  determined  experimentally  by  Harkins  and  Brown.1 

lTms  Journal,  37>  1656-76  (1915). 
»IW<*.,  41,499-524  (1919)- 


Digitized  by 


Google 


253^  WILLIAM  D.   HARKINS  AND  E.   H.  GRAFTON. 

Surface  Tension  of  Mercury  in  Air  at  20  °. 
In  order  to  illustrate  the  character  of  the  results  obtained  by  the  method, 
the  data  obtained  in  air  are  given  in  Table  I.  A  small  constriction  was 
made  in  the  capillary  of  the  tip  such  that  with  from  one  to  1.5  cm.  head 
of  mercury  the  natural  period  of  fall  per  drop  was  30  minutes.  In  order 
to  shorten  this  time  suction  was  applied  for  0.5  minute,  after  which  it 
took  from  40  to  180  seconds  for  the  drop  to  fall.  The  experiments  (B), 
(C),  (D),  were  made  2  months  after  Experiment  A. 

Table  I. — Surface  Tension  of  Mercury  in  Air  at  20 °. 

toiam.  tip  Drop wt-  ff   r   \  Surface  tension 

«n.  G.  J\VXJ-           **■». 

A 0.12524  0.1345  0.7289            4594 

B 0.12524  0.1359  0.7290            464.3 

C 0.1369  0.1475  0.7218            465.8 

D 0.1438  0.1519  0.7157            464.6 

Table  II. — Surface  Tension  of  Mercury  in  Water. 

Corrected  wt.  drop. 

A 0.12524  0.1 179  0.7234  375  4  0.1092 

B 0.12524  0.1176  0.7234  375-6  0.1091 

C 0.14375  0.1317  0.7076  374-5  0.1221 


Average  =  374-8 

It  will  be  noted  that  in  spite  of  the  fact  that  tips  of  different  diameters 
were  used,  and  that  in  both  tables  determinations  were  made  2  months 
apart,  there  is  very  good  agreement  between  the  results. 

Table  III  gives  similar  results  for  other  liquids.  The  ether  which  was 
used  had  been  standing  over  sodium  for  several  months,  was  then  dis- 
tilled off  from  fresh  sodium,  allowed  to  stand  over  mercury,  distilled 
again,  and  stored  over  mercury.  On  long  standing  a  black  residue 
formed,  similar  to  that  formed  when  ordinary  ether  is  placed  over  mer- 
cury. The  ether  was  redistilled  before  using.  A  similar  black  residue 
formed  in  nitro-ethane  on  long  standing  in  contact  with  mercury.  The 
liquids  used  were  carefully  purified. 

Table  III. — Surface  Tension  of  Mercury  in  Different  Liquids  at  20 °. 

Drop  Corrected  Surface 

Diam.  tip.       weight.  drop  wt.      J   r   \         tension 

Density.  cm.  G.  G.  \vHJ'         dynea. 

In  Ethyl  Alcohol. 

A 0.7893      0.12524      0.1120        0.1054      07214      364.6         

B 0.14375      0.1255        0.1 182      0.7049      364.0        364.3 

In  Ethyl  Ether. 
A 0.71 19      0.12524      0.1 165        0.1 104      0.7228      398.3         

In  Octyl  Alcohol. 
A 0.8252       0.12524      0.1083        0.1016      0.7197      351.7         

In  Nitro-ethane. 
A 1.0528      0.14375      0.1338        0.1234      0.7084      378.2         
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Table  III  (continued). 


Density. 

A 1. 185 

A 1.262 

A 1.593 

A 1.485 

A 1.337 

A 1. 175 

A 2.178 


Drop 
Diam.  tip.       weight, 
cm. 


regta 


Corrected 
drop  wt. 


(*> 


A. 
B. 


2.97 


A 2.2786 

B 

C 

A 1-9375 

B 

C 

A 0.8784 

A 0.6630 

A 0.7022 


In  Nitrobenzene. 
0.14375      0.1240        0.1131       0.7005 

In  Carbon  Disulfide. 
0.12524      0.10538      0.09555    0.7178 

In  Carbon  Tetrachloride. 
0.12524      0.1 197        0.1054      0.7249 

In  Chloroform. 
0.12524      0.1 163        0.1034      07233 
In  Methylene  Chloride. 
After  standing  over  mercury  for  4  weeks. 
0.14375      0.1225      0.1 104        0.7035 

In  Ethylidene  Chloride. 
0.12524      0.1063        0.0971      0.7181 

In  Ethylene  Dibromide. 
0.12524      0.1124        0.0934      0.7205 
In  Acetylene  Tetrabromide. 
Before  being  placed  over  mercury. 
0.12524      0.1 192        0.0931      0.7240 
After  standing  over  mercury  for  4  weeks. 
0.14375      0.1229        0.0959      0.7038 
In  Methyl  Iodide  distilled  from  silver  foil. 
0.12524      0.1051        0.0874      0.7176 
After  standing  over  mercury  for  6  weeks. 
0.14375      0.1026        0.0854      0.6933 

Distilled  from  Mercury. 
0.14375      0.1 149        0.0956      0.7000 
In  Ethyl  Iodide  distilled  from  silver  foil. 
0.12524      0.1089        0.0929      0.7192 
After  standing  over  mercury  for  6  weeks. 
0.14375      0.1056        0.0905      0.6950 

Distilled  over  mercury. 
•0.14375      0.1 180        o.ioii       0.7103 

In  Benzene. 
0.12524      0.1092        0.1021       0.7197 

In  Hexane. 
0.12524      0.1 133        0.1077      0.7220 

In  Octane. 
0.12524      0.1092        0.1035      0.7201 


-Is 

350.5       

339.3       

362.2        

356.6      

340.7       

336.8     

326.0        

320.3       

293  3 

304.1 

266.6 

296.4          ..    .. 

321.7          

282.7          

312.9          

3532          

371.53        

3579          

It  will  be  noted  that  when  the  interfacial  tension  of  mercury  was  de- 
termined in  acetylene  tetrabromide,  methyl  iodide,  or  ethyl  iodide,  which 
had  been  standing  for  some  weeks  over  mercury,  the  values  were  in  all 
cases  considerably  lower  than  those  obtained  before  such  a  treatment. 
This  seemed  to  be  due  to  the  fact  that  these  liquids  acted  slowly  on  mer- 
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cury  forming  halides,  which  dissolved  to  some  extent  in  the  organic  liquid 
and  was  adsorbed  by  the  mercury  surface.  Similar  results  were  obtained 
with  fresh  liquids  on  adding  a  mercury  halide. 

The  above  tables  are  summarized  in  Table  IV,  which  gives  in  addition 
the  values  for  the  adhesional  work. 

Tabi,b  IV. — The  Surfacb  Tbnsion  of  Mbrcury  and  its  Intbrfacial  Tbnsion  and 

Adhbsional  Work  in  Difpbrbnt  Organic  Liquids  at  2o°.(a) 

wt.  Hg. 

in  drop.  y  y 

Density.  O.       Tip.        /.  liquid,    interface.      Wa> 

Air O.1359  *  O.7290  4^4-35  

Air 0.1475  2  4658  

Air 0.1519  3  464.6  

Hexane 0.6630  0.1092  1  0.7220  19.24  378.1  121 .71 

Octane 0.7022  0.1092  1  0.7201  21.52  374.6  131 .0 

Nitro-ethane 1.0528  0.1338  3  0.7084  32.52  378.2  139.2 

Ethyl  Alcohol 0.7893  0.1120  1  0.7214  21.7  364.38  142.3 

Ethyl  Alcohol 0.7893  0.1255  3  0.7049  21.7  364.00  142.7 

Carbon  Tetrachloride 1-593  0.1197  1  0.7247  26.95  362.2  149.75 

Chloroform 1 .485  0.1163  1  0.7233  26.51  356.6  154.91 

Benzene 0.8789  0.1092  1  0.7197  28.9  362.8  150.3 

Octyl  Alcohol 0.8252  0.1083  1  0.7196  27.51  351.7  160.8 

Methylene  Chloride 1-337  0.1098  1  0.7199  26.52  340.7  170.82 

Methylene  Chloride 1 .337  0.1225  5  0.7035  26.52  342 .5  168.00 

Ethyli  dene  Chloride ii75  0.1063  1  0.7181  25.71  336.8  173.91 

Nitro  Benzene 1 .185  0.1240  3  0.7005  43.55  350.5  178.05 

Carbon  Disulfide 1.262  0.1054  1  0.7220  34.49  339-3  180.19 

Water 0.9982  0.1179  1  0.7234  72.8  3748  183.00 

Water 0.9982  0.1317  3  0.7076  72.8  375.6  182.20 

Ethyl  Iodide 1-937  0.1089  1  0.7192  31-79  321.7  195.09 

Ethyl  Iodide 1-937  0.1056  3  0.6950  31.79  282.7  234.09 

Ethyl  Iodide 1-937  0.1180  3  0.7013  31.79  312.9  204.89 

Ethylene  Bromide 2.178  0.1124  1  0.7205  37.89  326.00  196.89 

Methyl  Iodide 2.278  0.1051  1  0.7176  30.39  304.1  211.29 

Methyl  Iodide 2.278  0.1026  3  0.6933  30.39  266.6  248.79 

Methyl  Iodide 2.278  0.1149  3  0.7000  30.39  296.4  219.99 

Acetylene  Tetrabromide 2.97  0.1192  1  0.7240  48.21  320.3  212.91 

Acetylene  Tetrabromide 2.97  0.1229  3  0.7038  48.21  293.3  229.91 

(°)  When  several  values  are  given  for  one  liquid,  Table  III  should  be  consulted  for 

an  explanation  of  the  apparent  discrepancy. 

The  above  table  represents  the  preliminary  results  obtained.  A  more 
complete  table  and  a  discussion  of  the  results,  will  be  found  in  the  paper 
which  follows. 

Chic  ago,  Iix. 
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[Contribution  from  the  Kent  Chemical  Laboratory  of  the  University  of 

Chicago.] 

THE  SURFACE  ENERGY  OF  MERCURY  AND  THE  ENERGY 

RELATIONS  AT  THE  INTERFACE  BETWEEN 

MERCURY  AND  OTHER  LIQUIDS.1 

By  William  D.  Harkins  and  Warren  W.  Ewino. 
Received  September  24,  1920. 

Introduction. 

The  measurement  of  interfacial  tension  offers  a  convenient  method  for 
determining  the  energy  relations — free  energy,  latent  heat,  total  energy 
of  surface  formation,  and  work  of  adhesion — between  liquids  insoluble, 
or  slightly  soluble,  in  each  other.  While  considerable  is  known  concern- 
ing these  relations  in  the  case  of  liquids,  but  little  is  known  about  the 
energy  relations  existing  between  solids  and  liquids  at  their  interface. 
Such  knowledge  would  be  of  special  value  in  connection  with  problems 
concerning  lubrication  and  the  flotation  of  ores.  It  is  difficult  to  meas- 
ure either  the  force  or  the  work  of  adhesion  between  a  solid  metal  and  a 
liquid,  but  the  adhesional  work  may  be  determined  from  measurements 
of  surface  tension  provided  the  metal  is  in  the  liquid  state.  Among  the 
metallic  elements  mercury  and  gallium2  have  freezing  points  lower  than 
the  boiling  points  of  ordinary  liquids.  Some  of  the  low  melting  alloys 
also  possess  this  characteristic. 

This  paper  gives  the  energy  relations  obtained  by  measuring  the  sur- 
face tension  of  mercury  at  various  temperatures,  the  interfacial  surface 
tension  between  mercury  and  various  liquids  and  vapors  at  20  °,  and  the 
interfacial  surface  tension  between  mercury  and  4  organic  liquids  at 
different  temperatures  between  o°  and  60  °. 

Surface  Energy  Relations  of  Mercury  in  a  Vacuum. 

Since  the  values  found  in  the  literature8  vary  by  a  hundred  ergs  per 
square  centimeter,  it  was  thought  best  to  make  a  new  determination  of 
the  siirface  tension  of  mercury  in  a  vacuum.  Also  it  is  necessary  to 
know  the  surface  tension  of  mercury  at  several  temperatures  if  the  total 
energy  relations  at  the  interfaces  is  to  be  calculated. 

A  new  form  of  apparatus  was  constructed  for  measuring  the  surface 
tension  of  mercury  in  vacuo.  Fig.  1  represents  the  final  form  of  the 
apparatus  used. 

The  carefully  purified  mercury  was  distilled  from  Flask  A  into  Reser- 
1  A  similar  paper  on  the  energy  relations  at  the  interface  between  water  and  or- 
ganic liquids  will  be  presented  in  This  Journal  by  Harkins  and  Cheng.    For  the  pre- 
liminary work  on  mercury  see  the  preceding  paper  by  Harkins  and  Grafton. 

*  We  hope  to  work  on  the  surface  energy  relations  of  both  liquid  and  solid  gallium 
in  this  laboratory. 

8  Cenac,  Ann.  chim.,  [VIII]  29,  298  (1913). 
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voir  B  after  the  system  had  been  evacuated  by  means  of  a  mercury  con- 
densation pump,  with  the  pump  still  running.  The  spirals  C,  C  permitted 
the  reservoir  to  be  raised  so  that  the  mercury  flowed  over  and  dropped 
from  the  tip  T.  The  height  of  B  was  adjusted  so  that  a  drop  formed  in 
2  minutes.  Determinations  were  made  in  which  the  time  of  formation 
of  the  drop  was  varied  between  one  and  five  minutes  and  it  was  found 
that  the  weight  of  the  drop  is  independent  of  the  time  whenever  the 
period  is  greater  than  1.5  minutes.  When  10  drops  had  fallen  into  D, 
the  tube  was  sealed  off  and  another  10  drops  collected.  The  sealed 
portions  of  the  tube  containing  the  mercury  were  broken  and  the  mer- 
cury weighed  in  a  weighing  bottle.  A  constriction  was  made  in  the 
capillary  tube  at  E  to  control  the  speed  of  drop  formation.     In  the  dia- 

E 

9 

i 


^t 


Fig.  1.— Apparatus  for  the  determination  of  the  surface  tension  of  mercury  in  a 
vacuum  produced  by  a  mercury  diffusion  pump. 

gram  F  represents  a  ground  glass  joint  and  G  a  mercury  seal.  It  was 
found  necessary  to  have  the  portion  of  the  capillary  tube  above  the  tip 
perfectly  smooth  and  clean.  Any  roughness  of  the  glass  or  the  presence 
of  a  particle  of  dust  caused  the  mercury  column  to  break  apart  at  that 
point,  so  that  many  tubes  had  to  be  tried  before  a  satisfactory  one  was 
found.  A  2-stage  mercury  condensation  pump  was  used  in  producing  the 
vacuum,  and  the  system  was  evacuated  for  2  hours  before  starting  the 
collection  of  drops.  The  pressure  was  so  low  that  no  pressure  could  be 
detected  by  the  use  of  a  McLeod  gage.  The  results  obtained  are  given  in 
Table  I.  The  surface  tensions,  Col.  2,  are  calculated  from  the  equa- 
tion y  —  fng/2Tr'npir/v^)  and  the  latent  heats  from  the  Clapeyron  equa- 
tion /  =  —  T  Ay/ AT. 

The  following  results  indicate  that  the  Ramsay-Shields  constant  is  0.96 
instead  of  the  normal  2.12  for  mercury,  or  the  entropy  of  surface  formation 
for  the  area  occupied  by  a  molecule  is  0.0135  X  io~14  ergs. 
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Table  I.— Thb  Frbb  Energy,  Latent  Heat,  and  Total  Energy  of  Surface 

Formation  of  Mercury  in  Vacuo.9 

(All  values  in  ergs  per  sq.  cm.) 

Entropy  of  surface  formation  =*  0.22  ergs  per  degree  per  cm1. 

I.  2.  3.  4.  5. 

Free  energy  of  Latent  heat  of  Total  energy  of  Ay/AT 

Temp.  °C.        surface  formation.      surface  formation.       surface  formation.  y0. 

o         480.3  60.1  540.4        0.00046 

IO  478.3  62.3  540.6  

20  476.1  64.5  540.6  

30  474  2  66.7  540.9  

40  471  3  68.9  5402  

50  4694  71. 1  540.5  

60  4671  733  540.4  

•  Instead  of  the  value  480  3  dynes  at  o°  as  given  here,  Cenac  found  460  or  467, 
according  as  the  correction  used  was  that  determined  by  calculations  by  Lohnstein  or 
by  the  experiments  of  Ray  lei  gh.    Cenac,  Cantor  (Wied.  Ann.,  1894,  p.  423)  and 

Siedentopf  (Diss.  Gftttingen,  1897)  obtained  the  value  0.0005  for  instead  of 

\ 
0.00046  as  given  above. 

Apparatus  and  Experimental  Procedure. 

The  interfacial  tensions  were  measured  by  means  of  the  drop-weight 
apparatus  devised  in  this  laboratory  for  measuring  the  surface  tension  of 
liquids  in  air,  but  in  a  slightly  modified  form.  Since  mercury  does  not 
wet  glass,  the  drops  form  and  fall  from  the  circumference  of  the  bore  and 
not  from  the  circumference  of  the  tube.  Also,  because  of  the  high  density 
of  mercury,  it  is  not  possible  to  cause  the  drops  to  form  slowly  enough 
if  the  mercury  siphons  through  the  tube  under  the  influence  of  gravity. 
A  third  difficulty,  not  met  with  in  making  similar  measurements  with 
water,  is  that  the  mercury  surface  adsorbs  very  readily  any  water  in  the 
organic  liquid,  the  dry  organic  liquid  dissolving  enough  moisture  from 
the  air  in  a  few  minutes  to  appreciably  change  the  interfacial  surface 
tension. 

To  overcome  the  first  of  these  difficulties  a  tip  made  from  a  metal  which 
mercury  wets  was  first  tried,  but  it  was  found  that  with  a  metal  such 
as  platinum  enough  of  the  metal  dissolved  in  the  mercury  to  change  its 
surface  tension.  Glass  tips  were,  therefore,  used  in  all  measurements 
recorded.  To  insure  a  sharp  edge  to  the  bore  of  the  tube  at  the  end 
where  the  drop  broke  off,  the  bore  was  filled  with  Woods  metal* before 
grinding.  All  the  tips  used  had  a  diameter  of  1.2  mm.  to  1.4  mm.,  and 
this  was  accurately  measured. 

To  control  the  speed  of  flow  of  mercury,  a  very  small  constriction  (B, 
Fig.  2)  was  made  in  the  siphon.  After  considerable  practise  it  was  found 
possible  to  make  a  constriction  so  small  that  with  a  head  of  mercury  of 
2  centimeters  in  the  reservoir  A,  a  drop  weighing  one  g.  would  take  5 
minutes  to  form  at  the  end  of  the  tip  C.    In  practise  suction  was  applied 
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at  D  until  the  drop  was  so  large  that  it  would  fall  in  about  one  minute 
after  the  suction  was  released.  The  constriction  was  so  small  that  sul- 
furic acid  could  be  forced 
1  through  under  pressure  only 
very  slowly,  and  so  small,  too, 
that  a  small  particle  of  dust  was 
found  to  clog  the  bore  com- 
pletely, thus  ruining  the  tube  for 
further  use. 

In  purifying  the  liquids  used 
great  care  was  exercised  both 
r-  in  drying  the  liquids  and  in 
keeping  them  from  contact  with 
moist  air  during  the  experiment. 
It  was  found  that  the  same  por- 

Fig.  2.— Glass  parts  of  apparatus  for  the  de-  tion  of  ^  covld  not  **  used 
termination  of  the  surface  tension  (inter-  for  running  a  second  set  of  drops, 
facial  tension)  between  other  liquids  and  since  in  changing  the  liquid  from 
mercury.  For  a  figure  showing  the  metal  the  weighing  bottle  (Fig.  2,  E) 
parts  see  This  Journal,  37,  1656-76  (,9«s).  to   anothef  wdghing  bottle,  in 

order  to  remove  the  mercury,  enough  moisture  was  taken  up  from  the  air 
to  change  the  interfacial  surface  tension  markedly. 

Purification  of  Liquids. 

The  liquids  used  were  purified  by  the  methods  given  below. 

Mercury. — Commercial  mercury  was  distilled  and  this  was  then 
purified  by  electrolysis  and  repeated  distillations  according  to  the  method 
recommended  by  the  Bureau  of  Standards.1 

The  alcohols  were  treated  with  freshly  burned  quicklime  for  several  days, 
distilled  off ,  fractionally  distilled  and  dried  over  metallic  calcium  for  2  weeks. 

The  hydrocarbons  and  also  alcohol-free  ether  were  purified  by  heat- 
ing for  several  hours,  in  a  flask  containing  mercury  and  fitted  with  a 
reflux  condenser,  until  the  black  precipitate  which  appeared  at  first  no 
longer  formed.  They  were  then  fractionally  distilled  and  dried  over 
metallic  sodium  for  2  weeks. 

Oleic  and  undecylinic  acids  were  distilled  in  vacuo. 

Carbon  disulfide  and  di-amyl  amine  were  fractionally  distilled  and 
the  distillates  dried  over  freshly  fused  potassium  hydroxide. 

Aniline  was  fractionally  distilled  2  times,  finally  with  zinc  dust  and 
hydrogen,  and  the  colorless  product  was  dried  over  potassium  hydroxide. 

Acetone  was  fractionallv  distilled  and  dried  over  calcium  chloride. 

The  halogen  compounds  were  distilled  and  kept  over  mercury,  redis- 
tilled and  always  used  immediately  after  the  redistillation. 
1  Bur.  Standards,  Bull.  4,  10  (1907). 
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Carefully  purified  aromatic  hydrocarbons  and  ether  contained  an  im- 
purity, presumably  a  sulfur  compound,  which  caused  a  black  precipitate 
to  form  in  the  presence  of  mercury.  After  refluxing  several  hours  with 
mercury,  this  impurity  was  removed. 

The  Interfacial  Tensions  at  the  Phase  Boundary  Between  Mercury 

and  Another  Liquid. 
Table  II. — Thb  Interfacial   Tension  and  Adhbsion  between  Mercury  and 

Organic  Acids. 

(Liquids  arranged  in  order  of  adhesional  work  against  mercury.) 

(Values    m   ergs    per   sq.    cm.    Temperature    20  °.) 


Free 

Free  inter- 

surface  facial 

energy  energy 

of  against 

liquid,  mercury. 

Acetone 26 . 1  390 

Hexane 18 .4  378 

Ethyl  ether 21.8  379 

Octane 21.7  375 

Di-amyl  Amine 24 .6  371 

Propyl  alcohol 23.7  368 

Nttro-ethane 34.9  378 

Ethyl  alcohol  (G) 22.4  364 

Secondary  octyl  alcohol 27 .0  359 

Carbon  tetrachloride  (G) ...     26 .6  362 

Toluene 29 .0  359 

Benzene 28.8  357 

m-Xylene 29 .0  357 

0-Xylene 29.0  359 

^-Xylene 27.0  361 

Chloroform  (G) 27 . 1  357 

Undecylinic  acid 30.6  353 

iso-Butyl  alcohol 22.8  343 

Octyl  alcohol  (G) 27  .$•  352 

Methylene  chloride  (G). ...     26 .5  341 

Nitrobenzene. .  (G) 43 .4  350 

Ethylidene  chloride  (G)  —     24 .6  337 

Carbon  disulfide 31.4  336 

Aniline.... 42.6  341 

Water  (G) 728  375 

Oleic  acid 32  .5  322 

Ethyl  iodide  (G) 28 .2  322 

Ethylene  bromide  (G) 38 .7  326 

Methyl  iodide  (G) 35  304 

Acetylene  tetra bromide  (G)     49.6  320 

Mercury 476 .0 


4. 
Adhes- 
ional 


against 

mercury 

(Wa) 

7Hg+^ 

— fi- 

112 
116 
119 
"3 
I30 
132 
»33 
134 
144 

146 

147 
148 
148 
149 
151 
151 
154 
156 
157 
165 
169 
170 
171 
177 
178 
187 
191 
193 
207 

213 
(952) 


Cohes- 
ion al 


7. 
Adhes- 
ional 


against 
itself. 
(Wc) 
2-ri. 

52.2 

36  9 
43.6 

43  5 
492 

47  4 
69.8 
44.8 
54  o 
53-3 
58.0 
57  6 
380 
58.0 
54  o 

54  3 
61.2 
45-6 

55  o 
53.0 
86.8 

49.2 
62.8 
852 

MS -6 
65.0 
56.4 
77  4 
70 
99.3 

952 


Differ-  against 

ence.  water. 

(4)— (5)  YH.O 

S  + 

wa— wc.  yi—vi 

60 
79 
75 
79 
81 
85 
63 
89 
90 
93 
89 
90 
90 

91 

97 

97 

93 
no 
102 
112 

82 

I2T 
IO8 

92 

32 
122 

135 

116 
137 
114 


Differ* 

(4WV) 
^Hg 
^HtO 


40 

76 

73 

46 

44 

79 

96 

36 

85 

39 

56 

90 

67 

80 

67 

81 

64 

84 

67 

82 

64 

87 

67 

84 

103 

51 

94 

62 

92 

65 

71 

94 

9* 

78 

56 

115 

no 

67 

M5  6 

32 

90 

97 

63 

128 

75 

118 

84 
178 


129 

774 


Values  marked  (G)  obtained  by  Dr.  E.  H.  Grafton. 
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Adsorption  of  Vapors  on  a  Mercury  Surface. 

Preliminary  experiments  were  made  on  the  surface  tension  of  mercury 
in  air  saturated  with  vapors  of  volatile  liquids.  The  results  are  only 
approximate  as  the  only  precaution  taken  to  control  the  concentration 
of  the  vapor  was  to  let  the  apparatus  stand  for  an  hour  at  20  °  *o#i  with 
a  few  drops  of  the  liquid  in  the  bottom  of  the  weighing  bottle  (Fig.  2, 
E).  In  benzene  vapor  the  surface  tension  was  found  to  be  about  394, 
in  ether  vapor  about  389  and  in  carbon  disulfide  vapor  about  370  ergs 
per  sq.  cm.  This  shows  a  lowering  of  the  free-surface  energy  of  mercury 
of  80  to  100  ergs  per  sq.  cm.  and  gives  values  approximating  those  found 
in  liquids.  This  indicates  a  strong  positive  adsorption  of  these  vapors  on 
a  mercury  surface. 

An  attempt  was  made  to  measure  the  adsorption  of  nonylic  acid  in 
water  solution  by  mercury  but  the  results  were  not  concordant.  The 
solution  could  not  be  kept  from  creeping  up  into  the  tube  and  thus  dis- 
placing the  mercury.  The  same  difficulty  was  met  with  in  the  case  of 
some  of  the  organic  liquids.  Monochloro-acetone  in  particular  would 
displace  the  mercury  for  a  distance  up  into  the  tube  of  from  1  to  2  cm. 
This  is  probably  caused  by  the  attractive  forces  between  the  liquid  and 
glass  being  stronger  than  the  forces  keeping  the  mercury  in  contact  with 
the  glass.  The  interfacial  tension  against  benzaldehyde  could  not  be 
determined  because  in  it  a  white  skin  formed  about  the  mercury  drop 
and  supported  the  drop  until  it  became  abnormally  large.  The  skin 
then  broke  letting  the  drop  fall  through. 

Accuracy  of  the  Experimental  Work. 

As  has  been  stated,  in  all  of  this  work  the  mercury  was  dropped  down 
from  the  sharp  inside  edge  of  the  capillary  tube,  or  from  what  is  called 
an  open  tip.  This  method,  as  was  found  by  Harkins  and  Brown,  is  not 
so  accurate  as  that  in  which  what  is  termed  a  closed  tip  is  used,  so  the 
results  should  not  be  expected  to  attain  the  precision  better  than  0.1% 
such  as  was  obtained  in  work  on  water  and  other  liquids  in  their  work. 
The  precision  attained  in  the  present  work  seemed  to  be  of  the  order  of 
1% — that  is,  results  on  the  same  liquid  agreed  to  within  1%  even  after 
long  periods  of  standing,  provided  the  liquid  was  kept  carefully  sealed 
in  the  interim,  though  opening  the  bulb  to  the  ordinary  air  of  the  lab- 
oratory would  often  allow  enough  moisture  to  be  absorbed  to  cause  a 
lowering  of  several  per  cent,  in  the  interfacial  tension.  However,  such 
manipulation  as  this  is  inexcusable. 

Two  important  sources  of  error  have  been  mentioned  in  the  previous 
section.  First,  the  organic  liquid  may  creep  up  the  capillary  tip  be- 
tween the  mercury  and  the  wall  of  the  glass  capillary,  as  was  the  case  with 
monochloro-acetone,  and  with  an  aqueous  solution  of  nonylic  acid.  How- 
ever, in  such  cases  the  results  obtained  were  altogether  irregular  and 
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erratic,  with  a  variation  as  large  as  25%.  The  very  regular  results  ob- 
tained in  connection  with  the  data  presented  here  give  a  reasonable 
basis  to  the  assumption  that  this  error  was  avoided  In  order  to  do 
this,  however,  it  was  neces- 
sary to  use  a  small  tip,  with 
a  diameter  less  than  2  mm.  in 
order  to  give  a  bulging  drop, 
so  that  the  mechanical  forces 
would  cause  the  mercury  to 
press  tightly  against  the  edge 
of  the  tip.  Second,  there  was  . 
no  evidence  of  the  formation  5 
of  a  quasi-solid  film  except  .3  380 
with  benzaldehyde,  where  the  8 
results  were  entirely  erratic  g  375 
and  abnormally  high,  and  in  g,  . 
the  case  of  the  halogen  de- 
rivatives, which  gave  very 
consistent  and  low  results. 
In  all  other  cases  the  mercury 
remained  extremely  bright, 
and  consistent  results  were 
obtained.  Attempts  to  ob-  g 
tain  the  interf acial  tension  by  «§ 
dropping  the  liquid  upward  co 
through  the  mercury  failed, 
since  with  the  experimental 
arrangements  at  hand  it  was 
found  impossible  to  control 
the  drop  sufficiently  well.  The 
results  obtained  in  vacuo  are 
believed  to  be  the  most  ac- 
curate thus  far  obtained  with 
mercury.  Any  small  differ- 
ences noted  ii 
the  preceding 
present  paper  are  not  due  to 
the  drop  weight  method  as  employed,  but  to  the  later  removal  of  impuri- 
ties, small  traces  of  which  may  change  the  values  greatly. 

Discussion  of  Results. 
The  data  presented  in  the  tables  of  this  and  of  the  preceding  paper 
indicate  that  the  adhesional  work  between  a  mercury  surface  and  the  sur- 
face of  an  organic  liquid  is  always  greater  than  that  between  the  organic 
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substance  and  water,  and  also  greater  than  that  between  the  organic 
liquid  and  itself,  or  the  cohesional  surface  work.  A  second  point  of 
interest  is  that  for  about  half  of  the  substances  investigated,  the  differ* 
ence  between  the  adhesional  work  against  mercury  and  that  against  water 
is  nearly  constant,  and  between  80  and  90  ergs.  This  is  true  for  such 
liquids  as  the  paraffin  hydrocarbons,  benzene,  toluene,  and  xylenes,  car- 
bon tetrachloride,  chloroform,  and  nitrobenzene,  so  the  work  of  attraction 
is  by  no  means  entirely  specific.  On  the  other  hand  the  adhesional  work 
is  specifically  high  toward  water  in  the  case  of  the  alcohols,  water  itself, 
organic  acids,  acetone  and  ether,  while  that  toward  mercury  is  very  high 
in  the  case  of  the  compounds  containing  iodine,  bromine,  and  sulfur, 
and  somewhat  high  for  oleic  acid,  which  indicates  that  the  specific  effects 
are  very  marked. 

The  values  for  W*  —  Wc  or  of  S,  the  spreading  coefficient,  are  all  large, 
which  would  indicate  that  if  what  may  be  termed  the  Neuman  triangle 
principle  is  applicable  to  spreading  all  of  these  liquids  should  spread  on  a 
pure  mercury  surface.  That  they  often  do  not  spread  is  not  surprising, 
when  it  is  considered  that  a  mercury  surface  in  ordinary  air  is  always 
covered  by  a  film  of  water  and  other  vapors,  as  may  be  seen  by  consulting 
the  preceding  section  of  this  paper.  It  will  be  seen  that  this  spreading  co- 
efficient increases  with  the  temperature  for  iso-butyl  alcohol,  secondary  octyl 
alcohol,  and  benzene,  but  decreases  for  octane. 

Table  III  shows  that  the  adhesional  work  decreases  rapidly  with  in- 
crease of  temperature,  while  the  total  adhesional  energy  increases.1  The 
latent  heat  of  the  interface  between  mercury  and  another  liquid  decreases 
rapidly  as  the  temperature  increases,  while  the  latent  heat  of  most 
ordinary  surfaces  increases  with  the  temperature,  and  the  total  energy 
of  interface  formation  also  decreases,  though  not  so  rapidly. 

Since  the  halogen  and  sulfur  atoms  in  organic  compounds  show  a  specifi- 
cally high  attraction  for  the  mercury  surface,  it  is  to  be  expected  that 
at  such  an  interface  the  molecules  should  be  oriented  in  such  a  way  that 
the  halogen  or  sulfur  atoms  are  turned  toward  the  mercury. 

•     Chicaoo,  Iia. 

1  It  is  evident  that  at  higher  temperatures  the  adhesional  energy  must  also  de- 
crease. 
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THE  PROPERTIES  OF  PURE  HYDROGEN  PEROXIDE.     L 

By  O.  Maass  and  W.  H.  Hatcher. 

Received  September  25,  1920. 

There  are  few  chemicals  which  have  found  a  greater  variety  of  uses 
than  hydrogen  peroxide.  Every  year  the  literature  becomes  enriched 
with  papers  dealing  with  reactions  in  which  hydrogen  peroxide  in  dilute 
solution  plays  an  important  part.  On  the  other  hand,  the  properties, 
both  physical  and  chemical,  of  pure  hydrogen  peroxide  are  for  the  greater 
part  unknown  and  the  accuracy  of  those  properties  which  have  been 
tabulated  is  subject  to  doubt.  The  present  paper  deals  with  the  prepara- 
tion of  pure  anhydrous  hydrogen  peroxide  and  the  determination  of  some 
of  its  properties. 

To  treat  hydrogen  peroxide  historically  and  describe  its  multitudinous 
reactions  in  dilute  solution  would  fill  several  volumes  and  would  not 
come  within  the  scope  of  this  paper.  It  will  therefore  be  most  con- 
venient in  the  following  account  of  the  various  steps  in  which  hydrogen 
peroxide  was  purified  and  its  properties  investigated,  to  refer  at  each 
stage  to  any  previously  published  work  which  suggests  similarity  to  that 
being  discussed. 

What  might  be  termed  the  "raw  product1'  from  which  the  pure  hydro- 
gen peroxide  was  to  be  derived  consisted  of  a  3%  solution  prepared  from 
commercial  barium  peroxide  in  the  ordinary  way.  The  principal  im- 
purities were  sodium  sulfate,  phosphoric,  sulfuric  and  hydrochloric  acids 
and  traces  of  several  inorganic  salts.  This  3%  solution  was  concen- 
trated to  30%  by  means  of  the  sulfuric  acid  concentrator1  described  in 
another  paper,  a  yield  of  95%  being  obtained.  The  details  of  various 
yields  obtained  under  different  conditions  of  temperature  and  pressure 
are  of  no  particular  scientific  interest  but  may  be  made  the  subject  of  a 
separate  paper  in  an  industrial  journal. 

Subsequent  purification  of  the  hydrogen  peroxide  from  the  30%  solu- 
tion was  effected  in  3  stages:  (1)  distillation  to  remove  non-volatile  im- 
purities; (2)  concentration  of  the  30%  solution  (now  pure)  to  90%;  (3)" 
separation  of  pure  hydrogen  peroxide  out  of  this  concentrated  solution 
by  fractional  crystallization. 

The  first  stage  required  considerable  development  as  the  30%  solution 
was  found  to  be  very  unstable.  This  was  due  to  the  fact  that  all  the  im- 
purities had  been  concentrated  as  well  as  the  hydrogen  peroxide.  Gen- 
erally, the  decomposition  at  room  temperature  was  found  to  average  1^} 
per  day  so  that,  up  to  the  moment  when  they  were  to  be  distilled,  the 
solutions  were  kept  at  o°,  at  which  temperature  the  rate  of  decomposi- 
1  This  Journal,  42,  2571  (1920). 
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tion  is  much  less.  A  sulfuric  acid  pump1  was  used  in  the  distillation  in 
order  that  during  this  process  the  pressure  might  be  kept  at  a  minimum. 
Fig.  1  is  drawn  to  scale,  and  shows  the  relative  sizes  of  Distilling  Flask 
B,  Receiver  G  and  barrel  of  sulfuric  acid  Pump  M.  The  volume  of  the 
latter  is  some  6  liters,  this  being  more  than  3  times  the  volume  of  all 
the  rest  of  the  apparatus  to  be  evacuated.  The  sulfuric  acid  pump  is 
regulated  by  a  control  valve2  leading  to  J,  O  being  connected  to  a  Geiss- 
ler  water-pump,  O  N  acting  as  a  sulfuric  acid  seal.  The  reservoir  K  is 
filled  with  commercial  sulfuric  acid  (95%),  one  filling  being  sufficient 
for  innumerable  distillations.     D  is  a  water  condenser  and  is  connected 


Fig.  1. 

to  a  spiral,  F,  and  a  receiver,  G,  both  of  which  are  placed  in  vessels  filled 
with  ice.  The  tubing  H  connecting  the  receiver  G  to  the  sulfuric  acid 
pump  is  about  one  cm.  in  diameter,  the  height  of  H  being  the  barometric 
height  in  terms  of  sulfuric  acid.  A  manometer,  E,  indicates  the  pressure 
at  any  moment.  The  distilling  flask,  B,  with  ground  glass  neck,  has  a 
volume  of  about  300  cc.  and  is  heated  by  means  of  a  water-bath.  In  the 
first  experiments,  200  cc.  of  the  30%  solution  was  placed  directly  in  this 
flask  at  one  time.  The  apparatus  was  constructed  wholly  out  of  glass 
tubing. 

The  sulfuric  acid  pump  works  automatically,  going  through  one  cycle 
in  less  than  one  minute  with  the  aid  of  a  small  electric  pre-evacuator 
connected  through  the  valve  to  J.  The  water-bath  is  heated  to  about 
6o°  so  that  this  is  the  maximum  temperature  reached  by  the  hydrogen 

1  O.  Maass,  This  Journal,  41,  53  (191 9). 
*Ibid. 
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peroxide  solution  during  the  distillation.  At  first  the  distillation  takes 
place  without  a  great  loss  of  hydrogen  peroxide  due  to  decomposition. 
The  solution  gradually  becomes  more  concentrated,  the  impurities  con- 
centrating more  rapidly  than  the  hydrogen  peroxide,  which,  at  the  tem- 
perature of  the  distillation  and  under  a  pressure  of  one  cm.,  vaporizes 
with  the  water  and  is  condensed  in  the  receiver.  Towards  the  last,  the 
impurities  are  concentrated  to  such  an  extent  that  they  are  precipitated 
in  the  solid  form  along  the  sides  of  the  distilling  flask.  Thai  a  certain 
amount  of  decomposition  takes  place.  It  is  here  that  the  value  of  the 
sulfuric  acid  pump  becomes  evident  for  it  is  possible  to  keep  the  pressure 
below  one  cm.  of  mercury  in  spite  of  the  oxygen  liberated.  Any  oxygen 
liberated  is  in  an  active  form  and  mercury  or  any  other  metallic  substance 
is  corroded  and  the  oil  of  a  rotary  pUmp  thickens — another  reason  why 
the  sulfuric  acid  pump  is  a  desirable  one  to  use. 

For  a  while  the  distillations  were  carried  out  in  the  manner  described 
above.  Analysis  of  the  distillate  showed  a  60%  yield.  It  was  found 
that  the  40%  loss  was  not  due  to  decomposition  alone,  examination  of 
the  gelatinous  residue  in  the  distilling  flask  showed  the  presence  there 
of  a  fairly  large  amount  of  hydrogen  peroxide,  suspected  of  being  held 
in  the  form  of  hydrogen  peroxide  of  crystallization  by  the  sodium  sul- 
fate. It  was  found  impossible  to  drive  off  this  hydrogen  peroxide  with- 
out having  to  heat  it  to  a  temperature  where  vigorous  decomposition 
resulted. 

An  attempt  was  made  to  increase  the  yield  of  hydrogen  peroxide  by 
what  may  be  termed  a  vacuum  steam  distillation.  A  vessel,  A,  filled 
with  water,  was  connected  to  the  distilling  flask  B  in  the  manner  shown 
in  the  diagram.  During  the  latter  part  of  a  distillation,  when  the  solu- 
tion had  become  very  concentrated,  the  proper  tap  was  opened  slightly. 
The  water  entering  the  distilling  flask  was  immediately  vaporized,  as  the 
pressure  in  the  apparatus  was  below  the  vapor  pressure  of  water.  Con- 
sequently a  stream  of  water  vapor  was  bubbled  through  the  solution, 
the  object  being  to  displace  the,  hydrogen  peroxide.  A  fair  measure  of 
success  attended  this  innovation,  and  the  yields  rose  to  75%. 

A  further  improvement  was  made  by  heating  the  empty  distilling  flask, 
B,  to  65  °  and  placing  the  hydrogen  peroxide  solution  in  A  from  which 
it  was  admitted  into  the  heated  flask  drop  by  drop  at  the  rate  at  which 
it  evaporated.  Thus  the  major  portion  of  the  distillate  was  kept  cool 
during  the  greater  part  of  the  time  of  distillation.  The  yield  was  in- 
creased considerably,  being  over  90%  in  many  cases.  Three  hours  are 
required  for  the  distillation  of  half  a  liter.  Furthermore,  it  was  found 
advisable  to  place  a  trap  between  distilling  flask  and  the  water  condenser. 
This  trap  (C  in  Fig.  1),  a  thin-walled  wash-bottle,  was  heated  contin- 
uously to  a  temperature  of  70 °.    This  temperature,  somewhat  higher 
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than  that  in  the  distilling  flask,  prevented  the  condensation  of  any  hydro- 
gen peroxide.  The  function  of  the  trap  is  of  course  to  catch  any  small 
drops  of  liquid  which  might  be  carried  along  during  the  distillation. 

A  few  further  particulars  of  the  precautions  taken  to  insure  the  abso- 
lute purity  of  the  hydrogen  peroxide  solution  may  be  in  place.  The  tap 
leading  from  A  to  the  distilling  flask  B  (by  means  of  which  the  speed  of 
entry  of  the  hydrogen  peroxide  was  regulated)  was  not  greased.  The 
same  applies  to  the  ground  glass  joints  fitting  into  the  tops  of  Flasks 
B  and  C.  The  latter  were  immersed  in  the  heating  water  to  such  an 
extent  that  the  ground  glass  joints  were  below  the  surface.  The  leak 
from  the  outside  was  negligible,  as  especially  well-fitting  joints  had  been 
chosen;  the  slight  quantity  of  water  working  through  was  also  distilled 
over,  but  the  absence  of  tap-grease  made  certain  that  no  organic  impurity 
would  find  its  way  into  the  distillate.  The  bottom  of  Receiver  G  was 
connected  to  a  glass  tube  as  shown  in  the  diagram,  the  end  of  the  tube 
being  sealed  off  before  the  distillation.  After  the  distillation,  this  end  of 
the  tube  was  filed  off  and  the  peroxide  forced  out  of  the  receiver  by  air 
pressure  into  the  vessel  in  which  it  was  to  be  stored.  Thus,  at  no  time 
during  the  distillation,  or  afterwards,  was  the  peroxide  brought  into 
contact  with  any  material  except  glass.  Previous  to  a  distillation,  the 
whole  apparatus  was  filled  with  chromic  acid  cleaning  mixture  by  suc- 
tion. The  cleaning  solution  was  removed  after  a  few  hours  and  the 
whole  apparatus  flushed  out  with  distilled  water  until  it  was  certain 
that  no  trace  of  the  cleaning  mixture  remained. 

A  qualitative  analysis  of  the  distillate  showed  the  absence  of  all  non- 
volatile impurities.  Sulfuric  acid  was  also  shown  to  be  absent,  but,  in 
those  cases  where  the  original  peroxide  solutions  contained  large  amounts 
of  chloride,  a  small  amount  of  hydrochloric  add  was  invariably  present 
in  the  distillate.  In  order  to  prevent  this,  the  concentrated  peroxide 
solution  was  made  slightly  alkaline  with  sodium  hydroxide  before  sub- 
mitting it  to  distillation.  This  procedure  removed  the  last  impurity;  it 
was  found  that  the  distillate  was  now  absolutely  pure,  although  the 
yield  was  cut  down  considerably. 

The  first  stage  in  the  purification  of  hydrogen  peroxide  may  be  summed 
up  by  saying  that  if  the  experimental  methods  described  above  are  fol- 
lowed, it  is  possible  to  distil  30%  impure  peroxide  solutions,  the  distillate 
being  absolutely  pure  and  corresponding  to  an  85%  yield. 

The  second  stage  in  the  process  of  reaching  100%  hydrogen  peroxide 
is  carried  out  as  follows.  The  smaller  of  the  2  flasks  in  the  sulfuric  acid 
concentrator1  was  reserved  for  the  concentration  of  the  pure  solutions. 
This  flask  had  been  especially  cleaned  with  a  hot  chromic  acid  solution 
and  had  then  been  scrupulously  washed  out  with  distilled  water.  The 
1  Thi9  Journal,  4a,  2571  ( 1920). 


Digitized  by 


Google 


255*  °-   MAASS  AND  W.  H.  HATCHER. 

concentration  of  pure  hydrogen  peroxide  solutions  can  be  carried  out  by 
means  of  the  sulfuric  concentrator  without  any  loss  whatevier  due  to 
decomposition  because  concentrations  can  be  rapidly  carried  out  at  low 
temperatures;  attention  was  drawn  to  this  factor  in  the  description  of 
the  pump. 

There  is,  however,  an  inevitable  loss  of  hydrogen  peroxide  due  to  evap- 
oration. As  the  solution  becomes  more  concentrated  in  hydrogen  per- 
oxide, the  partial  vapor  pressure  of  the  peroxide  itself,  relative  to  the 
water- vapor  pressure,  becomes  appreciable  and,  therefore,  a  portion  finds 
its  way  into  the  sulfuric  acid  together  with  the  water  vapor.  But  this 
source  of  loss  is  also  dependent  on  the  temperature  of  concentration  and 
therefore  pressure.  The  lower  the  temperature,  the  greater  is  the  differ- 
ence, apparently,  between  the  relative  vapor  pressures  of  water  and  hydro- 
gen peroxide. 

At  this  stage  it  might  be  well  to  refer  to  Wolffenstein,1  who  was  the  first 
to  concentrate  hydrogen  peroxide  by  means  of  vacuum  evaporation. 
Wolffenstein  reported  fairly  large  losses  when  concentrations  were  carried 
out  to  a  high  percentage  concentration  of  peroxide  in  the  concentration 
of  pure  solutions.  Thus  he  obtained  only  a  28.3%  yield  when  he  con- 
centrated 802  g.  of  4.5%  peroxide  to  66.6%.  The  following  example, 
taken  at  random  from  our  experiments,  shows  in  comparison  what  the 
sulfuric  acid  concentrator  can  do.  582  g.  of  24.3%  hydrogen  peroxide 
was  concentrated  to  91.1%,  102  g.  of  this  solution  corresponding  to  a 
65%  yield  being  obtained.  Thus,  starting  with  a  much  larger  quantity 
of  peroxide  (a  solution  containing  141  g.  as  compared  to  Wolffenstein's 
solution  which  contained  36  g.)  2.5  times  the  yield  was  obtained  and  the 
peroxide  concentrated  to  a  higher  degree  (91%  as  compared  to  66%). 
The  time  required  for  the  concentration  in  the  example  cited  above  was 
4  hours,  the  temperature  of  the  solution  remaining  below  o°. 

The  above  is  a  typical  example  of  the  results  obtained  during  this  stage. 
The  30%  pure  peroxide  solutions  are  concentrated  to  90%,  a  yield  of  65% 
being  obtained.  It  is  not  advisable  to  try  to  concentrate  the  peroxide 
above  this  point  as  the  loss  becomes  enormous.  Around  98%  the  pro- 
portion of  peroxide  lost  due  to  evaporation  approaches  the  amount  of 
water  driven  off,  so  that  no  gain  is  made.  Apparently  it  is  impossible 
in  this  way  to  dehydrate  hydrogen  peroxide  completely. 

There  now  remains  a  discussion  of  the  last  stage,  which  bears  a  sim- 
ilarity to  a  method  employed  by  Ahrk2  for  obtaining  strong  concentrated 
solutions.  Ahrle  concentrated  perhydrol  (30%  solution)  to  85%,  and 
some  50  g.  of  this  solution  was  cooled  to  a  temperature  where  the  hydro- 
gen peroxide  crystallized  out,  the  supernatant  liquid  was  removed,  the 
1  Wotftenstein,  Ber.,  27,  3307  (1894). 
1  Ahrle,  /.  prakt.  Chem.,  79,  129  (1909). 
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remaining  crystals  melted,  and  they  were  then  subjected  again  to  this 
same  process.  The  quantity  remaining  was  taken  as  being  pure,  and 
probably  was  sufficiently  so  for  the  purpose  for  which  it  was  made,  namely, 
the  preparation  of  Caro's  acid.  Outside  of  the  preparation  of  this  acid, 
no  further  experiments  were  carried  out  by  Ahrle  with  the  hydrogen  per- 
oxide, and  in  view  of  the  experiments  to  be  described,  it  is  doubtful  if 
the  hydrogen  peroxide  obtained  in  the  above  cited  investigation  was  ab- 
solutely anhydrous. 

After  many  attempts  to  obtain  pure  hydrogen  peroxide  from  the  90% 
solution  by  crystallization,  the  following  technique  was  devised.  100  g. 
of  solution  was  placed  in  a  large  tube  which  was  itself  placed  in  a  cooling 
mixture  in  a  Dewar  flask.  A  continuous  stream  of  dried  air  was  sent 
through  a  glass  tube  of  small  diameter  leading  through  its  cooling  mix- 
ture to  the  bottom  of  the  solution.  The  latter  was  thus  kept  stirred. 
The  temperature  indicated  by  a  thermometer  was  then  regulated  to 
be  one  degree  below  the  freezing  point  of  the  solution.1  The  latter  was 
then  inoculated  with  a  crystal  of  hydrogen  peroxide,  and  the  temperature 
of  the  cooling  bath  was  lowered  until  half  the  solution  had  solidified; 
the  solution  being  stirred  vigorously  during  this  procedure.  The  crys- 
tals were  finally  allowed  to  settle,  the  supernatant  liquid  poured  off,  and 
the  crystals  and  absorbed  liquid  transferred  to  another  glass  tube  per- 
forated by  fine  holes  in  the  bottom.  The  transference  was  effected  in  a 
few  seconds,  crystals  adhering  to  the  side  of  the  first  test-tube  having 
been  melted  by  the  warmth  of  the  hand.  The  crystals  were  pulled  out 
by  a  glasg  rod  with  a  hook  at  the  end. 

A  larger  tube  constituted  an  outer  jacket  for  the  perforated  tube  to 
which  suction  was  applied  by  means  of  a  side  arm.  Dried  air  entered 
the  inner  tube  and  carried  the  liquid  adhering  to  the  crystals  into  the 
outer  jacket.  The  crystals  meanwhile  were  pressed  down  by  means  of 
a  glass  rod  flattened  out  at  the  bottom.  The  whole  apparatus  previous 
to  the  admission  of  the  crystals  was  cooled  in  an  ice-bath. 

Vessel  A,  with  the  crystals,  was  then  removed  from  B  and  was  sus-« 
pended  in  a  beaker,  and  the  crystals  allowed  to  melt.  The  first  few  drops 
were  added  to  the  liquid  collected  in  B  to  which  was  also  added  the  super- 
natant liquid  poured  off  from  the  crystals.  The  tube  containing  the 
melting  crystals  and  the  beaker  into  which  they  were  melting  were  enclosed 
by  a  large  bell  jar  containing  also  a  desiccating  agent;  this  precaution 
being  necessary  to  prevent  the  solution  from  taking  up  moisture  from  the 
air  during  the  time  required  for  the  crystals  to  melt. 

The  solution  was  thus  separated  into  2  portions — one  concentrated  and 
the  other  dilute.     One  might  have  expected  that  the  concentrated  solu- 
1  See  freezing-point  curve.    O.  Maass  and  O.  W.  Herzberg,  This  Journal  42, 
2569  (1920). 
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tion,  formed  from  the  dry  melted  crystals,  would  approach  100%,  but 
when  carried  out  under  the  conditions  described  above,  the  concentration 
was  only  of  the  order  of  4%,  the  solution  having  increased  in  concentra- 
tion from  90  to  94%.  This  degree  of  concentration  was  still  less  with- 
out the  precautions  described  above.  The  stirring  of  the  solution  during 
crystal  formation  was  essential. 

A  number  of  results  obtained  may  be  worth  while  giving  as  showing 
the  stepping  up  of  the  concentration  of  the  solution. 

%  HjOi  in  solution.  %  HtOs  in  melted  crystals.  %  H«Os  in  mother  liquor. 

91. 1  95  3  86.9 
86 .9  92  .0  81 .9 

88 .2  93 .4  82 .0 
93  4  974  88.2 
92.0  96.8  88.0 
95  0  98.3  91.9 
96.8  99.0  94.0 
98.7  999  93-0 

A  systematic  fractional  crystallization  was  devised  to  utilize  all  avail- 
able stock  to  obtain  the  highest  percentage.  Starting  with  100  g.  of  90% 
solution,  50  g.  of  94%  and  50  g.  of  85%  are  obtained.  This  is  repeated 
with  another  100  g.  of  90%  solution.  The  2  portions  of  50  g.  each  of  the 
85%  solution  are  united,  and  by  crystallization  50  g.  of  82%  and  50  g. 
of  90%  solution  are  obtained.  The  2  portions  of  94%  are  also  united 
and  give  50  g.  of  97%  and  50  g.  of  90%,  and  so  on.  Thus  400  g.  of  90% 
solution  gave  50  g.  of  100%,  50  g.  of  97%,  50  g.  of  94%,  50  g.  of  90%, 
50  g.  of  86%  and  150  g.  of  82%.  After  having  obtained  these  solutions, 
a  fresh  portion  of  90%  is  separated  completely  into  2  end  products  100% 
and  82%. 

I  In  practise,  of  course,  the  crystallizations  are  not  controlled  with  the 
exactitude  which  the  diagram  would  indicate,  but  a  variation  takes  place 
due  to  the  variation  in  relative  amount  of  crystal  and  solution.  However, 
the  various  solutions  are  united  according  to  the  scheme  described  above, 
which  in  the  end  results  in  the  same  thing. 

Any  impurities  which  may  have  found  their  way  into  the  hydrogen 
peroxide  will  accumulate  in  the  82%  solution.  After  a  certain  amount 
of  this  solution  has  been  collected,  it  is  distilled  and  then  reconcentrated. 
There  is  no  real  loss  in  hydrogen  peroxide  during  this  third  stage  of  the 
process  except  that  sticking  to  the  sides  of  the  glass  vessels. 

Now  that  the  various  stages  in  the  preparation  of  the  anhydrous  hydro- 
gen peroxide  have  been  described,  it  is  possible  to  discuss  the  process  as 
a  whole.  The  limits  of  the  various  stages  are  not  chosen  in  a  haphazard 
manner,  but  were  chosen  with  the  object  of  obtaining  the  optimum 
yield,  the  time  factor  being  taken  into  account.  First,  the  impure  3% 
solutions  are  concentrated  to  30%.    If  this  concentration  is  carried  further, 
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say  to  50%,  the  impurities  are  concentrated  to  such  an  extent  that  a  rapid 
decomposition  sets  in  during  the  last  part  of  the  concentration.  On  the 
other  hand,  it  is  essential  to  have  as  small  a  bulk  as  possible  when  it 
comes  to  the  actual  distillation.  If  concentration  is  stopped  at  10% 
instead  of  30%,  the  time  of  distillation  is  increased  and  the  decompo- 
sition during  the  distillation  is  tripled.  It  pays  to  carry  out  the  first  con- 
centration to  just  about  30%.  From  the  freezing-point  curve  it  is  evi- 
dent that  the  concentration  must  be  carried  out  to  at  least  80%  before 
the  crystallization  procedure  will  give  any  results  at  all,  and  since  it  is 
the  most  cumbersome  it  is  best  to  start  crystallizing  with  solutions  as 
highly  concentrated  as  possible.  On  the  other  hand,  concentrating  a 
hydrogen  peroxide  solution  above  90%  is  attended  by  high  losses  due  to 
the  vapor  pressure  of  hydrogen  peroxide  itself  so  that  90%  is  perhaps 
the  best  concentration  with  which  to  end  the  concentration  in  vacuo. 

The  time  required  for  the  process  is  an  important  factor.  The  concen- 
tration of  a  liter  of  3%  solution  requires  3  hours.  The  product  of  4 
such  concentrations  is  distilled  at  one  time,  the  distillation  requiring  about 
3  hours.  About  500  g.  of  the  pure  distillate  is  concentrated  to  90%,  5 
hours  being  allowed  for  the  actual  concentration.  The  crystallization  is 
the  most  tedious,  4  or  5  sets  of  apparatus  as  described  being  required, 
so  that  several  crystallizations  may  be  carried  out  at  once.  The  time 
for  each  crystallization  may  be  put  at  4  hours,  the  crystals  taking  a  long 
time  to  melt  completely. 

The  need  of  great  cleanliness  is  essential  throughout  the  work.  The 
hydrogen  peroxide  solutions  are  allowed  to  come  in  contact  only  with 
glass.  This  glass,  be  it  the  receiver  in  the  still  or  the  thermometer  used 
during  crystallization,  is  treated  with  hot  chromic  acid  solutions  with 
subsequent  washing  with  distilled  water. 

As  regards  the  methods  of  analysis  used,  a  few  words  may  be  in  place. 
The  silver  test  for  chloride  works  in  the  presence  of  excess  of  nitric  acid, 
the  latter  preventing  the  formation  of  silver  oxide.  The  barium  test  can 
be  used  for  the  detection  of  sulfuric  acid.  Another  qualitative  test  which 
is  applied  is  the  evaporation  of  the  solution  to  dryness  in  a  platinum 
evaporating  dish  to  see  if  a  non-volatile  residue  remains. 

The  amount  of  acid  present  in  hydrogen  peroxide  solutions  can  be 
measured  in  the  ordinary  way  with  phenolphthalein  as  indicator,  the 
hydrogen  peroxide  having  no  effect  on  the  end-point  up  to  20%  con- 
centration. 

The  strength  of  hydrogen  peroxide  was  measured  by  means  of  potas- 
sium permanganate  solutions,  carefully  standardized  by  means  of  several 
samples  of  potassium  tetra-oxalate  of  known  purity.  The  use  of  potas- 
sium permanganate  is  objectionable  in  the  presence  of  foreign  substances, 
but  gives  perfect  results  in  the  case  of  pure  aqueous  solutions. 
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The  experiments  dealing  with  anhydrous  hydrogen  peroxide  which  will 
be  described  later  on  were  carried  out  with  a  sample  which  had  been 
obtained  after  many  crystallizations  as  described  above.  The  analysis 
of  the  final  product,  about  200  g.,  was  carried  out  in  this  fashion.  Por- 
tions weighing  between  0.2  and  0.5  g.  were  transferred  to  a  carefully 
weighed  weighing  bottle.  This  was  weighed  to  0.1  mg.,  the  contents 
diluted  with  water  and  then  transferred  into  an  Erlenmeyer  flask.  The 
weighing  bottle  was  washed  out  a  number  of  times,  the  solution 
diluted  to  some  500  cc.  and  the  requisite  amount  of  sulfuric  acid  added. 
The  permanganate  solution  was  then  added  to  the  end-point,  obtained 
under  the  same  conditions  as  the  conditions  of  standardization.  One  cc. 
of  permanganate  solution  corresponded  to  0.005070  g.  of  hydrogen  per- 
oxide, and  hence  the  concentration  could  be  determined  to  one  part  in 
3000.  The  following  percentages  of  hydrogen  peroxide  were  obtained 
when  the  end  product  of  all  the  crystallizations  was  analyzed:  100.02%, 
99.89%,  99.91%,  99.90%  and  99.94%.  It  may  be  stated  here  that  it 
was  the  above  sample  which  was  used  in  the  determination  of  the  physical 
constants  as  will  be  described  further  on. 

Bruhl,1  chiefly  interested  in  determining  its  refractive  index,  prepared 
hydrogen  peroxide  by  concentration  alone  (that  is,  continued  evaporation 
in  vacuo)\  his  best  sample,  he  claimed,  showed  99.2%  peroxide.  Apart 
from  the  great  losses  attending  this  method,  it  is  doubtful  whether  com- 
plete separation  from  water  based  on  a  fractional  distillation  method  is 
possible;  one  need  only  draw  attention  to  the  futility  of  attempting  to 
prepare  anhydrous  ethyl  alcohol  or  anhydrous  sulfuric  acid  by  distillation. 
Bruhl  determined  the  refractive  index,  density  and  freezing  point.  These 
were  the  only  properties  of  pure  hydrogen  peroxide  known  up  to  the  pres- 
ent to  which  any  reliability  whatever  could  be  attached,  and  the  values 
obtained  by  Bruhl  will  be  referred  to  later  on  in  comparison  with  those 
obtained  by  the  authors. 

The  work  described  so  far  may  be  summed  up  as  follows.  Starting 
with  commercial  3%  hydrogen  peroxide  solutions,  containing  many  im- 
purities, it  has  been  shown  how  the  pure  hydrogen  peroxide  can  be  iso- 
lated. The  methods  present  several  novel  features,  and  a  50%  yield  of 
pure  hydrogen  peroxide  is  possible.  In  view  of  what  has  been  said  it  is 
probable  that  the  end  product  obtained  was  purer  than  any  previous 
preparation. 

Properties. 

Freezing  Point. — Bruhl  had  found  that  the  freezing  point  of  his  per- 
oxide was  — 2.00.    The  value  found  by  the  authors  was  0.3  °  higher, 
namely,  — 1.700.    The  determination  was  made  by  means  of  a  Beckmann 
thermometer  which  was  directly  immersed  in  some  of  the  pure  peroxide 
1  Bruhl,  Bcr.,  28,  2854  (1895). 
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placed  in  a  test-tube.  The  proximity  of  the  freezing  point  of  hydrogen 
peroxide  to  the  freezing  point  of  water  made  the  calibration  of  the 
Beckmann  thermometer  a  simple  matter. 

The  freezing  point  of  a  96.7%  peroxide  solution  was  also  determined, 
and  found  to  be  — 4.00  °.  Inserting  these  2  values  in  the  freezing-point 
curve,  determined  in  a  former  piece  of  work,1  it  will  be  seen  that  dt/dc 
decreases  with  increased  concentration. 

Hydrogen  peroxide  can  be  supercooled  more  readily  than  water;  a  tem- 
perature of  — 30  °  has  been  reached  before  the  solid  phase  separated  out. 

Density. — The  density  of  liquid  hydrogen  peroxide  was  determined 
by  the  dilatometer  method.  A  bulb  having  a  capacity  of  about  10  cc. 
was  blown  at  the  end  of  a  capillary  tube  which  was  graduated  in  mm. 
One  cm.  length  of  this  capillary  tube  was  found  to  correspond  to  a  vol- 
ume of  0.09627  cc.  It  was  therefore  easy  to  calibrate  the  volume  of  one 
part  in  10,000.  The  position  of  a  meniscus  between  two  millimeter 
marks  w$s  found  by  means  of  a  microscope  with  a  scale  and  cross  hair 
in  the  eye-piece,  with  an  accuracy  of  one  part  in  20.  The  bulb  and  stem 
were  immersed  in  a  glass-walled  thermostat  whose  temperature  could  be 
regulated  to  0.1  °.  The  reading  of  the  meniscus  was  naturally  taken  while 
the  bulb  was  immersed  in  the  thermostat. 

The  calibration  was  carried  out  with  water  after  the  bulb  had  been  well 
seasoned.  Water  was  deemed  preferable"  to  mercury  because  of  the  exact 
similarity  of  its  meniscus  to  that  of  hydrogen  peroxide,  thus  making  un- 
necessary any  corrections.  The  bulb  could  be  easily  filled  with  liquid 
by  means  of  a  glass  tube  drawn  out  into  a  fine  capillary. 

The  densities  tabulated  below  were  corrected  to  a  vacuum.  The  total 
weight  of  the  liquid  in  the  bulb  was  15.2575  g. 


Temperature.                                         Volume. 
°C.                                                      Cc. 

Density. 

— 12.13                                             IO.3272 

1 -4774 

—  9.8o                                            10.3436 

1.475* 

—  8.38                                            IO.3561 

1  4733 

—  6.23                                            10.3754 

1  -4705 

—  2.85                                             I0.3973 

1 .4674 

—  O.53                                             10.4235 

1  4638 

+O.10                                            IO.4295 

1. 4631 

I.20                                            10.4379 

1. 4617 

300                                            IO.4523 

1  4597 

555                                             IO.4716 

« 

1  4570 

8.30                                            IO.4928 

1  -4541 

12.60                                            IO.5294 

1.4490 

15  30                                            I0.5476 

14465 

19.90                                            IO.5814 

1. 4419 

The  graph  (Fig.  2)  shows  the  variation  of  the  density 

with  the  tem- 

perature,  the  decrease  in  density  per  degree 

rise  being  0 

001075  on  the 

1  See  graph.    O.  Maass  and  0.  W.  Herzberg,  This  Journal  4*»  2570  (1920). 
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average.  It  is  evident  that  the  temperature  coefficient  is  very  large  when 
compared  to  that  of  water.  The  possible  source  of  error  which  at  once 
suggests  itself  is  a  slight  decomposition  during  the  course  of  the  measure- 
ment, the  resulting  bub- 
bles of  oxygen  adhering 
to  the  sides  of  the  tube. 
In  the  first  place,  not 
the  smallest  sign  of  such 
a  bubble  was  visible.  A 
large  number  of  the 
density  determinations 
were  made  at  successive 
lower  temperatures  and 
a  slight  decomposition 
would  result  in  a  tem- 
perature  coefficient 
smaller  than  the  true 
one  being  found.  The 
value  at  +o.i°  was  ob- 
tained first,  and,  after 
the  other  densities  had 
been  determined,  the 
temperature  was  read- 
justed to  the  proximate 
temperature— 0.53 °.  As 
is  seen  from  the  values  of  the  2  densities  at  these  2  temperatures  no 
possible  change  in  volume  could  have  been  caused  by  decomposition 
during  the  course  of  the  experiments. 

As  was  mentioned  above,  Briihl  determined  the  density  of  his  hydrogen 
peroxide.  His  value  at  o°  of  1 .4584  is  the  closest  to  those  obtained  above, 
viz.,  1.4632  at  o°.    His  other  determinations  are  obviously  inexact. 

Brfihl's  values. 

Density. 

1.4584 
I  3955 
t .4262 
I  4392 
1. 4371 


\ 

! 

\ 

i 

1    .    ■ 
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\ 

\. 

I4tl 

\ 

\ 

1.451 
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^ 





— 

1441 

1 —    _..    .  j 

-15* 


-W 


TEMPERATURE      C 

Fig.  2. 


'ii* 


Temperature. 
O 
14 

18.7 
19.6 
20.4 


It  might  be  well  to  insert  here  the  values  for  the  densities  of  hydrogen 
peroxide — water  mixtures;  determined  at  a  much  later  date  with  freshly 
prepared  samples  of  hydrogen  peroxide.  The  densities  were  determined 
at  2  temperatures,  o°  and  180,  the  method  employed  being  the  same  as 
the  one  described  above. 
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HA, 

1  O.00 
10.57 

40.14 
56.70 
61 .20 

73.44 
84.86 
90.42 
98.89 


Density. 


0°. 

18°. 

0.99987 

O.99862 

I .0419 

I .0372 

I .0894 

I. 0815 

1.1655 

I. 1552 

1.2404 

I  .2270 

1 .2610 

I.2465 

1 .3235 

I. 307I 

1 .3839 

I .3662 

I. 4144 

I   3955 

1.4596 

I.4404 

Temperature 
coefficient. 

O.OOOO7 

O.000268 

0.000437 

O.OOO573 

O.OOO744 

O.OO0815 

0.000921 

O.OO0980 

0.OOIO50 

0.001067 


140 


130 


In  Fig.  3  these  results  are  shown  graphically. 

These  data  are  of  value  in  checking  up  the  value  for  the  density  of  100% 
hydrogen  peroxide  for  a  calculation  shows  that  1.4633  at  o°  and  1.4442  at 
180  are  the  value  for 
the  anhydrous  perox- 
ide. It  is  seen  also 
how  the  temperature 
coefficient  increases 
uniformly  from  that 
of  pure  water  0.00007 
to  that  of  the  pure 
peroxide  0.001075. 

Density  of  Solid 
Hydrogen  Peroxide. 
— Crystals  of  hydro- 
gen peroxide  sink  to 
the  bottom  when 
formed  in  the  liquid, 
and  give  the  impres- 
sion of  being  much 
denser  than  the 
liquid.  The  actual 
density  of  the  solid 
determined  as  follows. 
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Fig  3. 


The  hydrogen  peroxide  in  the  dilatometer  bulb 
was  cooled  until  crystals  formed.  Most  of  these  were  allowed  to  melt 
and  then  the  bottom  of  the  bulb  was  gradually  immersed  in  a  freezing 
mixture  kept  at  a  constant  temperature  several  degrees  below  the  freez- 
ing point  of  the  peroxide.  The  rate  of  immersion  was  timed  to  equal  the 
rate  of  solid  formation  until  all  the  bulb  and  a  portion  of  the  capillary 
were  immersed  in  the  freezing  mixture.  This  insures  the  complete  solid- 
ification without  strain  of  the  hydrogen  peroxide  in  the  bulb.  The  bulb 
was  kept  in  the  freezing  mixture  for  one  hour,  the  height  to  which  the  solid 
came  in  the  capillary  and  the  position  of  the  meniscus  of  the  liquid  por- 
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tion  in  the  capillary  being  carefully  measured.  The  mean  temperature 
of  this  liquid  portion  being  known,  its  weight  can  be  calculated  because 
the  volume  it  occupies  in  the  capillary  is  known.  The  weight  of  that 
portion  of  the  hydrogen  peroxide  which  is  in  the  solid  form  (by  far  the 
largest  portion)  is  then  found  by  difference,  and  as  its  volume  is  also  known 
by  the  position  of  the  top  of  the  solid  in  the  capillary,  the  density  of  the 
solid  follows  directly.  The  determinations  were  made  ab  initio  at  2  tem- 
peratures of  the  freezing  mixture. 

Temperature  of  tolid.  °  C.  Density  of  solid. 

—445  I.6434 

—7  .45  I  6437 

There  is,  therefore,  a  contraction  of  about  1 1%  on  solidification. 
Viscosity. — The  impression  seems  to  prevail  that  highly  concentrated 
solutions  of  hydrogen  peroxide  are  thick,  viscous,  syrupy  liquids,    al- 
though no  measurements  of  viscosity  had  been  made.    It  was  therefore 

rather  surprising  to  note  the 
results  obtained  when  the  vis- 
cosity of  pure  hydrogen  peroxide 
was  measured  with  the  aid  of  an 
Ostwald  viscosimeter. 

The  values  of  viscosity  tabu- 
lated below  are  given  in  absolute 
units. 

Temperature.    °C.  Viscosity. 

O.04  0.01828 

II.90  O.OI456 

12.20  O.OI447 

19.60  O.OI272 

The  graph,  Fig.  4,  shows  the 
variation  of  viscosity  with  the 
temperature.  For  purposes  of 
comparison,  the  viscosity  curve 
for  water  is  plotted  alongside  that 
for  hydrogen  peroxide.  At  o° 
the  viscosity  of  hydrogen  per- 
oxide differs  only  slightly  from 
that  of  water. 

The  viscosities  of  hydrogen- 

20°  peroxide-water    mixtures    were 

also  determined  at  a  later  date 

with  the  samples  with  which  the 

densities  of  these  mixtures  had 

From  the  values  obtained,  it  was  seen  that  0.01828  at 
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Fig.  4. — Viscosity-temperature  curves  for 
hydrogen  peroxide  and  water. 


been  determined. 

o°  and  0.01307  at  18 


were  the  correct  values  of  100%  peroxide. 
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H,Oi. 


Viscosity. 


0°.  18°. 

O.OO                    O.OI778  O.OIO54 

5.71                     O.OI762  O.OIO61 

II. 21                     O.OI740  O.OIO66 

I4-98                     O.OI734  O.OIO72 

22.33                0.01758  0. 01 105 

34  05  t                                          O.O1805  O. OI 157 

44.83                     O.O1846  O.OI204 

52.49  O.O1876  O.OI235 
59.62                     O.OI9OO  O.OI266 

68.50  O.OI938  O.OI285 
75.03  O.OI929  O.OI292 
83.15  O.OI909  O.O1300 
89.47  O.O1873  O.OI3OI 
98.89                     O.O1828                     

Fig.  5  shows  these  results  graphically.  It  will  be  seen  that  at  o°  there 
is  a  marked  minimum  at  15%  and  a  maximum  at  70%.  At  a  higher  tem- 
perature, this  maximum  and  minimum  degenerate  into  discontinuities. 
The  molecular  compound  2H2O.H2O2  has  been  shown  to  exist1  but  this 
corresponds    to    a    48.6% 


0.019 


0.016 


0.017 


>-  0.013 


0.012 


0.011 


0.010 


concentration.    Certainly  a 
study   of  binary  mixtures 
does  not  seem  to  have  es- 
tablished that  a  maximum 
or  minimum  in  the  viscosity 
curve  indicates   the  exist- 
ence of  a  compound  of  the 
composition  indicated.  The 
viscosity-  concentration 
curve  of  iso-amyl  alcohol- 1: 
formamide2  is  an  example  o 
of  a  system  showing  a  simi-  ? 
larity  to  the  hydrogen-per- 
oxide-water curve  at  o°. 

Surface  Tension. — The 
principal  interest  attached 
to  the  determination  of  the 
surface  tension  of  a  sub- 
stance in  the  past  was  not 
in  the  absolute  value  of  this  constant,  but  rather  in  its  variation  with  the 
temperature  in  order  that  some  clue  might  be  found  as  to  the  molecular 
complexity  of  the  liquid  molecules.  Recently  some  doubt  has  been  thrown 
on  the  validity  of  this  conception. 

1  O.  Maass  and  O.  W.  Herzberg,  This  Journal  42,  2570  (19 10). 

*  Z.  Drucker,  Z.  physik.  Chem.,  76,  371  (191 1). 
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The  surface  tension  of  hydrogen  peroxide  was  measured  by  means  of 
the  capillary  rise  method,  an  apparatus  being  used  similiar  to  the  one 
described  by  Richards.1  The  wide  arm  of  the  tube  was  only  2.5  cm.  in 
diameter  so  it  was  considered  best  to  calibrate  the  capillary  by  measuring 
the  surface  tension  of  water.  The  angle  of  contact  which  hydrogen  per- 
oxide makes  is  very  small;  as  far  as  could  be  judged  by  means  of  a  micro- 
scope, the  angle  is  zero. 

Temperature.  °  C.  Density.  Surface  tension  in  dynes. 

0.2  I.4630  78.73 

6.2  14564  7779 

II. o  1. 4512  77  51 

13  9  1. 4481  76.47 

18.2  1-4434  75  94 

The  variations  of  surface  tension  with  the  temperature  are  plotted 
graphically  (Fig.  6).  For  purposes  of  comparison,  the  surface  tension  of 
water  and  its  variation  with  the  temperature  is  plotted  alongside. 

On  the  assumptions  made  by  Ramsay  and  Shields,  the  association  of 
hydrogen  peroxide  would  then  be  given  by  the  following  equation 

.4630/  7594\i.4434/     _ 


78.73 


(34 


18. 2C 


0.2 


O.923. 


k>  the  association  of  hydrogen  peroxide  is  therefore  I  — '■ —  y*  =  3.48. 
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value  for  water  is  3.58. 

The  surface  tension  of  hydro- 
gen peroxide  is  therefore,  slightly 
greater  than  that  of  water  and 
the  association  as  calculated  from 
the  variation  of  surface  tension 
with  temperature  is  slightly  less. 

The  similarity  between  the  sur- 
face tensions  of  pure  hydrogen 
peroxide  and  water  has  a  certain 
significance  in  the  light  of  recent 
work  on  surface  tension  by  Lang- 
muir2  and  Harkins.8  Evidently 
the  peroxide  and  water  molecules 
are  orientated  in  exactly  the 
same  way  at  the  surface,  and 

1  T.  W.  Richards  and  L.  B.  Coombs* 
This  Journal,  37, 1656  (1915)* 

1 1.  Langmuir,  ibid.,  30, 1848  (1917). 

*  W.  D.  Harkins,  E.  C.  H.  Davies 
and  G.  L.  Clark,  ibid.t  39,  541  (1917)- 
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from  that  point  of  view  also  it  might  have  been  predicted,  when  their  com- 
position is  taken  into  account,  that  pure  hydrogen  peroxide  would  have 
a  slightly  greater  surface  tension  then  water. 

As  a  means  of  checking  up  the  surface  tension  of  pure  hydrogen  peroxide, 
the  surface  tensions  of  various  concentrations  were  measured  at  2  tem- 
peratures. 

Atoc 


At  18 


H,0,.  % 

Surface  toniioii  (dynes) 

O.OO 

75.49 
75.91 

12.54 

18.17 

76.04   • 

27.22 

76.26 

3458 

76.55 

56.06 

77.31 

59.27 

77  38 

86.31 

78.30 

0 O.OO 

72.82 

12.78 

7322 

23.70 

7351 

28.14 

73.67 

44-31 

74-13 

5927 

74.67 

60.83 

74.73 

79.0I 

75  29 

90.66 

75  67 

■«0 

UJ 


As  Fig.  7  shows,  the  surface  tensions  vary  in  a  regular  expected  manner, 
confirming  the  values  of  78.76  dynes  at  o°  and  75.99  dynes  at  18 °f  ob- 
tained from  the  pure  100% 
peroxide. 

Specific  Heat  of  Liquid 
Hydrogen  Peroxide.  Speci- 
fic Heat  of  Solid  Hydrogen 
Peroxide.    Latent  Heat  of 
Fusion  of  Hydrogen  Per 
oxide. — The    measuremem 
of  the  above  constants  ofz 
hydrogen    peroxide    p  r  e  -  § 
sented  certain  experimental  5 
difficulties.      Its    chemical  ^ 
nature  is  such  that  it  must  g  74 
not  be  allowed  to  come  in  | 
contact  with  anything  ex- 
cept glass.    It  was  therefore 
decided  to  use  the  following 
method.    A  bulb,  B  (Fig.  8), 
was  sealed  at  the  end  of  a 
long  glass  tube,  A,  of  small 
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Fig.  7  — Surface  tension  curves  for  aqueous  H|Ot 
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diameter,  and,  by  means  of  a  long  drawn-out  capillary,  some  10  g.  of  per- 
oxide was  transferred  into  the  bulb  and  weighed  accurately.  The  bulb  and 
a  definite  portion  of  the  stem  was  then  cooled  to  a  known  temperature  by 
placing  it  in  a  metal  Tube  R,  which  latter  was  placed  in  a  constant  tempera- 
ture mixture,  H.  Some  phosphorus  pentoxide  placed  at  E  and  separated 
by  a  gauze  frQm  the  bulb,  B,  presented  the  deposition  of  moisture  on  B. 
When  sufficient  time  had  elapsed  for  thermal  equilibrium  to  set  in,  the 
bulb  was  quickly  transferred  into  the  inner  vessel  of  a  Richards'  adiabatic 
calorimeter  and  the  temperature  changes  measured  in 
the  usual  way.  It  was  considered  advisable  not  to 
seal  the  hydrogen  peroxide  into  a  bulb  so  that  if  by 
chance  any  decomposition  should  occur,  an  explosion 
would  be  avoided. 
If  H  is  the  heat  given  by  the  calorimeter 

H  =  tns(t  —  t')  +  k(t—t')  H, 

where  5  is  the  specific  heat  of  the  hydrogen  peroxide, 
m  its  mass,  t'  the  initial  and  /  the  final  temperature,  R- 
and  k  a  constant  involving  the  specific  heat  of  the  glass 
bulb  and  the  mass  of  glass  immersed  in  the  calorim- 
eter. The  constant  k  was  determined  in  2  separate  ex- 
periments by  going  through  the  procedure  described 
above  with  the  bulb  empty.  This  value  of  k  was 
also  determined  by  filling  the  bulb  with  a  substance 
having  a  known  specific  heat  (water).  All  the  values 
of  k  agreed  to  within  a  few  per  cent.,  the  mean  value 
coming  out  to  be  2.19.  Then  finally  to  test  the  ac- 
curacy of  the  method  a  weighed  quantity  of  water  was 
frozen  in  the  bulb  and  the  latter  placed  in  a  carbon 
dioxide-ether  bath  (—78.2°).    Taking  the  latent  heat  Fig*  8' 

of  ice  as  being  80  calories,  the  specific  heat  of  ice  came  out  to  be 
0.460,  which  is  in  fairly  good  agreement  with  the  value  0.470  obtained 
by  others  for  the  specific  heat  of  ice  in  that  temperature  range. 
The  values  found  for  the  specific  heat  of  the  liquid  are  given  below. 


Temperature  range. 
°C. 

O.O  to  18.5 

0.0  to  18.5 

— 32  .O  to  18.0 


Lowering  of  temperature 

in  calorimeter. 

°C. 

O.3520 

0.3565 

O.9480 


Specific  heat. 
0.5730 
O.584I 
0.5697 


The  figures  for  the  lowering  of  the  temperature  in  the  calorimeter  are 
given  in  order  that  the  accuracy  of  the  method  may  be  judged.  Evidently 
the  experimental  error  is  about  2%.  In  determining  the  last  value  given 
above  the  hydrogen  peroxide  was  carefully  cooled  down  in  order  to  pre- 
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vent  it  from  freezing.    As  constant  temperature-bath,  there  was   em- 
ployed an  ether-bath  described  elsewhere.1 

The  specific  heat  of  the  solid  and  latent  heat  of  fusion  of  hydrogen  per- 
oxide were  determined  by  means  of  the  same  apparatus.  The  hydrogen 
peroxide  was  first  of  all  frozen  and  then  kept  for  a  long  time  at  a  con- 
stant temperature  well  below  its  freezing  point.  By  varying  this  initial 
•temperature,  at  which  the  frozen  peroxide  was  kept,  in  a  number  of  ex- 
periments it  was  possible  to  determine  both  specific  heat  and  latent  heat 
by  combining  the  results  of  these  several  experiments. 

The  relation  between  the  heat  H  given  up  by  the  calorimeter  and  the 
various  factors  governing  the  absorption  of  this  heat  by  the  bulb  and 
contents  is  given  by  the  following  expression: 

H  =  ms(t  —  *')  +  tnL  +  ms'(?  —  t")  +  *(*'  —  /"), 
where  m  is  the  weight  of  hydrogen  peroxide  in  the  bulb  (8.995  %-) 

$  the  specific  heat  of  the  liquid  (0.579), 

t    the  final  temperature, 

t'  the  melting  point  of  hydrogen  peroxide  ( — 1.70), 

$'  the  specific  heat  of  the  solid, 

k  the  constant  of  the  bulb  (2.19), 

%"  the  initial  temperature  at  which  the  frozen  hydrogen  peroxide 
had  been  kept. 

Lowering  of  temperature 
t.  in  calorimeter. 

•C.  °C.  S'. 

.O  16.87  2.124  O.4636 

2 — 9.0  18.87  2.I09  0.4767 

3 —57-2  16.07  2.909              

4 —30.5  16.47  2.556              

By  combining  Experiments  1  and  3  and  Experiments 
2  and  4,  two  values  of 'each  of  the  constants  S'  and  L 
can  be  calculated  from  the  experimental  data.  The 
specific  heat  of  the  liquid  is  0^79,  that  of  the  solid  0.470, 
and  the  latent  heat  of  fusion  74  calories.  These  last  2 
values  are  probably  correct  to  within  4%. 

Refractive  Index. — The  refractive  index  of  the  pure 
hydrogen  peroxide  was  determined  last  of  all.  Analysis 
of  the  purity  of  the  sample  showed  that  it  was  99.91% 
pure.  The  method  employed  was  the  measurement  of 
the  "angle  of  least  deviation."  ;i    j 

For  this  purpose  a  special  hollow  prism  was  made. 
A  thick-walled  glass  tube  about  3   cm.   long,    1.5   cm. 
diameter  was  rounded  off  at  the  bottom  and  2  sides 
were  ground  out  of  the  walls  making  an  angle  of  about         Fig.  9. 
1  Mcintosh  and  Maass,  This  Journal,  35,  536  (19 13). 
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60  °.  Two  plates  of  optical  glass  edges  were  cemented  on  the  outside  so 
that  the  hydrogen  peroxide  did  not  come  in  contact  with  the  cement. 
The  accompanying  diagram  (Fig.  9)  gives  an  idea  of  the  prism  when 
viewed  from  the  top  and  the  front  (plan  and  elevation).  Sodium  light 
was  used  throughout  the  measurements. 

Temperature.  Angle  of  minimum      Refractive 

Substance.  *  C.  Prism  angle.  deviation.  index. 

Hydrogen  peroxide 22  57  •  54'  27  •  54'  1 .4140 

Hydrogen  peroxide 22  57  •  54'  27  °  53'  1 .4138 

Solution  of  hydrogen  peroxide 

96.81% 24  56°  58^'  270    4SA'  1.4043 

Water 25  560  581/*'  2i°55l/t'  1  333<> 

The  prism  was  taken  apart  and  cleaned  after  the  first  2  experiments 
described  above  had  been  made;  hence  the  slight  change  in  the  prism 
angle.  The  refractive  index  of  water  was  measured  in  order  that  the 
accuracy  of  the  measurements  might  be  tested.  The  value  1.3330  ob- 
tained is  in  excellent  agreement  with  the  recognized  value. 

The  refractive  index  was  one  of  the  few  measurements  which  Bruhl 
undertook  to  make;  as  a  matter  of  fact,  this  measurement  was  really  the 
sole  object  of  his  research.  The  values  he  obtained  range  from  1.4005 
to  1.4069,  indicating  that  his  purest  sample  may  have  been  only  98% 
at  the  time  of  measurement. 

The  interest  in  the  refractive  index  lies  principally  in  the  fact  that  this 
physical  property  is  both  a  constitutive  and  an  additive  one  for  atoms. 
That  is,  the  property  depends  both  on  the  atom  and  the  nature  of  its 
linkages  to  other  atoms.  For  purposes  of  comparison,  the  molecular 
refractive  power  of  a  substance  is  calculated  by  means  of  the  Lorenz- 
Lorentz  formula 

J?  —  n* —  I  m 
"  n*  +  2  d 

where  R  is  the  molecular  refractive  power,,  m  the  molecular  weight,  d 
the  density  and  n  the  refractive  index. 

Substance.  Density.  Refractive  index.  R. 

Hydrogen  peroxide 1 .4403  1 .4139  5 .900 

Water 0.0973  1 -3330  3-715 

Bruhl  of  course  obtained  a  lower  value  for  R. 

Following  Bruhl's  reasoning  in  determining  the  constitution  of  hydro- 
gen peroxide,  but  using  the  figures  obtained  by  the  author: 

R  for  water,  H.OH  is    3 .715 
R  for  hydrogen,  H  is     1 .050 

R  for  hydroxyl,  OH  is  2 .665 
Hence,  if  hydrogen  peroxide  had  the  constitution  given  by 

HO  — OH 
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jR  for  hydrogen  peroxide  would  be  5.33.  The  fact  that  the  experimental 
value  is  higher,  points  to  unsatur&tion.  Hence  Briihl  proposed  the  con- 
stitutional formula 

HO  =  OH 
in  which  there  are  2  quadrivalent  oxygen  atoms.  Now,  the  value  for 
the  molecular  refractive  power  of  quadrivalent  oxygen  has  been  measured 
by  Miss  Homfray1  in  a  number  of  salts  of  pyrone  where  oxygen  is  sup- 
posed to  be  quadrivalent.  Miss  Homfray's  value  for  quadrivalent  oxy- 
gen, R  is  2.55  and,  if  this  value  is  correct,  the  molecular  refractive  power 
of  hydrogen  peroxide  containing  2  quadrivalent  oxygen  atoms  would  be 
much  larger  than  the  experimental  value  obtained. 

Miscellaneous  Facts  about  Anhydrous  Peroxide. — An  attempt  was 
made  to  determine  the  crystal  form  of  hydrogen  peroxide.  The  crystals 
in  contact  with  air  take  up  moisture  even  at  a  temperature  of  — io°, 
so  that  a  special  apparatus  is  being  built  which  will  make  it  possible  to 
measure  the  angles  between  2  faces  of  a  "growing"  crystal. 

The  dielectric  constant  for  hydrogen  peroxide  has  been  extrapolated 
by  Calvert2  from  a  value  determined  for  a  45%  solution.  The  accuracy 
of  this  extrapolation  is  very  doubtful  and  the  dielectric  constant  of  the 
pure  hydrogen  peroxide  is  now  being  measured.  An  apparatus  has  also 
been  devised  by  means  of  which  the  conductivity  of  pure  hydrogen  per- 
oxide and  of  solutions  of  salts  in  hydrogen  peroxide  can  be  measured. 

The  impression  seems  to  prevail  that  hydrogen  peroxide  is  very  soluble 
in  ether  and  ether  extraction  has  been  used  as  a  method  of  concentration. 
Briihl  in  his  paper  refers  to  his  non-success  in  making  use  of  this  method 
of  concentration.  In  this  connection  the  interesting  observation  was 
made  by  the  authors  that  apparently  pure  hydrogen  peroxide  and  anhy- 
drous ether  are  only  slightly  soluble  in  one  another.  In  an  experiment,  a 
small  amount  of  hydrogen  peroxide  was  shaken  up  with  a  larger  volume 
of  ether  without  an  appreciable  visible  change  in  the  relative  volumes. 

Pure  hydrogen  peroxide  dissolves  various  neutral  salts  readily,  and  at 
high  temperatures  it  apparently  acts  on  glass  with  resulting  decomposi- 
tion, this  fact  rendering  the  direct  measurement  of  the  boiling  point  im- 
possible until  a  suitable  container  has  been  found. 

Pure  hydrogen  peroxide  coming  in  contact  with  wood  decomposes. 
The  presence  of  even  a  small  amount  of  acid  in  the  hydrogen  peroxide 
causes  this  action  to  become  so  violent  that  the  wood  catches  fire.  Hydro- 
gen peroxide  also  decomposes  when  brought  in  contact  with  most  metals; 
the  pure  hydrogen  peroxide  does  not  do  so  explosively.  However,  a 
small  piece  of  metallic  sodium  caused  an  "intense"  explosion  when  brought 
in  contact  with  a  few  drops  of  pure  hydrogen  peroxide. 
1  Miss  Homfray,  J.  Chem.  Soc.,  87,  1443  (1905). 
*  Calvert,  Ann.  chim.  phys.,  4,  483  (1900). 
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Other  observers  have  mentioned  the  effect  of  strong  hydrogen  peroxide 
solutions  on  the  skin.  The  following  observations  were  made  when  a 
drop  of  pure  hydrogen  peroxide  was  brought  in  contact  with  the  skin  of 
the  hand.  A  violent  decomposition  of  the  peroxide  occurred,  and  the 
skin  became  absolutely  white.  No  blister  was  formed,  but  the  skin  had 
the  appearance  of  being  loose.  No  pain  at  all  was  felt  although  dilute 
solutions  give  burns  accompanied  by  the  sensation  of  pricking  needles. 
But  the  most  remarkable  feature  of  all  was  that  after  3  or  4  hours  not 
a  mark  was  left  on  the  spot  where  the  hydrogen  peroxide  had  been  ap- 
plied, although,  immediately  after  application,  the  appearance  of  the 
skin  was  sickening.  Apparently  the  living  tissue  had  not  been  hurt  in 
the  slightest.  On  the  other  hand,  dead  tissue  is  destroyed  and  removed 
by  the  pure  peroxide. 

As  regards  the  decomposition  of  hydrogen  peroxide  solutions,  experience 
has  shown  that  pure  aqueous  solutions  in  a  suitable  container  will  keep 
indefinitely.  Decomposition  is  caused  by  foreign  substances  getting  into 
the  solution  and  stronger  solutions  seem  to  be  capable  of  destroying,  in 
many  cases,  such  impurities  before  they  start  the  decomposition;  hence, 
the  stronger  a  solution  is  the  better  it  "keeps."  A  "neutral"  salt  such 
as  chemically  pure  sodium  chloride  does  not  in  itself  cause  the  slightest 
decomposition,  but  its  presence  seems  to  augment  any  decomposition 
caused  by  a  second  impurity.  A  salt  consisting  of  a  strong  base  and 
weak  acid,  or  vice  versa,  causes  decomposition  to  take  place  and  the 
mechanism  of  many  so-called  catalyzers  can  be  traced  back  to  this  cause. 
Anti-catalyzers  were  investigated  and  found  to  consist  in  every  case  of 
catalyzer-destroyers;  that  is,  pure  hydrogen  peroxide  does  not  decompose 
and  the  function  of  anti-catalyzers  consists  solely  in  destroying  or  render- 
ing catalyzers  innocuous. 

Pure  anhydrous  hydrogen  peroxide  does  not  decompose  when  kept  at 
o°.  Strong  solutions  even  had  the  reputation  of  being  highly  explosive, 
but  the  apparent  stability  of  the  anhydrous  substance  soon  caused  the 
precautions  which  were  initially  taken  to  be  relaxed.  It  must  be  stated, 
however,  that  in  spite  of  the  apparent  stability  of  the  pure  hydrogen  per- 
oxide, all  precautions  are  well  worth  taking. 

An  investigation  of  the  chemical  properties  of  anhydrous  peroxide  and 
of  the  physical  properties  indicated  in  the  last  few  paragraphs  is  being 
carried  out  at  the  present  time,  and  a  discussion  of  the  probable  con- 
stitution of  hydrogen  peroxide  had  better  be  left  until  this  investigation 
has  been  completed.  In  this  paper  the  method  of  preparing  absolute 
peroxide  has  been  described  and  in  conclusion,  the  peroxide's  properties 
so  far  determined,  compared  to  the  corresponding  ones  of  water,  are 
tabulated. 
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Physical  constant.                                    Hydrogen  peroxide.  Water. 

Freezing  point — 1 .70°  o° 

Density  of  liquid  at  o° 1 .4633  o  .99987 

Mean  coefficient  of  expansion  — io°  to 

+200 0.00107  0.00000 

Density  of  solid 1 .644  o  .9167 

Specific  heat  of  liquid o  .579  1 .0 

Latent  heat  of  fusion 74  calories  80  calories 

Specific  heat  of  solid o  .470  o  .472 

Surface  tension  o° 78 .7  dynes  75  .5  dynes 

Association  (Ramsay  and  Young)  at  o  ° . . .     3 . 48  .358 

Viscosity  o° 0.01828  0.01778 

Refractive  index  (D)  22  ° 1 .4139  1 .3330 

Molecular  refractive  power  (D) 5  .00  3 .715 

Moktk*al,  Canada. 


[Contribution  from  the  Chemistry  Department  op  McGiix  University.] 

THE  PROPERTIES  OF  PURE  HYDROGEN  PEROXIDE.    II. 

By  O.  Maass  and  O.  W.  Hbrzbbrg. 
Received  September  25,  1920. 

This  second  paper  deals  solely  with  the  freezing-point  curve  of  solu- 
tions of  hydrogen  peroxide  and  water.  These  solutions  were  prepared 
by  concentrating  3%  hydrogen  peroxide  and  purifying  the  resultant  (Con- 
centrated solution  by  means  of  a  distillation.  As  the  only  volatile  im- 
purity contained  by  the  original  solution  consisted  of  a  trace  of  hydro- 
chloric acid,  the  final  product  may  be  looked  upon  as  having  been  pure 
except  for  a  trace  of  this  acid  which  found  its  way  into  the  distillate. 
In  this  way  an  86%  solution  was  obtained. 

In  order  to  obtain  the  freezing  points  of  hydrogen  peroxide-water  mix- 
tures a  weighed  amount  of  this  86%  peroxide  solution  was  placed  in  a 
test-tube.  A  platinum  thermometer,  reading  to  o.i°,  was  immersed  in 
it.  The  temperature  was  lowered  by  means  of  a  suitable  freezing  mix- 
ture until  crystals  formed.  All  but  a  few  of  these  were  allowed  to  melt 
and  then  the  temperature  was  slightly  lowered  until  crystallization  again 
set  in,  the  liquid  in  the  meantime  being  rigorously  stirred.  The  solution 
was  then  allowed  to  warm  up  slowly,  the  freezing  point  being  taken  as 
the  temperature  at  which  the  last  crystals  melted  under  vigorous  stirring. 
The  solution  was  analyzed;  an  adequate  amount  of  water,  sufficient  to 
dilute  the  solution  a  few  per  cent,  was  added,  and  then  the  whole  pro- 
cedure repeated.  In  this  way  the  freezing  points  at  various  concentra- 
tions were  determined. 

The  solutions  between  the  concentrations  40%  and  60%  hydrogen 
peroxide  had  a  tendency  to  supercool  into  a  thick  viscous  mass,  but  when 
allowed  to  stand  at  a  temperature  of  — 90 01  crystallization  started  after 
some  time. 

1  Carbon  dioxide-ether  under  a  vacuum  was  used  as  freezing  mixture  in  this  case. 
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Hydrogen  peroxide. 

Freezing  point 

of  solution. 

°C. 

86 .0 

— 14.O 

.80.45 

— 22  .7 

740 

—32.5 

69.2 

—39.0 

674 

—41 -5 

65  4 

—45.5 

6305 

— 50.0 

61 .14 

—52.5 

58.8 

—54-5 

56.2 

—543 
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The  graph  (Fig.  i)  of  these  results  gives  a  good  idea  of  the  variation  of 
the  freezing  point  with  concentration.  It  \s  seen  that  a  molecular  com- 
pound 2H2O-H2O1  is  formed  corresponding  to  a  composition  48.6%  of 
hydrogen  peroxide. 

Wolffenstein1  had  cooled  down  concentrated  solutions  of  hydrogen  per- 
oxide and  analyzed  the  crystals  formed.  He  came  to  the  conclusion  that  2 
compounds  existed,  represented  by  the  formulas — H20j.H20  and  Hs.Os.tHtO. 
The  freezing  point  curve  gives  no  evidence  for  the  existence  o2  the  former, 
and  it  is  probable  that  the  belief  in  its  existence  was  due  to  the  difficulty 
of  separating  the  solution  completely  from  the  hydrogen  peroxide  crys- 
tals at  low  temperatures.  This  phenomenon  was  considered  in  the  first 
paper  on  hydrogen  peroxide. 

Summing  up :  the  freezing  point  curve  of  hydrogen  peroxide- water 
has  been  determined,  and  one  molecular  compound,  namely,  Ht0s.2H*0, 
with  a  melting  point  of  — 5 1  °,  has  been  shown  to  exist. 

Montreal,  Canada. 
1  Wolffenstein,  Ber.,  27,  3307  (1894). 
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SULFURIC  ACID  CONCENTRATOR  AND  VACUUM  PUMP. 

By  O.  Maass. 
Received  September  25,  1920. 

The  sulfuric  acid  pump  here  described  has  been  designed  for  vacuum 
distillation,  and  is  particularly  adapted  to  the  special  case  where  the  liquid 
to  be  distilled  is  an  aqueous  solution  which  is  to  be  freed,  partly  or 
completely,  from  its  water  content.  When  large  quantities  of  solution 
have  to  be  dealt  with,  and  especially  in  the  case  where  the  formation  of 
appreciable  amounts  of  non-condensible,  or  of  a  corrosive  gas  occurs,  the 
apparatus  described  in  this  paper  will  be  found  to  be  very  efficient. 

The  idea  occurred  to  the  writer  to  use  the  sulfuric  acid  both  as  absorb- 
ent and  evacuating  medium,  employing  the  apparatus  represented  by 
Fig.  1 .  The  part  at  the  left  of  O  is  drawn  on  a  much  larger  scale  and 
shows  how  the  control  which  regulates  the  sulfuric  acid  pump  is  connected 
through  Tube  O  to  the  latter.  A  detailed  description  of  the  control  will 
be  found  elsewhere.1  A'  and  A  are  flasks  which  act  as  the  containers 
of  the  liquid  to  be  concentrated  or  evaporated.  One  or  both  are  half 
filled  by  suction,  the  inlet  tubes  then  being  sealed  off,  or  closed  with 
ground  glass  stoppers.  G  is  the  sulfuric  acid  reservoir,  and  is  filled  to 
level  "a;"  the  inlet  tube  to  G  is  then  also  closed  up.  M  and  F  lead  to 
ordinary  Geissler  suction  pumps.  The  whole  system  is  then  pre-evac 
uated  by  the  Geissler  pump  leading  to  F,  and  when  the  pressure  has 
fallen  to  that  which  the  Geissler  pump  can  conveniently  establish,  the 
control  is  started  and  admits  atmospheric  pressure  to  the  space  above 
the  sulfuric  acid  in  G.  The  sulfuric  acid  rushes  up  through  N  into  B 
and  C,  reaching  the  level  "d"  in  the  latter,  and  driving  all  the  air  in  D 
out  through  the  capillary  tube  at  the  top  of  D  into  E.  Finally  a  portion 
of  the  sulfuric  acid  itself  enters  E  and  acts  as  a  seal;  then  the  downward 
stroke  takes  place.  The  control  shuts  off  access  of  atmospheric  pressure 
to  B  so  that  the  sulfuric  acid  is  drawn  back  into  G,  out  of  C  and  D.  The 
weight  of  the  column  of  sulfuric  acid  between  levels  "ft"  and  V  is  greater 
than  the  pressure  maintained  in  E  by  the  Geissler  pump.  Hence,  the 
sulfuric  acid  '  'breaks"  at  the  top  of  D,  and  in  D  there  is  therefore  a  per- 
fect Vacuum,  which  is  filled  with  gas  and  vapor  from  C,  as  soon  as  the 
sulfuric  add  has  been  lowered  into  N.  C  is  filled  with  glass  rods,  about 
3  mm.  apart  from  one  another,  so  that  a  large  surface  of  sulfuric  acid 
is  left  in  C  and  absorbs  any  water  vapor  coming  from  A,  the  nonabsorb- 
able gases  passing  on  into  D.  The  next  up-stroke  of  the  pump  forces 
these  out  of  D  and  at  the  same  time  renews  the  surface  of  sulfuric  acid 
on  the  rods  in  C. 

Now  the  following  feature  of  the  sulfuric  acid  pump  needs  special  em- 
1  O.  Maass,  This  Journal,  41*  53  (19 19). 


Digitized  by 


Google 


2572  O.   MAASS. 

phasis.  Any  water  vapor  which  gets  into  D  together  with  nonabsorb- 
able gas  is  absorbed  in  the  sulfuric  acid,  while  the  non-absorbable  gas 
is  driven  out.    When  mercury  is    used,  the  latter  will  drive  out  the  gas, 


Fig.  i. 

but  the  water  vapor  condenses  during  the  up-stroke  between  the  walls 
and  the  mercury  and  this  water  is  then  vaporized  on  the  down-stroke  so 
that  in  time  the  gas  pressure  in  the  apparatus  will  be  that  of  water  vapor 
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at  the  temperature  of  the  pump.  In  the  case  of  the  sulfuric  acid,  the 
pressure  will  never  be  greater  than  that  of  the  vapor  pressure  of  sulfuric 
acid  itself. 

C,  D  and  G  are  water-jacketted  to  prevent  the  temperature  of  the 
sulfuric  acid  from  rising  on  account  of  its  water  absorption.  The  circu- 
lation of  the  sulfuric  acid  is  such  as  to  make  this  quite  easy.  The  add 
coming  from  C  is  dilute  and  therefore  lighter  than  that  remaining  in  G, 
and  hence,  on  entering  G,  rises  to  the  top.  On  the  next  up-stroke  the 
denser  acid  in  G,  being  at  the  bottom,  enters  C  first,  so  that  the  sulfuric 
acid  is  kept  thoroughly  mixed  throughout. 

The  height  of  C  and  D  above  G  can  be  varied  anywhere  between  3 
and  5.5  meters,  the  latter  being  approximately  the  barometric  height  in 
terms  of  sulfuric  acid.  The  maximum  height  to  which  the  acid  rises  is, 
of  course,  regulated  by  the  control.  The  apparatus  works  automatically 
so  that  after  being  filled  and  the  control  having  been  started,  it  requires 
no  further  attention. 

The  above  suffices  to  explain  the  mechanism  of  the  pump,  and  the 
next  important  question  to  consider  is  the  relation  between  the  temper- 
ature at  which  the  concentration  is  carried  out,  the  time  it  takes  and  the 
amount  of  acid  used  up. 

In  the  first  pump  which  was  built,  Flask  A  had  a  volume  of  2  liters 
and  was  filled  with  one  liter  of  solution  to  be  concentrated.  Sulfuric 
acid,  Reservoir  G  had  a  column  of  2.5  liters  and  was  filled  with  1.5  liters  of 
95%  commercial  sulfuric  acid.  Heat  for  the  evaporation  was  supplied 
by  the  water-bath  K,  which  was  heated  by  a  Bunsen  burner.  As  soon  as 
a  vacuum  was  established  and  the  sulfuric  acid  pump  in  action,  the  solu- 
tion boiled  so  rapidly  that  when  the  temperature  of  the  water-bath  was 
kept  at  30  °,  the  temperature  of  the  solution  did  not  rise  above  150. 

It  wa9  possible,  with  the  aid  of  the  sulfuric  acid  pump  of  the  small 
dimensions  quoted,  to  evaporate  a  liter  of  water  at  a  temperature  of  20  ° 
in  3  hours,  1.5  liters  of  commercial  sulfuric  acid  being  required. 

Concentrations  can  be  carried  out  at  lower  temperatures  than  200; 
water  at  o°  boils  vigorously.  This  proved  invaluable  when  highly  con- 
centrated hydrogen  peroxide  solutions  were  further  concentrated,  because 
the  low  temperature  at  which  it  was  possible  to  do  so  and  the  small  time 
required  prevented  any  loss  due  to  decomposition. 

The  following  facts  may  be  worth  mentioning.  When  water  is  placed 
in  A  and  the  pump  started  without  heating  the  water,  the  latter  super- 
cools and  then  freezes.  The  ice  formed  continues  to  evaporate  and 
' 'supercools* '  itself  several  degrees  below  the  freezing  point.  If  the  pump 
is  stopped  and  the  acid  withdrawn  into  the  reservoir  and  the  ice  melted, 
the  vacuum  above  it  being  maintained  during  this  procedure,  then  on 
restarting  the  pump,  the  water  can  be  supercooled  to  an  extraordinary 
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degree  before  it  freezes.  After  repeating  this  a  number  of  times,  the 
water  is  de-aerated  to  such  an  extent  that  it  evaporates  without  boiling, 
the  surface  remaining  absolutely  at  rest.  When  freezing  finally  begins 
under  these  conditions,  if  by  chance  ice  formation  starts  in  the  center, 
beautiful  designs  appear  on  the  surface.  At  times  the  surface  is  divided 
into  regular  hexagons  5  cm.  in  diameter.  Occasionally  the  water  has 
been  supercooled  to  such  an  extent  that  8/4  of  the  volume  solidified  imme- 
diately when  crystallization  started.  In  no  case  was  the  flask  broken 
during  the  ice  formation. 

It  has  been  found  advantageous  to  use  another  form  of  sulfuric  acid 
pump  as  a  source  of  vacuum  in  distillations  when  the  products  of  the 
distillation  were  to  be  collected.  In  this  case,  Portion  C  (Fig.  1)  is  dis- 
pensed with,  as  the  primary  object  of  the  sulfuric  acid  is  to  create  a  vacuum 
and  not  to  absorb  the  distillate.  The  distilling  flask  is  connected  to  a 
condensing  coil  and  receiver  surrounded  by  a  freezing  mixture,  a  tube  of 
medium  diameter  replaces  C  and  is  connected  to  the  receiver. 

In  the  case  where  the  distillate  consists  of  an  aqueous  solution,  all  that 
has  been  previously  said  about  the  sulfuric  acid  pump  holds;  for  instance, 
any  vapor  getting  past  the  receiver  into  the  body  of  the  pump  is  absorbed, 
and  therefore  does  not  lower  the  efficiency  of  the  vacuum.  The  relatively 
small  density  of  the  sulfuric  acid  when  compared  to  the  density  of  mer- 
cury, makes  it  possible  to  make  the  volume  of  the  body  of  the  pump 
of  such  a  size  that  its  capacity  is  comparable  to  the  best  rotary  pump. 

In  the  case  of  a  larger  sized  pump,  the  latter  is  best  constructed  out 
of  lead,  and  the  Geissler  pump  used  for  '  'driving  purposes"  replaced  by 
an  electric  pre-evacuator. 

In  some  recent  work  on  tar  sands  carried  out  by  Dr.  Krieble  and  Mr. 
Seyer  at  McGill  University,  it  was  found  that  in  the  fractional  distilla- 
tion of  oil  extracted  from  tar  sands  cracking  could  only  be  avoided  by 
distilling  under  as  low  and  as  constant  a  vacuum  as  possible.  Various 
vacuum  pumps  which  were  tried,  failed  to  give  the  desired  result  prin- 
cipally because  part  of  the  oil  consisted  of  volatile  constituents  which  found 
their  way  past  cooling  coils  and  reduced  the  efficiency  of  the  particular 
pump  used.  The  sulfuric  acid  pump  proved  adequate,  as  the  volatile 
portions  were  absorbed  by  the  sulfuric  acid  without  a  change  in  the 
vacuum  being  noticeable  and  the  vacuum  could  invariably  be  maintained 
for  any  length  of  time  desirable. 

The  preparation  of  pure  hydrogen  peroxide  on  a  large  enough  scale  was 
rendered  possible  only  by  the  sulfuric  acid  concentrator  &nd  the  sulfuric 
acid  pump  described  above. 

Montreal,  Canada 
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THE  HYDROLYSIS  OF  THE  SILICATES  OF  SODIUM.1 

By  Robert  Herman  Bogus.2 

Received  September  25,  1920. 

Introduction. 

An  investigation  of  the  electrical  conductivity  of  solutions  of  sodium 
silicates  was  made  by  Kohlrausch8  in  1893.  He  studied  especially  com- 
pounds of  the  formulas  NasSiOj  and  Na20.34Si02,  and  also  a  solution 
of  sodium  hydroxide  to  which  was  added  increasing  amounts  of  silicic 
acid.  He  found  that  in  dilute  solution  the  metasilicate  conducted  the 
current  very  readily  while  that  same  compound  in  concentrated  solution 
was  a  very  poor  conductor.  This  was  also  true  of  the  more  acid  silicate. 
Kohlrausch  furthermore  found  that  if  a  solution  of  silicic  acid  were  added 
to  one  of  equivalent  concentration  of  sodium  hydroxide,  the  conductivity 
decreased  constantly  until  the  ratio  NaaO :  2SiC>2  was  attained,  beyond 
which  point  no  further  changes  were  observed.  The  conclusions  which 
he  draws  from  these  experiments  are  that  in  concentrated  solutions  the 
extent  of  hydrolytic  or  of  ionic  dissociation  is  very  slight,  while  in  dilute 
solutions  hydrolysis  has  taken  place  to  a  very  great  extent.  He  also 
infers  that,  except  in  very  dilute  solutions,  a  compound  of  the  formula 
Na*Sii06  is  present. 

Kahlenberg  and  Lincoln4  a  few  years  later  urged  that  while  Kohl- 
rausch was  probably  correct  in  his  conclusions  yet  his  procedure  of  ex- 
perimentation did  not  prove  that  the  increased  conductivity  obtained 
upon  dilution  was  due  to  hydrolytic  rather  than  to  ionic  dissociation, 
and  that  his  results  were  not  quantitative.  They  accordingly  proceeded 
to  examine  compounds  of  the  compositions  Na^iOa,  NaHSiOs  and 
NaaSUOn  (also  the  potassium,  lithium,  rubidium  and  cesium  salts  of  the 
corresponding  acids)  from  the  data  obtained  by  freezing-point  determina- 
tions. Their  conclusions  confirm  those  of  Kohlrausch,  e.  g.t  that  "in 
solutions  of  sodium  silicates  these  salts  are  hydrolytically  decomposed 
into  sodium  hydroxide  and  colloidal  silicic  acid."  They  further  assert 
that  "silicates  of  the  general  formulas  MaSi03  and  MHSi03  are  practically 
completely  hydrolytically  dissociated  when  one  gram  molecule  is  contained 
in  48  liters.  Silicates  of  the  general  formula  M2Si50n  are  practically  com- 
pletely decomposed  by  water  when  one  gram  molecule  is  present  in  128 
liters." 

1  Presented  at  the  60th  General  Meeting   of   the  American  Chemical  Society, 
Chicago,  111.,  September  6-10,  1920. 

*  Industrial  Fellow,  Mellon  Institute  of  Industrial  Research,  Pittsburgh,  Pa. 

*  Kohlrausch,  Z.  physik.  Chem.,  12,  773  (1893). 

4  Kahlenberg  and  Lincoln,  /.  Phys.  Chem.,  2,  77  (1898). 
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A  year  earlier  Loomis1  had  also  reported  that  the  metasilicate  NajSiO* 
gave  a  greater  molecular  depression  in  freezing-point  determinations  than 
would  accord  with  the  hypothesis  of  ionic  dissociation  alone. 

In  the  course  of  an  investigation  upon  hydrogen-ion  concentrations  by 
the  author  it  seemed  that  such  a  method  applied  to  a  study  of  the  hydrol- 
ysis of  the  silicates  of  sodium  might  throw  further  light  upon  this  question. 

Experimental. 

The  apparatus  used  in  making  the  measurements  of  hydrogen-ion  con- 
centration was  as  follows. 

Standard  Half  Cells. — The  standard  cells  consisted  of  0.1  N  calomel 
cells  made  up  with  the  utmost  care.  The  mercury  was  washed  in  nitric 
acid  and  3  times  redistilled.  The  potassium  chloride  was  several  times 
recrystallized  from  conductivity  water.  Redistilled  hydrochloric  acid  was 
allowed  to  act  upon  an  excess  of  the  purified  mercury,  and  the  precipitated 
calomel  washed  by  decantation  with  conductivity  water  for  a  week,  then 
several  times  with  0.1JV  potassium  chloride  solution,  and  finally  made 
up  in  the  latter  solution  for  the  cells.  These  cells  were  tested  against 
standard  cells  and  solutions  of  known  hydrogen-ion  concentration  and 
found  to  be  accurate  to  about  0.1  millivolt. 

Hydrogen  Cell. — The  hydrogen  cell  was  of  the  type  suggested  by 
Clark.2  The  platinum  electrode  was  platinized  by^the  method  described 
by  Findlay.8  Electrolytic  contact  was  made  through  a  saturated  solu- 
tion of  potassium  chloride.  The  hydrogen  was  supplied  from  a  commer- 
cial tank,  the  gas  being  passed  through,  first,  an  alkaline  solution  of  potas- 
sium permangknate,  second,  cone,  sulfuric  acid,  and  third,  water  con- 
taining a  little  barium  chloride. 

Thermostat. — All  of  the  above  apparatus  was  enclosed  in  an  air  ther- 
mostat which  was  set  to  a  temperature  erf  30  °  and  the  average  deviation 
during  measurements  was  not  greater  than  0.02  °. 

Potentiometer. — Measurements  were  made  upon  a  Leeds  and  North- 
rup  Type  K  potentiometer,  the  current  being  supplied  by  a  single  accum- 
ulator cell  which  was  set  just  before  and  after  each  reading  against  a  Wes- 
ton cell  which  had  been  recently  calibrated  by  the  U.  S.  Bureau  of  Stand- 
ards. Rough  adjustment  of  the  current  was  made  by  a  simple  pointer 
galvanometer,  and  the  final  adjustment  by  a  very  sensitive  Type  R 
reflecting  galvanometer. 

The  silicates4  which  were  studied  consisted  of  7  of  various  compositions, 
as  follows : 

1  Loomis,  Ann.  Phys.  Chem.,  60,  523  (1897). 
1  Clark,  /.  Biol.  Chem.,  23,  475  (1915). 
1  Findlay,  "Practical  Physical  Chemistry,"  191 1,  p.  150. 

4  The  author  is  indebted  to  the  Philadelphia  Quartz  Company  for  the  silicates 
experimented  upon.  The  analyses  of  these  samples  were  furnished  by  William  Stericker, 
of  the  Mellon  Institute  of  Industrial  Research. 
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NaiO.  SiOt.  HtO. 


Approximate 
molecular  structure. 


Number.  %.  %.  %.  NajO.         SiOt.  HgO. 

1 70  26.9  66.1  I  4  33 

2 8.98  30.3  60.72  I  3V1  23 


3 II.  O  312  57.8 

4 137  32.9  53  4 

5 1783  36.45  4572 

6 24.2  38.3  37  5 

7 26.95  28.85  44-2 


3  18 

2  7*  13 

2  9 

iV.  5 

1  6 


Number  7,  the  metasilicate,  was  in  the  form  of  clear  well-defined  crys- 
tals, and  was  unquestionably  the  pure  compound  NajSiOa.  The  others 
were  all  in  the  form  of  liquid  glasses.  These  glasses,  according  to  Ster- 
icker,1  probably  contain  various  amounts  of  compounds  of  the  formulas 
NajjSiOa,  NaHSiC>3,  NatSifOti  in  addition  to  colloidal  silica,  and  sodium 
hydroxide.    Foreign  impurities  are,  however,  practically  absent. 

The  7  silicates  were  each  made  up  in  5  different  concentrations,  the 
number  of  liters  containing  one  gram  molecule  of  the  several  silicates 
being  3.3,  10,  20,  50  and  100  respectively.  These  were  each  examined  in 
the  hydrogen  gas  cell  previously  described,  and  their  PH  value  calculated 
according  to  the  well-known  formula  of  Nernst:  E  =  E0  +  RT/nF  log,  C 
where  E  is  the  electrode  potential  corresponding  to  ionic  concentration  C, 
E0  is  the  electrolytic  potential  (electrode  potential  at  molar  concentra- 
tion), R  is  the  gas  constant  (8.32  joules  per  degree),  T  is  the  absolute 
temperature,  n  is  the  valence  of  the  ion,  F  is  the  faraday  constant  (96,500 
coulombs),  and  C  is  the  ionic  concentration  of  the  solution.  Using  the 
value  0.337,  obtained  by  Auerbach,*  as  the  electromotive  force  of  a  normal 
hydrogen  electrode  against  a  0.1  N  potassium  chloride-calomel  electrode, 
and  calculating  for  a  temperature  of  30  °,  the  working  formula  becomes 
pH  =  E — 0.337/0.0601.  The  corresponding  values  for  hydroxyl-ion  con- 
centration were  taken  from  the  tables  of  Schmidt  and  Hoagland.* 

Assuming  that,  first,  if  there  were  no  hydrolytic  dissociation  whatever, 
the  hydroxyl-ion  concentration  would  be  identical  with  that  of  pure  water 
at  the  same  temperature  (according  toMichaelis4  1.37  X  io~7  at  30 °),  and 
second,  if  the  silicate  had  suffered  complete  hydrolysis  the  hydroxyl-ion 
concentration  would  be  identical  with  that  of  an  equivalent  solution  of 
sodium  hydroxide  at  the  same  temperature,  and  if  we  may  assume  fur- 
ther that  the  hydroxyl-ion  concentration  is  a  straight-line  function  of  the 
degree  of  hydrolysis,  then  it  becomes  an  easy  matter  to  calculate  the 
degree  of  hydrolytic  dissociation  which  the  several  silicates  at  their  sev- 

1  Sterieker,  personal  communication. 
-    '  Auerbach,  Z.  Eiektrochem.,  18,  13  (1912). 

1  Schmidt  and  Hoagland,  University  of  California,  Pub,  Physiology,  5,  No.  4, 
23-69  (1919). 

4  Michaelis,  "Die  Wasserstoffionenkonzentration,"  1914,  p.  8. 
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eral  dilutions  have  undergone.  In  doing  this  the  degree  of  ionization  of 
the  sodium  hydroxide  at  the  several  concentrations  was  taken  directly, 
or  extrapolated,  from  A.jA.  Noyes'  publications1  as  follows: 


centrattan, 
M. 

Ionization, 

%. 

(OH)-ioa  concentm 

O.66 

77 

5080  X  IO"4 

0.2 

«5 

1700  X  IO~4 

O.I 

88 

880  X  IO"4 

O.O4 

93 

372  X  io~4 

0.02 

95 

190  X  io"4 

If  n  X  io"7  =  observed  hydroxyl-ion  concentration  of  the  silicate  solu- 
tion, m  X  io~7  =  calculated  hydroxyl-ion  concentration  of  sodium 
hydroxide  at  the  same  equivalent  concentration,  and  1.37  X  io"7  is  the 
hydroxyl-ion  concentration  of  water,  then  n —  1.37/wt —  1.37  =  degree 
of  hydrolysis  (h).  The  values  of  both  n  and  m  are  so  great  in  comparison 
with  the  corresponding  value  for  water  that  the  latter  may  be  eliminated 
from  the  equation  without  error  and  the  equation  becomes  nfm  =  h. 
This  equation  was  accordingly  used  in  calculating  ft. 

The  hydrolytic-dissociation  constant  was  calculated  according  to  the 
equation  h2/(i — h)v  =  KUt  where  v  =  the  number  of  liters  in  which 
one  gram  molecule  is  dissolved.  The  ionization  constants  for  the  hypo- 
thetical silicic  acids  were  calculated  from  the  equation:  K a  =  K ^/K h> 
Ky/  being  the  water  constant  which  according  to  Michaelis*  is  1.89  X  io~14 
at  30  °. 

The  following  tables  present  the  data  obtained. 

Discussion. 

An  examination  of  the  data  brings  out  several  points  which  are  of  in- 
terest. Most  important,  perhaps,  is  the  relatively  small  values  obtained 
for  the  percentage  of  hydrolytic  dissociation,  when  contrasted  with  the 
high  values  obtained  by  the  conductivity  and  freezing-point  methods  of 
Kohlrausch  and  of  Kahlenberg  and  Lincoln.2  This  discrepancy  leads  one 
to  look  more  closely  to  the  several  methods  employed,  to  the  assumptions 
made,  and  to  an  explanation  for  the  differences  observed. 

A  questionable  assumption  in  the  work  of  Kohlrausch  was  that  his 
increased  conductivity  was  due  entirely  to  hydrolytic  rather*  than  to 
ionic  dissociation.  But  in  order  to  account  for  this  increased  conductivity 
on  the  ground  of  ionic  dissociation  would,  as  Kahlenberg  and  Lincoln 
emphasized,  necessitate  the  assumption  that  the  ion  Si03"  possessed  a 
mobility  exceeding  that  of  the  chlorine  ion  by  about  70%.  This  reason- 
ing has  indeed  led  most  of  the  older  investigators  to  a  rejection  of  the  ionic 
theory  in  favor  of  the  hydrolytic  dissociation  hypothesis  as  an  explanation 


1  A.  A.  Noyes,  Carnegie  Inst.  Pub ,  63,  177,  340  (1008). 
*  hoc.  cit. 
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Table  I. — Values  Obtained  for  Each  Siwcat«  at  Various  Dilutions. 


Silicate  No.  1 

.    Nat0.4SiOi. 

9. 

B. 

PH 

Con  X  io-«. 

100  A. 

*H«(1. 

3.3 

0.9980 

II  .01 

10.2 

0.20 

1.38  X 

lO"* 

13  70  X  io~» 

10 

0.9859 

10.80 

6.4 

0.38 

1  45  X 

IO~« 

13.00  X  io""t 

20 

0.9837 

10.77 

6.0 

0.68 

2.33  x 

lO"* 

8.12  X  io-» 

50 

0.9748 

10.61 

4-13 

1 .11 

2.51  X 

lO"* 

7.52  X  io_f 

IOO 

0.9669 

10.48 

300 
Silicate  No.  2. 

158 
Na»0.3 

254  x 
5SiOi. 

10-* 

7.44  X  io~» 

3  3 

I .0020 

11.08 

12. 1 

0.24 

1.93  x 

lO"* 

980  X  io~» 

10 

0.9921 

10.90 

8.2 

0.49 

2.41  X 

IO~« 

7.84  X  io-» 

20 

0.9877 

10.82 

6.6 

0.75 

2.83  X 

IO~« 

6.67  X  io"» 

50 

0.9773 

10.67 

4.76 

1.28 

332  X 

IO~« 

5.70  X  io-» 

IOO 

0.9692 

10.52 

336 

1.77 

3.20  X 

lO"* 

5 .90  X  io-» 

Silicate  No.  3 

.     Na«0.3SiOj. 

3.3 

1 .0120 

II  .23 

17.6 

o.35 

407  X 

IO~« 

4.64  X  io~f 

10 

I .0019 

11.08 

12.0 

0.71 

5.21  X  io~* 

3.63  X  io~» 

20 

0.9930 

10.92 

8.4 

0.95 

455  x 

io-« 

4.15  X  io"» 

50 

0.9831 

10.77 

595 

1 .60 

4  32  X 

IO~« 

437  X  io~» 

IOO 

0.9715 

10.57 

372 

1.96 

392  X 

IO"« 

4.82  X  io"» 

( 

Silicate  No.  4. 

NaiO.2 

5SiO,. 

\ 

3.3 

1 .0191 

11.36 

234 

0.46 

710  X 

10-* 

2 .68  X  io-» 

10 

1 .0070 

II. 16 

145 

0.85 

7.28  X 

IO""6 

2.60  X  io~* 

20 

0.9996 

II  .02 

10.8 

1  23 

769  X 

IO~« 

2.46  X  io-» 

50 

0.9892 

10.84 

6.95 

187 

715  x 

IO~« 

2  .65  X  io~» 

IOO 

0.9791 

10.69 

494 

2.60 

6.96  X 

IO~« 

2.71  X  io~f 

Silicate  No.  5 

Nai0.2SiO«. 

3  3 

I. 0421 

11.74 

54.8 

1.08 

391  x 

io-» 

4.83  X  io~" 

10 

1 .0279 

11.50 

32.0 

1.88 

362  X 

10-* 

5.22  X  io"If 

20 

1 .0029 

11.25 

18.0 

2  .04 

2.12  X 

IO~« 

8.91  X  io"" 

50 

0.9937 

10.93 

8.8 

2.37 

1. 15  x 

10-* 

16.40  X  io-»« 

IOO 

0  9828 

10.77 

6.0 
Silicate  No. 

3.15 
6.     Na,0 

1.03  X 
.i.5SiOi. 

IO~« 

18.30  X  10-" 

3  3 

I .0678 

12.18 

i55.o 

305 

3-20  X 

IO-< 

5.90  X  10""" 

10 

I .0552 

11.95 

90.0 

5.29 

2.98  X 

IO"« 

6.34  X  io~» 

20 

I .0361 

11.63 

535 

6.08 

1.97  x 

io-< 

559  X  io-» 

50 

1 .0230 

11.42 

26.8 

7.21 

1. 12  X 

IO~« 

16.90  X  10-" 

IOO 

1 .0121 

11.24 

176 

9.27 

0.95  x 

IO~« 

19  90  X  io~n 

Silicate  No.  7 

.     Na2O.SiOt. 

3.3 

1 .0992 

12.69 

504.0 

9  92 

364  X 

IO"» 

5.20  X  io~" 

10 

1.0944 

12.43 

2750 

16.18 

312  X 

io-» 

6.05  X  10-" 

20 

I .0710 

12  .21 

162.0 

18.40 

2.08  X 

io-» 

908  X  10-11 

50 

I .0533 

11.93 

85.0 

22.81 

1.35  X 

IO~» 

14.00  X  io"11 

IOO 

I .0422 

"73 

540 

28.43 

1. 13  x 

io-» 

16.70  X  io"" 

of  the  case  in  hand.    McBain  and  has  collaborators1  have,  however,  recently 

shown  that  in  such  solutions  as  sodium  silicate2  colloidal  electrolytes  are 

1  See  especially,  McBain  and  Salmon,  This  Journal,  42,  426  (1920). 
*  Ibid.,  p.  427,  line  7. 
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present  which,  in  the  words  of  the  authors  are  '  'salts  in  which  an  ion  has 
been  replaced  by  a  heavily  hydrated  polyvalent  micelle  that  carries  an 
equivalent  sum-total  of  electrical  charges  and  conducts  electricity  just  as 
well  or  even  better  than  the  simple  ion  it  replaces."1  This  new  discovery 
renders  valueless  deductions  which  have  been  made  upon  the  assumption 
of  an  especially  low  conductivity  for  solutions  of  sodium  silicate,  per  se. 

Kahlenberg  and  Lincoln  considered  that  it  was  more  probable  that  the 
mobile  hydroxyl-ion  was  the  dominating  influence,  and  their  work  appar- 
ently confirms  that  probability.  It  is  permissible  to  point  out,  however, 
that  the  data  obtained  by  the  above  mentioned  investigators  do  not 
provide  conclusive  evidence  in  favor  of  a  high  hydrolytic  dissociation. 
To  illustrate:  in  the  compound  Na^iOa,  if  ionization  only  had  taken  place, 
the  apparent  molecular  weight  would  be  Vs  of  121.58  or  40.53.  If  hydrol- 
ysis only  had  taken  placer  and  the  resulting  sodium  hydroxide  were  com- 
pletely dissociated,  the  apparent  molecular  weight  would  be  1/a  of  121.58 
or  30.39.  Thus  a  degree  of  hydrolysis  from  o  to  100%  would  be  revealed 
by  variations  in  the  apparent  molecular  weight  of  only  10  points.  As  a 
matter  of  fact,  the  authors  obtain  values  at  dilutions  from  8  to  64  ranging 
from  41.3  to  32.6.  It  is  suggested  that  those  data  may  not  warrant  the 
all-conclusiveness  of  the  deductions  which  have  been  drawn  from  them 
by  the  authors.  And  the  function  of  the  micelle  in  freezing-point  deter- 
minations of  silicates  is  still  an  unknown  factor. 

In  the  present  investigation  3  assumptions  have  been  made,  and  2 
of  these  are  open  to  question.  The  first,  namely,  that  if  no  hydrolytic 
dissociation  had  occurred,  the  hydroxyl-ion  concentration  would  be  the 
same  as  that  of  water  at  the  same  temperature,  is  undoubtedly  justified. 
The  second,  that  if  hydrolytic  dissociation  had  proceeded  to  completion, 
the  hydroxyl-ion  concentration  would  be  the  same  as  in  an  equivalent 
solution  of  sodium  hydroxide,  at  first  seemed  entirely  warranted.  The 
third,  that  the  hydroxyl-ion  concentration  is  a  straight-line  function  of 
the  degree  of  hydrolysis,  also  seems  warranted,  and  has  often  been  made 
in  previous  investigations  upon  hydrolysis.  But  if  the  work  of  previous 
investigators,  which  has  long  been  accepted,  is  to  be  taken  as  authoritative 
it  follows  that  one  of  the  above  assumptions  is  not  well  made.  The  second, 
only  will  be  considered.  If  hydrolytic  dissociation  has  proceeded  to  com- 
pletion at  finite  dilution,  will  the  hydroxyl-ion  concentration  be  the 
same  as  in  an  equivalent  solution  of  sodium  hydroxide?  In  order  that 
the  question  may  be  answered  in  the  affirmative,  it  is  necessary  to  admit, 
first,  the  non-existence  of  any  ionizable  silicic  acid,2  and  second,  the 
absence  of  any  influence  of  the  colloidal  or  otherwise  dispersed  silica  upon 

1  This  Journal,  p.  426. 

*  Stericker  (Loc.  cit.)  and  others  have  maintained  the  non-existence  of  silicic 
acids,  per  se. 
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the  hydroxyl-ions.  This  latter  assumption  seems  more  open  to  ques- 
tion than  any  other.  It  seems  indeed  altogether  possible  that  the  par- 
ticles of  colloidal  silica  may  either  adsorb  the  ions  upon  their  surface, 
or  exert  such  a  retarding  influence  upon  their  movements,  that  a  nu- 
merical measurement  of  the  latter  would  reveal  an  apparent  ion  concen- 
tration far  below  the  actual  or  effective  value.  On  the  other  hand,  such 
a  measurement  might  accurately  represent  the  ionic  condition  of  the  dis- 
persed phase  of  the  solution.  But  if  it  be  assumed  that  no  such  adsorp- 
tion or  other  retarding  influence  is  exerted  upon  the  ions  by  the  colloidal 
silica,  then  it  would  seem  that  the  high  values  which  have  previously 
been  obtained  for  the  hydrolytic  dissociation  of  the  silicates  of  sodium 
have  been  erroneous.  The  several  methods  are  in  agreement  in  that 
the  metasilicate,  Na2SiC>3,  shows  the  greatest  hydrolysis,  while  as  the 
ratio  of  silica  to  soda  increases,  the  degree  of  hydrolysis  decreases. 

The  values  for  Ku  and  KK  have  been  inserted,  as  they  are  instructive. 
It  is  observed  that  the  values  for  these  constants  at  the  several  dilutions 
are  not  in  all  cases  constant,  but  there  is  no  great  discrepancy  in  any 
instance.  Indeed  the  values  are  in  as  close  agreement  as  many  that 
have  been  reported  upon  much  better  understood  compounds.  This  can 
only  mean,  if  the  silica  plays  the  role  of  an  adsorbing  or  retarding  agent 
upon  the  ions  in  solution,  that  the  law  governing  the  degree  of  adsorp- 
tion or  retardation  is  very  similar  to  that  which  accounts  for  the  hydro- 
lytic dissociation  constant,  which  is,  in  fact,  the  widely  used  "dilution 
law"  of  Ostwald. 

Conclusions. 

1.  //  the  conclusions  reached  by  earlier  investigators  to  the  effect  that 
dilute  solutions  of  sodium  silicates  are  very  highly  dissociated  hydro- 
lytically  may  be  accepted  as  authoritative,  then  it  follows  from  data  herein 
presented  that  the  electrometric  hydrogen-ion  method  is  unsuitable  as  a 
means  of  measuring  such  dissociation.  The  reason  for  this  appears  to 
be  in  a  possible  ability  of  the  colloidal  silica  to  adsorb  or  retard  or  other- 
wise destroy  the  effect  of  a  certain  proportion  of  the  hydroxyl-ions  in 
the  solution.  The  effect  of  the  dilution  upon  this  adsorptive  or  retarding 
influence  follows  closely  the  same  laws  as  the  effect  of  dilution  upon 
hydrolytic  dissociation.  The  hydroxyl-ion  determination  may  serve, 
however,  as  a  measure  of  the  actual  alkalinity  of  the  dispersed  phase. 

2.  The  deductions  put  forward  by  earlier  investigators  are  based  upon 
data  which,  although  expressive  of  a  high  degree  of  probability,  are  not, 
however,  altogether  conclusive  evidence  in  favor  of  the  much  higher  de- 
gree of  hydrolysis  which  they  report. 

3.  If  the  assumptions  made  in  this  report  are  found  to  be  entirely 
justified,  then  it  follows  that  the  hydrolytic  dissociation  of  the  silicates 
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of  sodium  is  much  lower  in  dilute  solutions  than  has  been  thought  to  be 
the  case,  ranging  from  1.58  to  28.43%  at  a  dilution  of  100  liters  per 
gram  molecule  in  the  silicates  which  vary  respectively  in  their  NaiO :  SiOj 
ratio  of  from  1:4  to  1:1. 

4.  The  findings  of  earlier  investigators,  that  the  metasilicate,  NazSiOs, 
was  most  completely  hydrolyzed,  and  that  as  more  silica  was  added  to 
the  molecule  the  degree  of  hydrolysis  decreased,  have  been  confirmed. 

Pittsburgh,  Pa. 


[Contribution  prom  the  Geophysical  Laboratory  of  the  Carnegie  Institution, 
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THE  SYSTEM  CUPRIC  OXIDE,  CUPROUS  OXIDE,  OXYGEN. 

By  F.  Hastings  Smyth  and  Howard  S.  Roberts. 

Received  October  16,  1920. 

i.  Previous  Work  on  the  System. 
The  system  cupric  oxide,  cuprous  oxide,  oxygen  has  been  studied  by 
L.  Wohler.1  The  results  of  this  investigation  led  to  the  conclusion  that 
cupric  and  cuprous  oxides  form  a  continuous  series  of  solid  solutions. 
That  is,  if  cupric  oxide  was  heated  in  vacuo  to  a  temperature  such  that  it 
began  to  lose  oxygen  according  to  the  reaction 

4CuO(s)  ^±  2Cu20(s)  +  02, 

this  action  was  not  accompanied  by  the  formation  of  a  second  solid  phase. 
The  2-component  system  remained  in  2  phases,  solid  solution  of  the  2 
oxides  and  gas,  until  all  oxygen  required  by  the  reaction  had  been  removed 
and  pure  cuprous  oxide  remained.  If  the  temperature  of  the  charge 
was  held  constant  and  successive  quantities  of  oxygen  were  removed, 
the  equilibrium  pressure  varied  continuously  from  that  of  pure  cupric 
oxide  to  that  of  pure  cuprous  oxide.  The  true  dissociation  pressure  of 
cupric  oxide  was  not  determined  directly  by  Wohler,  since  some  oxygen 
was  always  lost  from  the  charge  used,  in  order  to  fill  the  apparatus  with 
oxygen  at  the  pressure  corresponding  to  the  initial  temperature  of  each 
experiment.  The  volume  of  the  apparatus  used  is  not  given,  nor  are 
the  successive  quantities  of  oxygen  removed  in  any  experiment  indicated 
and  it  is  impossible  to  follow  the  composition  of  the  solid  phase.  All 
the  results  are  therefore  qualitative.  However,  using  the  same  appa- 
ratus, with  varying  charges  and  with  removal  of  varying  quantities  of 
oxygen,  different  equilibrium  pressures  of  oxygen  were  obtained  at  iden- 
tical temperatures.  There  are  given  in  Table  I  a  few  of  the  results,  which 
are  typical. 

1  J,.  W6hler.  Z.  Elecktrochem.,  12,  781  (1006). 
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Table  I. 
Wohler's    Data    on    Dissociation    of    Cupric    Oxide. 
Charge:    Pure  cupric  oxide. 
Temperature,  •  C.  Pressure,  mm.  mercury. 

IOOO  103,  ICO,  III,    95,    91 

I020  149,  145,  136,  126 

IO40  2IO,  216,  184,  179,  175,  163 

1084  502,  478,  473 

A  dissociation  pressure-temperature  curve  obtained  by  using  an  initial 
mixed  charge  of  50%  each  of  cuprous  and  cupric  oxides,  gave  values 
uniformly  lower  than  those  obtained  with  an  initial  charge  of  pure  cupric 
oxide,  as  shown  in  Table  II.  It  was  remarked  by  Wohler  that  the  charges, 
when  removed  from  the  apparatus,  appeared  to  be  homogeneous,  though 
apparently  a  microscopic  examination  was  not  made. 

Table  II. 
Wohler's  Data  on  Dissociation  of  Mixed  Copper  Oxides. 


PCIVUITC,          \*. 

50%  CuO;  50%  CujO. 

Pure  CuO. 

960 

31 

5i 

IOOO 

65 

103 

I030 

108 

177 

IO6O 

164 

290 

On  the  other  hand,  Foote  and  Smith1  obtained  identical  values  for  dis- 
sociation pressures,  at  various  temperatures,  of  mixed  charges  of  the  2 
oxides  in  various  proportions,  which  would  indicate  that  solid  solution 
does  not  occur. 

2.  Purpose  of  the  Present  Investigation. 

The  original  purpose  of  the  present  work  was  to  confirm,  if  possible, 
the  results  of  Wohler  and  to  determine  accurately  the  compositions  of 
solid  solutions  of  cupric  and  cuprous  oxides  corresponding  to  a  series  of 
pressures  at  a  number  of  different  temperatures,  and  to  find  the  true 
equilibrium  pressure  of  the  reaction 

4CuO(s)  ^±.  2Cu20(s  solution  in  CuO)  +  02(g) 
with  as  nearly  pure  cupric  oxide  as  possible. 

It  may  be  said  at  the  outset,  however,  that  the  results  of  our  experi- 
ments are  not  in  agreement  with  those  obtained  by  Wohler,  and  that 
we  have  been  unable  to  prove  the  existence  of  any  solid  solutions  of 
cuprous  oxide  in  cupric  oxide.  When  cupric  oxide  loses  oxygen,  a  second 
solid  phase  appears  at  once.  This  consists  of  small  ruby-colored  crystals, 
readily  seen  under  a  small  glass,  throughout  the  cooled  charge  of  partially 
dissociated  oxide.  These  aref  probably  crystals  of  pure  cuprous  oxide, 
although  our  results  do  not  entirely  exclude  the  possibility  of  their  con- 
taining a  very  small  quantity  of  cupric  oxide.  However,  it  will  develop 
1  Foote  and  Smith,  This  Journal,  30,  1344  (1908). 
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that  the  cupric  oxide  content  of  these  crystals  must  be  very  small,  if  it 
exists  at  all.  The  composition  of  this  second  solid  phase  certainly  does 
not  vary  sufficiently  to  make  its  effect  felt  in  the  general  form  of  the  dis- 
sociation pressure-temperature  curve  of  cupric  oxide,  and  in  the  present 
paper  this  phase  is  treated  as  pure  cuprous  oxide. 

This  investigation  then  resolved  itself  into  a  determination  of  the 
equilibrium  constant  of  the  reaction 

4CuO(s)  ^±  2Cu20(s)  +  02(g)  —  A//x  (I) 

both  throughout  the  temperature  range  where  cupric  and  cuprous  oxides 
remain  solids,  and  also  above  the  melting  point  of  the  eutectic  of  the  2 
oxides  where  the  possible  reactions  are : 

4CuO(s)  ^±  2Cu,0(l  solution  in  CuO)  +  0*(g)  —  A#2     (H) 
and 

4CuO(l  solution  in  Cu20)  Z^l  2Cu20(s)  +  0*(g)  —  AH,    (III) 
AHi,  A#s,  and  AH*  are  the  heats  absorbed  in  the  several  reactions. 
3.  Theoretical  Discussion. 
The  form  of  the  melting  diagram  for  mixtures  of  cuprous  and  cupric 
oxides  at  various  temperatures  under  equilibrium  pressures  of  oxygen  gas 
is  not  known.    Excluding  the  possibility  of  the  formation  of  compounds, 
and  of  solid  solutions  between  the  2  oxides,  we  may  assume,  for  the  pur- 
pose of  this  discussion,  a  diagram  like  that  of  Fig.  1. 

If  a  large  quantity  of  cupric  oxide  be  heated  in  a  system  of  small  vol- 
ume to  a  temperature,  t,  above  the  eutectic  point,  the  pressure  being 

allowed  to  vary,  the  composition 
ej  of  the  melt  formed  after  disso- 
ciation has  begun  will  be  given 
by  the  point  D  (Fig.  1),  and  the 
3  phases  present  will  be  solid 
cupric  oxide,  a  liquid  solution  of 
cuprous  oxide  in  cupric  oxide, 
*»  and  oxygen  gas.  That  is,  Reac- 
tion II  will  take  place.  With  in- 
creasing temperature  the  propor- 
tion of  cupric  oxide  to  cuprous 
oxide  in  the  liquid  in  general  be- 
comes larger. 

°^0  Cu0     On  the  other  hand,  if  a  large 

Fig.  1.— Arbitrary  melting-point  diagram,      amount  of  oxygen  be  allowed  to 

escape    from    the    charge     of 


system;  CuO,  Cu20. 


cupric  oxide  or  if  the  original  charge  consist  largely  of  cuprous  oxide,  the 
composition  of  the  melt  at  the  temperature  tt  will  be  given  by  the  point 
E  on  the  diagram,  and  the  3  phases  present  will  then  be  solid  cuprous 
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oxide,  liquid  solution  of  cupric  oxide  in  cuprous  oxide,  and  oxygen  gas. 
Reaction  III  will  take  place  and  with  increasing  temperature  the  propor- 
tion of  cuprous  oxide  in  the  melt  becomes  greater. 

At  the  eutectic  point  C,  4  phases  exist  at  equilibrium,  both  solid  oxides, 
liquid,  and  oxygen  gas.  Since  the  system  is  one  of  2  components,  the 
point  C  is  invariant.  On  the  other  hand,  along  the  lines  CA  and  CB 
the  system  is  monovariant,  and  the  temperature  may  be  adjusted  at  will 
if  the  oxygen  pressure  is  allowed  to  vary. 

At  any  temperature  below  the  eutectic  point  Reaction  I  takes  place, 
and  the  system  at  equilibrium  consists  of  3  phases,  solid  cupric  and  cup- 
rous oxides  and  oxygen  gas.    This  system  is  also  monovariant. 

The  pressure-temperature  curves  for  the  monovariant  Reactions  I,  II 
and  III  can  be  followed  by  means  of  the  Clapeyron  equation 

&  -    *I.  (1) 

AT       TAV 

Since  both  AH  and  AV  can  in  general  be  divided  into  a  number  of 
more  fundamental  effects,  we  may  write 

dp  =  AHj+  AH'  1 
AT  AVS+  AV'T' 
where  AH\  is  the  heat  of  dissociation,  i.  e.t  the  heat  absorbed  in  Reaction 
I  at  constant  pressure,  and  AH'  is  the  summation  of  all  other  heat  effects 
for  the  particular  Reactions  I,  II,  III;  Vg  is  the  volume  of  one  mol  of 
oxygen  gas  under  equilibrium  conditions;  AV  the  combined  change  in 
the  volume  of  the  solid  or  liquid  phases. 

As  has  already  been  stated,  however,  no  compound  has  been  found 
between  cupric  oxide  and  cuprous  oxide,  and  also  for  Reaction  I,  at  least, 
solid  solution  of  small  amounts  of  cuprous  oxide  in  cupric  oxide  does  not 
occur.  Also  we  have  found  no  evidence  of  solid  solution  of  cupric  oxide 
in  cuprous  oxide. 

Reaction  I.    4CUO  (s)  ^1  2Cu20(s)  —  0*(g). 

As  neither  fusion  nor  solidification  takes  place  in  this  reaction,  we 
shall,  for  the  moment,  assume  that  AHi  is  constant  over  the  range  in- 
vestigated. Then,  ignoring  the  possibility  of  solid  solution  and  changes 
in  specific  heats  of  the  reacting  substances,  AH'  is  negligible.  Since  the 
pressure  along  this  curve  has  remained  less  than  400  mm.,  we  may  also 
neglect  AV  in  comparison  with  Vg.  Making  these  assumptions,  Equa- 
tion 2  becomes 

dp  _  AHX 


At        TVK 


(3) 


Replacing  Vf  by  RT/p  and  integrating,  we  obtain 


lnp  =  ——^+  Const.  (4) 

Kl 
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the  usual  integrated  form  of  the  van't  Hoff  equation.  The  fact  that 
within  the  limits  of  experimental  error,  our  data  satisfy  Equation  4  (cf . 
Fig.  7),  shows  that  the  assumptions  made  above  are  justified. 

Reaction  n.  4CuO(s)  ^±  2 011,0(1  solution  in  CuO)  +  02(g). 
Here  dissociation  is  accompanied  by  fusion,  not  only  of  2  mols  of  cup- 
rous oxide  formed,  but  of  additional  cupric  oxide  in  order  to  form  a  liquid 
sufficiently  rich  in  cupric  oxide  to  be  in  equilibrium  with  the  solid  phase. 
As  the  temperature  is  raised,  the  melt  requires  increasingly  more  cupric 
oxide  per  mol  of  cuprous  oxide  (cf.  Fig.  1,  line  CB).  Consequently  AH ', 
which  includes  heats  of  fusion  and  dilution  must  increase.  For  the  same 
reason  AV  is  negligible  only  at  points  at  a  distance  from  the  melting 
point  of  pure  cupric  oxide,  and  at  low  pressures.  For  the  lower  temper- 
atures, Equation  2  becomes 

d£  =  AHi+  AH'  ( 

As  AH'  is  positive,  the  slope  of  this  curve  is  always  greater  than  that  of 
the  extrapolation  of  the  curve  in  the  case  of  Reaction  I,  and  it  increases 
with  rising  temperature. 

As  we  pass  along  the  line  CB  (Fig.  1)  and  approach  the  melting  point 
of  cupric  oxide,  continuously  larger  quantities  of  cupric  oxide  must  melt 
to  dissolve  the  2  mols  of  cuprous  oxide  formed  in  Reaction  II.  At  the 
limit  which  is  the  melting  point  of  pure  cupric  oxide,  we  can  consider 
that  an  infinite  amount  of  cupric  oxide  must  melt  to  dissolve  the  cuprous 
oxide  formed.  As  this  point  is  approached,  the  solid  and  liquid  phases 
approach  the  same  composition  and  AH'  and  AV  increase  without 
limit.  AHi  and  Vg  can  then  be  neglected  and  we  obtain  as  the  limit  is 
approached 

d±  =  ^L.      '  (6) 

dT       TAV  V  J 

Now  since  AH'  is  the  heat  required  to  melt  a  very  large,  though 
definite  quantity  of  cupric  oxide,  and  AV  is  the  volume  change  of  the 
same  quantity  of  oxide  on  melting,  Equation  6  is  the  equation  of  the 
pressure-temperature  curve  for  the  condensed  system  CuO(s),CuO(l). 
The  dissociation-pressure  curve  then  becomes  tangent  to  the  melting- 
point  pressure  curve  for  pure  cupric  oxide  at  the  temperature  correspond- 
ing to  the  dissociation  pressure  of  pure  cupric  oxide  at  its  melting  point. 
Reaction  m.    4CuO(l  solution  in  Cu^O)  Z^I  2Cu20(s)  +  0*(g). 

Here  dissociation  is  accompanied  by  solidification;  consequently  AH' 
is  negative,  and,  since  AV'  can  again  be  neglected  except  near  the  melt- 
ing point  of  cuprous  oxide,  the  slope  of  the  curve  dp/dT  must  be  less 
than  that  of  the  extrapolation  of  the  curve  in  the  case  of  Reaction  I. 
Again  AH'  increases,  numerically,  without  limit  as  the  temperature  is 
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raised  (cf.  Fig.  1,  line  CA).  Consequently  the  algebraic  sum  AHi  +  AH' 
becomes  less  until  the  point  is  reached  where  AHi  +  AH'  =  o,  which  is  a 
maximum  on  the  pressure-temperature  curve.  This  point,  it  should  be 
noted,  may  or  may  not  lie  on  a  stable  part  of  the  curve,  because  at  the 
point  C  (Fig.  1)  the  amount  of  liquid  cuprous  oxide  necessary  to  dissolve 
4  mols  of  cupric  oxide  may  already  be  large,  and  sufficient  to  give  to  AH ' 
a  numerical  value  greater  than  that  of  AHi.  As  soon  as  the  value  of 
AH'  does  become  greater  than  that  of  AHU  the  slope  of  dp/dT  of  the 
curve  becomes  negative. 

For  most  substances,  fusion  is  accompanied  by  an  increase  in  volume. 
AV  is  therefore  probably  negative  and  as  its  numerical  value  increases 
also  without  limit  on  approaching  the  melting  point  of  cuprous  oxide,  the 
algebraic  sum  Vg  +  AV'  must  at  some  point  become  zero.  Here  the 
slope  of  the  curve  is  negatively  infinite. 

Finally,  as  we  approach  the  melting  point  of  cuprous  oxide,  the  slope 
of  the  curve  is  again  given  by  Equation  6,  but  in  this  case  both  numerator 
and  denominator  of  the  second  member  of  the  equation  have  negative 
values.  As  in  the  case  of  Reaction  II,  therefore,  the  end  of  the  curve  has 
a  positive  slope  and  is  tangent  at  the  melting  point  of  cuprous  oxide  to  the 
pressure-temperature  curve  for  the  condensed  system  Cu20(s),Cu20(l),  at 
a  temperature  which  corresponds  to  the  dissociation  pressure  of  pure 
cupric  oxide  at  its  melting  point. 

The  value  of  dp/dT  for  the  system  Cu20(s),[CuO,Cu20](l),02(g)  there- 
fore has  at  first  a  positive  value,  passes  through  zero,  and  becomes  neg- 
ative. Its  negative  value  increases  to  infinity  and  toward  the  very  end 
of  the  curve  the  slope  again  becomes  positive.  This  end  of  the  curve  also 
may  not  lie  in  a  region  in  which  the  system  is  stable,  because  as  the 
pressure  is  lowered,  the  cuprous  oxide  present  may  itself  start  to  dissociate 
with  the  appearance  of  a  possible  new  phase,  liquid  or  solid,  and  giving 
a  system  whose  equilibrium  pressure  again  increases  with  rising  temper- 
ature. However,  the  dissociation  pressure  of  cuprous  oxide  in  the  neigh- 
borhood of  its  melting  point  (12100)  is  known  to  be  less  than  5  mm.  of 
mercury.1 

The  principal  fact  which  develops  from  this  discussion  is  that  the 
oxygen  equilibrium  pressure  for  Reaction  III  in  general  falls  with  rising 
temperature,  with  the  exception  of  the  small  regions  at  the  beginning  of 
the  curve  where  the  numerical  value  of  AH'  is  less  than  that  of  AHi 
and  at  the  end  of  the  curve  where  both  total  heat  and  volume  changes 
for  Reaction  III  are  negative. 

It  remains  to  be  noted  that  since  the  eutectic  point  is  a  quadruple 
point  for  the  system  CuO(s),Cu20(s),02(g),[Cu20,CuO](l),  all  three  of  the 
above  dissociation-pressure  curves  intersect  at  that  point. 
1  Slade  and  Farrow,  Proc.  Roy.  Soc.  [A,]  87,  524  (19*2). 
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In  the  above  discussion,  heats  of  dilution  of  one  liquid  oxide  in  the 
other  have  been  considered  as  negligible  as  compared  with  the  heats  of 
fusion  involved. 

4.  Apparatus  and  Materials. 

(a)  Apparatus  for  Moderate  Pressures. — The  apparatus  used  is  shown 
diagrammaticaUy  in  Fig.  2,  and  consisted  essentially  of  a  reaction  cham- 
ber of  silica  glass,  50  cm.  long  and  12  mm.  internal  diameter,  closed  at 
the  lower  end  and  attached  through  a  ground  joint  to  a  glass  cap  20  cm. 


o 


Fig.  2. — Apparatus  used  for  measurements  of  pressures  less  than  3  atmospheres. 

long  and  of  the  same  diameter  as  the  tube  itself  through  which  were  sealed 
the  thermo-element  connections.    The  manometer  used  for  measuring 
equilibrium  pressures  was  that  which  has  already  been  used  and  described 
by  Day  and  Clement1  in  gas  thermometric  work. 
1  Day  and  Clement,  Am.  J.  Set.,  24,  415  (1908). 
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A  water-jacketted  buret,  of  constant  and  known  volume,  was  arranged 
so  that  quantities  of  oxygen  either  admitted  or  withdrawn  from  the  sys- 
tem could  be  accurately  measured.    This  was  accomplished  by  adjusting 
a  mercury  column  in  the  buret,  so  that  the  meniscus  came  to  a  glass  point 
shown  in  the  figure,  and  reading  the  level  of  the  other  meniscus  in  the 
buret  manometer  by  means  of  a  telescope  cathetometer,  which  could  be 
read  to  o.i  mm.    Fresh  oxygen  was  admitted  to  the  buret  through  the 
cock  D,  from  a  cylinder  of  electrolytic  oxygen.    On  the  other  hand,  oxy- 
gen from  the  system  was  withdrawn  by  means  of  a  Toepler  pump,  the 
capillary  of  which  discharged  into  the  bottom  of  the  buret.    When  pres- 
sures in  the  apparatus  were  sufficiently  high,  > 
oxygen  could  be  withdrawn  directly(into  the 
buret  through  the  2-way  Cock  A,  but  with 
low  pressures,  readily  measurable  amounts 
of  oxygen  had  to  be  pumped  out. 

The  McLeod  gage  in  the  system  served 
simply  to  determine  when  evacuation  was 
complete,  or  to  test  for  leaks. 

The  furnace  used  had  a  platinum  wound 
alundum  tube,  45  cm.  long,  and  of  3  cm.  | 

internal  diameter,  insulated  with  magnesia.  ^ 

It  was  arranged  on  a  sliding  frame,  so  that  \ 

it  could  be  readily  lowered  away  from  the  * 

reaction  tube,  to  allow  the  walls  of  the  latter 
to  be  quickly  cooled  by  spraying  them 
with  water.  Exploration  of  this  furnace 
with  a  thermoelement  showed  a  range  of  at 
least  5  mm.  through  which  the  temperature 
within  the  charge  did  not  vary  more  than 

o.i°  at  11000.    The  height  of  the  furnace      1 — 1 — 1 — | — 1 — 1 — 1 
in  each  experiment  was  adjusted  so  that       Iq  '|  '2    Cm' 

this  constant  temperature  region  surrounded  Fig.  3.— Section  through  low-pres- 
the  charge  of  oxides.  sure  furnace   showing    method 

Details  of  the  way  in  which  the  charge  of  supporting  charge  and  ar- 
was  suspended  are  shown  in  Fig.  3.  A  rangement  of  thermoelements, 
small  platinum  crucible,  about  10  mm.  in  diameter,  was  used  to  hold 
the  charge.  The  crucible  was  lined  with  a  thin  coating  of  sintered 
magnesia,1  and  the  thermoelement  tip  was  also  protected  in  this 
way.    These  magnesia  coatings  were  not  acted  on  by  the  copper  oxides, 

1  Magnesia  coating  prepared  by  applying  a  paste  made  from  finely  ground  magnesia 
moistened  with  water  saturated  with  magnesium  nitrate.  After  painting  this  paste 
on  the  walls  of  the  crucible  it  was  slowly  dried  and  then  ignited  by  raising  its  tempera- 
ture slowly  to  about  16000. 
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as  long  as  the  latter  remained  solid.  Above  the  fusion  temperatures, 
however,  no  lining  was  found  which  would  not  react  with  the  charge, 
and  the  platinum  crucible  was  used  unlined.  The  liberation  of  oxygen, 
however,  due  to  absorption  of  copper  by  the  platinum,  is  slow,  com- 
pared to  the  rate  at  which  dissociation  equilibrium  is  accomplished,  and 
is  not  a  disturbing  factor  in  the  presence  of  cuprous  oxide. 

The  thermoelement  used  for  measuring  the  temperature  of  the  charge 
was  within  the  charge  as  shown.  The  crucible  was  suspended  by  plat- 
inum hooks  from  a  small  piece  of  capillary  porcelain  tube  (Fig.  3).  This 
piece  of  tube  also  carried  and  insulated  the  thermoelement  tip,  which 
was  renewed  before  each  experiment.  Another  thermoelement  junction 
placed  immediately  above  the  crucible  outside  the  charge,  was  used  in 
certain  cases  to  follow  absorption  or  evolution  of  heat  by  the  charge  itself, 

using  the  differential  method.1 
p-^  The  platinum  and  platinum-10% 
-e  rhodium  alloy  wires  used  for 
""  these  elements  were  calibrated 
~  at  the  gold  point  (1062.60). 
_l5  Thermoelement  potentials  were 

-  read  with  a  Wolff  potentiometer. 

-  The  whole  potentiometer  system 
"    was  shielded,2  a  platinum  foil 

shield  being  placed  around  the 
quartz  reaction  tube. 
(6)  Apparatus  for  High  Pres- 

-  sures.  —  For   pressures  greater 

-  than  2000  mm.  of  mercury  the 
furnace  shown  in  Fig.  4  was  used. 
This  was  a  small,  wire-wound, 
cascade  furnace  built  into  an 
inverted  bronze  autoclave.  The 
furnace  proper  was  made  with 
alundum   tubing   and   alundum 

- — -  end  rings,  and  a  fireclay  base. 

Fig.  4.— Section    through   bomb-furnace   for  Loose,    granular    alundum    was 

measuring  pressures  higher  than  3  atmos-  used    f()r    inflation  rather  than 

p  eres*  magnesia  because  of  the  tendency 

of  the  latter  to  be  blown  out  of  the  furnace  when  the  gas  pressure  was 
released. 

As  in  the  case  of  the  furnace  used  for  low  pressures,  2  thermocouples 
of  platinum-platinrhodium  were  employed,  one  located  in  the  middle 

1  C.  N.  Fenner,  Am.  J.  Set.,  36,  361  (1913)- 

2  W.  P.  White,  "Leakage  Prevention  by  Shielding,"  This  Journal,  36,  201 1  (1914). 
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of  the  charge  itself  and  the  other  directly  above  the  crucible.  From  these, 
the  3  thermocouple  lead  wires  passed  through  porcelain  capillaries  to  the 
top  of  the  furnace  where  they  were  hooked  over  loops  supported  by  the 
porcelain  block  B.  A  circular  platinum  diaphragm,  S,  was  supported  by 
a  platinum  sleeve  around  the  porcelain  tubes,  which  in  turn  was  con- 
nected by  a  wire,  not  shown  in  the  figure,  to  the  potentiometer  shield. 
The  electrical  leads,  L,  of  which  there  were  6,  passed  through  holes  in  the 
cover  of  the  autoclave,  made  gas-tight  with  soapstone  plugs,  P,  which 
were  spread  into  the  holes  under  sufficiently  heavy  pressure  to  upset  the 
soapstone  and  stretch  the  surrounding  bronze.1 

Connection  to  the  oxygen  tank  and  pressure  gage  was  made  through 
a  fine  copper  tube.  All  the  joints  in  this  line  were  soft  soldered  to  pre- 
vent leaks. 

The  autoclave  was  cooled  by  circulating  water  through  a  jacket  of 
copper  tubing,  soldered  in  place,  and  through  holes  drilled  in  the  cover 
C  and  the  yoke  Y.    These  holes  are  not  shown  in  the  figure. 

Packing  was  provided  ^t  G  in  the  form  of  a  lead  gasket.  This  was 
compressed  by  means  of  6  bolts.  The  whole  was  supported  on  a  bracket 
beneath  the  cover,  so  that  the  bottom  was  accessible. 

Since  organic  matter  in  the  presence  of  oxygen  under  pressure  is  apt  to 
explode,  the  furnace  was  carefully  heated  all  over  to  redness,  and  the 
inside  of  the  autoclave  washed  with  carbon  tetrachloride  before  it  was  used. 

The  oxygen  pressures  in  this  furnace  were  read  on  a  Bourdon  gage 
reading  up  to  1000  pounds  per  square  inch  and  previously  calibrated  in 
this  laboratory. 

Electric  current  for  both  furnaces  was  supplied  by  storage  batteries, 
which  gave  practically  an  unvarying  potential  and  allowed  very  constant 
temperature  regulation. 

(c)  Volume  of  Moderate  Pressure  System* — To  avoid  calculations 
involving  temperature  gradients  in  the  gas  contained  in  the  apparatus 
between  the  heated  furnace  portion  and  the  tubes  at  room  temperature, 
the  quantity  of  oxygen  contained  by  the  apparatus  at  various  furnace 
temperatures  was  determined  empirically. 

With  the  furnace  in  place,  and  heated  to  a  definite  temperature,  but 
with  no  charge  in  the  apparatus,  a  measured  quantity  of  oxygen  was 
admitted  from  the  buret,  and  the  resulting  pressure  in  the  apparatus 
was  read  on  the  manometer.  Assuming  that  the  temperature  of  the  en- 
tire quantity  of  admitted  gas  remained  at  room  temperature,  and  that 
the  ordinary  pressure-volume  relations  still  applied  to  the  partially  heated 
system,  what  may  be  called  an  "apparent  volume"  of  the  apparatus  was 
calculated.  From  this  value  the  oxygen  contained  in  the  system  at  other 
1 A  modification  of  the  seal  used  by  Adams,  Williamson  and  Johnston,  This  Jour- 
nal, 41,  18  (1919). 
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pressures,  the  furnace  temperature  being  kept  constant,  could  be  closely 
estimated. 

Furthermore,  the  change  in  the  value  of  this  "apparent  volume"  was 
not  great  with  a  variation  of  furnace  temperature  between  700  °  and  1 100  °, 
being  165.3  cc-  a*  10650  and  172.6  cc.  at  7250.  The  assumption  is  there- 
fore further  made  here  that  this  value  is  a  linear  function  of  the  tem- 
perature of  the  furnace  within  this  range.  The  actual  volume  of  the 
apparatus  at  the  uniform  temperature  of  22  °  was  201.7  cc. 

The  quantities  of  oxygen  lost  by  a  charge  when  heated  in  the  previously 
evacuated  apparatus,  are  calculated  in  the  following  experiments  from 
the  values  obtained  in  the  manner  predicted  above.  It  will  develop  later 
that  these  values  need  not  be  very  accurately  known. 

(d)  Preparation  of  Copper  Oxides. — The  cupric  oxide  used  in  all  ex- 
periments was  prepared  from  c.  p.  "copper  drops  cooled  in  hydrogen" 
of  the  lot  previously  used  as  a  melting-point  standard  in  gas  thermo- 
metric  work  in  this  laboratory.1  The  metallic  copper  was  heated  in  an 
electric  muffle  furnace  at  low  red  heat  for  several  days,  in  the  presence  of 
gentle  air  circulation.  The  resulting  mass  containing  cupric  and  cuprcrtis 
oxides  and  unoxidized  copper  was  then  removed  from  the  furnace  and 
ground  in  an  agate  mortar.  That  portion  of  the  fines  which  passed  a 
150-mesh  sieve  was  again  heated  in  a  porcelain  boat  in  a  tube  combus- 
tion furnace  at  about  800  °  in  a  current  of  dry  air  for  3  or  4  days  and  until 
the  boat  and  its  contents  ceased  to  gain  weight  during  a  heating  period 
of  24  hours.  When  examined  under  a  microscope,2  the  resulting  cupric 
oxide  appeared  to  be  homogeneous  and  to  contain  opaque  black  particles 
only.  It  is  a  significant  fact  that  until  such  time  as  the  oxide  ceased  to 
gain  weight  while  heated  in  the  air  current,  the  microscope  always  dis- 
closed small  ruby-colored  crystals  of  cuprous  oxide  scattered  throughout 
the  mass  as  a  separate  solid  phase.  A  sufficient  quantity  of  oxide  for  all 
the  following  work  was  thus  prepared,  ground  in  an  agate  mortar  to  pass 
a  200-mesh  sieve,  mixed  thoroughly,  and  kept  as  a  stock,  to  assure  uni- 
form material  for  each  experiment. 

Cuprous  oxide  was  prepared  from  the  cupric  oxide  described  above,  by 
heating  a  portion  of  it  in  a  porcelain  boat  at  900 °,  and  pumping  off  oxygen 
at  5  mm.  pressure,  until  the  material  ceased  to  lose  in  weight  and  until 
microscopic  examination  showed  no  black  cupric  oxide  present  as  a  sep- 
arate phase. 

(e)  Oxygen. — The  oxygen  gas  used  was  from  a  cylinder  of  compressed 
electrolytic  oxygen,  analysis  of  which  showed  the  presence  of  less  than 
0.1%  of  gas  which  could  not  be  absorbed  in  dilute  ammonia  solution  in 

1  E.  T.  Allen,  in  paper  by  Day  and  Clement,  Am.  J.  Set.,  [4],  26,  456  (1908), 
finds  0.0083%  total  impurities  in  it. 

•  Microscope  work  by  H.  E.  Merwin. 
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the  presence  of  metallic  copper.  It  was  freed  from  hydrogen  by  passing 
over  heated  cupric  oxide  and  dried  in  a  tube  containing  phosphorus 
pentoxide. 

5*  Experimental  Results.  I.  Absence  of  Solid  Solutions  and  the  Equil- 
ibrium Pressures  of  the  System  CuO(s),  Cu20(s),  02(g). 
Experiment  i. — A  charge  of  pure  cupric  oxide  was  placed  in  the  ap- 
paratus, and  the  system  was  pumped  down  to  0.0 1  mm.  mercury  pres- 
sure, with  the  charge  and  furnace  tube  heated  to  about  300  °.  The  tem- 
perature was  then  raised  to  about  984  °.  The  initial  manometer  pressure 
was  read  after  equilibrium  was  reached.  Successive  quantities  of  oxy- 
gen were  then  removed.  After  each  removal  of  oxygen  the  temperature 
was  brought  back  to  984  °  and  the  pressure  was  again  recorded  when  it 
reached  a  constant  value.  Each  recorded  pressure  reading  was  approached 
several  times  from  temperatures  both  above  and  below  9840.  The  results 
are  given  in  Table  III.    In  Table  III  arrows  after  pressure  values  indi- 

Tablb  III. 

Dissociation  Pressures  of  Cupric  Oxide. 

Weight  of  charge  2 .8206  g.  =  0.0355  mol  cupric  oxide. 

Mol  fraction  Temperature.  Pressure.  * 

CuO  in  charge.  °  C.  Mm."  of  mercury.  T(abs.) 

0.021  g.  of  Oi  to  fill  apparatus,  equivalent  to 

loss  of  0.00192  mol  of  CuO. 

9835  68.21  t  0.0007959 

0.975  998.5  9322  f  0.0007868 

983.6  68.99  I  0.0007958 

Removed  0.02165  g.  of  02  =  0.00271  mol  of  CuO. 

0.930  983-5  68.25  t  0.0007959 

Removed  0.05105  g.  of  0*  =  0.00640  mol  of  CuO. 

0.817  9836  67.91  t  0.0007958 

Charge  left  overnight  at  about  900  °. 

9834  68.29  t  0.0007959 

Removed  0.04937  g.  of  Ot  =  0.00616  mol  of  CuO. 

0.707  983-7  68.07  t  0.0007958 

Removed  0.06492  g.  of  Oi  =  0.00812  mol  of  CuO. 

0.447  983-6  67.91  t  0.0007958 

9837  67.73  f  0.0007959 

9837  67.85  f  0.0007958 

Charge  quickly  cooled.    Apparatus  evacuated  cold. 

0.0105  Z'  of  Oi  removed  during  evacuation. 

Total  oxygen  removed  =  0.198  g. 

Loss  in  weight  of  charge  after  cooling  =  0.191  g. 

cate  whether  pressure  was  reached  from  above  or  below  the  equilibrium 
pressure.  That  is,  an  upward  pointed  arrow  indicates  that  the  recorded 
pressure  was  reached  from  a  lower  value,  and  by  dissociation. 

After  the  experiment  the  charge  was  quickly  cooled  and  the  crucible 
removed  and  weighed.  The  loss  in  weight  (0.191  g.)  corresponds  fairly 
closely  to  the  calculated  weight  of  oxygen  removed  during  the  experiments. 


Digitized  by  VjOOQIC 


2594  p*  HASTINGS  SMYTH  AND  HOWARD  S.  ROBERTS. 

It  was  not  possible  to  quench  the  charge  rapidly  enough  to  avoid  the 
absorption  of  some  oxygen  during  cooling.  The  total  quantity  of  oxygen 
available  from  2.8206  g.  of  cupric  oxide,  assuming  the  reaction:  4CUO  — ► 
2CU2O  +  O2,  is  0.283  g»  Ftom  this  we  calculate  that  69%  by  weight 
of  cupric  oxide  was  converted  into  cuprous  oxide  during  the  experiment. 
Microscopic  examination  of  the  cooled  charge  showed  it  to  be  about  */s 
converted  into  cuprous  oxide  which  appeared  as  entirely  distinct  red  crys- 
tals separate  from  the  remaining  black  particles  of  cupric  oxide.  This 
result  strongly  indicates  the  absence  of  solid  solutions  at  984  °.  With  the 
idea  that  high  initial  pressures  (obtained  by  previous  investigators)  might 
be  due  to  the  giving  off  of  adsorbed  nitrogen  by  the  charge  of  cupric  oxide 
under  certain  conditions,  the  following  experiment  was  tried. 

Experiment  2. — A  charge  of  pure  cupric  oxide  was  placed  in  the  ap- 
paratus and  pumped  to  0.01  mm.  pressure  at  room  temperature.  The 
charge  was  then  treated  as  in  Experiment  1.  The  results  are  given  in 
Table  IV.    During  this  experiment  the  behavior  of  the  temperature  of 

Table  IV. 

Dissociation  Pressures  of  Cupric  Oxide. 

Charge:  2  .7822  g  of  cupric  oxide. 

Behavior  of  temperature 
Temperature.  Preeeure.  of  charge 

•  C  Mm.  of  mercury.  on  removal  of  oxygen. 

Oxygen  required  to  fill  apparatus  «=  0.021  g. 

983.7  81.22  t  

9830  77  31  I  

982.7  75.88|  

Removed  0.0011  g.  of  Ot. 
982.7  74.10 1  Drop  20 

Removed  0.0597  g-  of  Ot. 
982.7  71.08  t  Drop  30 

Removed  o  .0720  g.  of  Ot.  Drop  40 

Furnace  cooled  overnight  to  room  temperature.    Pressure  dropped  to  zero.    Gas 
completely  re-absorbed. 
982  .7  71 .26  t 

Removed  0.0752  g.  of  Ot. 
982.6  68.44  t  Drop  40 

Removed  o  .0305  g.  of  Oj. 
982.6  67.12  t  Drop  20 

Removed  0.0166  g.  of  Ot. 
982.3  57.14  (Stationary)  Drop  2 ° 

Removed  unmeasured  quantity  of  Oj 
982 .3  1 6 .  94  (Stationary)  Stationary 

Removed  unmeasured  quantity  of  Ot. 
982.1  2 .68  (Stationary)  Stationary 

Last  pressure  rose  about  0.2  mm.  in  30  minutes,  possibly  indicating  initial  disso- 
ciation of  cuprous  oxide. 
Total  oxygen  removed  to  point  where  pressure  did  not  react  to  temperature  = 

0.276  g. 
Theoretical  amount  of  oxygen  required  to  give  pure  cuprous  oxide  ■»  0.280  g. 


Digitized  by  VjOOQIC 


THE  SYSTEM  CUPRIC  OXIDE,   CUPROUS  OXIDE,  OXYGBN.  2595 

the  charge  during  the  removal  of  oxygen  from  the  system  was  carefully 
watched.  The  slightest  amount  of  dissociation  was  immediately  notice- 
able by  the  temperature  drop  in  the  charge  which  it  caused. 

The  above  results  show  a  continual  decrease  in  the  apparent  equilibrium 
pressure  of  about  8  mm.  between  the  point  at  which  the  charge  is  prac- 
tically pure  cupric  oxide  and  the  point  at  which  it  is  nearly  converted 
into  cuprous  oxide. 

After  the  removal  of  about  0.07  g.  of  oxygen  the  equilibrium  pressure 
fell  about  5  mm.  and  was  practically  unchanged  by  the  further  removal 
of  0.147  g-  On  the  further  removal  of  0.0305  g.  of  oxygen,  dissociation 
was  nearly  complete,  cuprous  oxide  was  present  in  excess,  and  the  equil- 
ibrium pressure  was  adjusting  itself  very  slowly. 

From  what  we  know  of  the  effect  on  dissociation  pressures  of  the  forma- 
tion of  solid  solutions,  the  pressure  changes  indicated  in  Table  IV  are 
hardly  sufficiently  great  to  be  attributed  to  this  cause.  Sosman  and 
Hostetter1  found  that  in  the  case  of  the  solid  solutions  of  ferroferric  oxide 
in  ferric  oxide,  the  dissociation  pressure  dropped  about  50%  of  its  initial 
value  at  12000,  while  the  ferrous  oxide  content  of  the  charge  increased 
from  zero  to  13%.  No  such  parallel  behavior  of  the  pressure  can  be 
noted  in  the  present  experiment  where  the  initial  pressure  dropped  only 
6%  of  its  original  value  on  removal  of  less  than  3%  of  the  total  available 
oxygen,  and  then  remained  practically  unchanged  until  dissociation  of 
the  cupric  oxide  was  complete. 

As  each  quantity  of  oxygen  was  removed,  the  temperature  of  the  charge 
dropped  from  2  °  to  40,  until  the  pressure  became  57.14  mm.  This  pres- 
sure was  not  sensitive  to  slight  temperature  changes,  and  further  removal 
of  oxygen  gave  a  manometer  reading  of  16.94  mm.  without  any  effect 
on  the  charge  temperature  due  to  further  dissociation.  This  shows  t^at 
when  dissociation  is  complete,  the  equilibrium  pressure  drops  abruptly, 
subsequent  pressures  being  insensitive  to  temperature  change,  and  re- 
moval of  oxygen  from  the  system  causing  no  temperature  reaction  in  the 
charge.  The  slightly  high  initial  pressure,  therefore,  obtained  in  this  ex- 
periment is  probably  due  to  the  liberation  of  nitrogen  adsorbed  by  the 
cupric  oxide  during  cooling  in  air. 

The  following  experiment  shows  that  cupric  oxide  does  retain  adsorbed 
gas  very  tenaciously. 

Experiment  3. — A  charge  of  about  3  g.  of  cupric  oxide  was  heated 
slowly  from  room  temperature,  during  which  time  the  system  was  evacu- 
ated continuously  by  means  of  the  diffusion  pump.  Readings  of  pres- 
sure and  temperature  are  plotted  against  time  in  Fig.  5.  The  pressure 
curve  (P  in  the  figure)  passes  through  a  maximum  at  about  365  °;  an 
extrapolation  of  the  right-hand  portion  of  the  curve  reaches  about  0.0 1 
1  Sosman  and  Hostetter,  This  Jouknal,  38,  83a  (1916). 
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nam.  at  365  °  as  shown  by  the  dotted  line.  This  is  presumably  about 
the  pressure  that  would  be  developed  by  the  cupric  oxide  if  no  gas  were 
adsorbed  by  it  at  this  temperature. 
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Fig.  5. — Pressure  over  charge  during  evacuation  and  simultaneous  heating. 

With  another  charge  of  cupric  oxide  the  temperature  was  raised  through 
a  period  of  40  minutes  to  330  °,  running  the  pump  continuously  as  before. 
The  furnace  was  then  allowed  to  cool  slowly,  reaching  249  °,  when  the 
pressure  had  fallen  to  0.008  mm.  The  furnace  was  lowered  away  from 
the  reaction  chamber  and  the  system  pumped  down  to  0.00 1  mm.  at  50 ° 
and  shut  off  from  the  pump.  The  charge  was  then  heated  rapidly  to 
1055  °  when  a  300  cc.  bulb,  which  had  been  connected  to  the  system,  was 
sealed  off.  After  absorbing  the  oxygen  in  the  bulb  with  an  ammoniacal 
copper  solution,  0.08  cc.  of  gas  remained.  This  quantity  of  gas  would 
have  been  sufficient  to  raise  the  pressure  in  the  system  by  about  0.4  mm. 
Thus  even  after  pumping  out  a  charge  of  cupric  oxide  at  330  °  an  appre- 
ciable amount  of  nitrogen  remains  which  is  driven  out  at  higher  tem- 
peratures. The  results  of  this  experiment,  taken  in  conjunction  with  the 
high  initial  pressures  of  Expt.  2,  indicate  that  when  charges  of  cupric 
oxide,  cooled  in  air,  are  heated  in  a  closed  system,  misleading  pressure 
values  will  almost  certainly  be  obtained  through  the  liberation  of  adsorbed 
nitrogen  at  high  temperatures. 

Experiment  4. — The  equilibrium  pressure  of  oxygen  over  practically 
pure  cupric  oxide  was  determined  as  follows.  A  charge  of  cupric  oxide 
was  pumped  down  at  200  °.  Oxygen  was  then  run  into  the  apparatus 
at  a  pressure  of  228.65  mm-  anc*  the  temperature  was  raised  to  about 
984  °.  Oxygen  was  then  removed  in  very  small  amounts,  until  a  pres- 
sure was  reached  where  further  withdrawal  of  oxygen  caused  a  drop  in 
the  temperature  of  the  charge,  and  a  pressure  adjustment  took  place. 
The  results  are  given  in  Table  V. 
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Table  V. 

Dissociation  Pressures  of  Cupric  Oxide. 

Charge  2 .2490  g.  of  CuO. 


Time 
elapsed 
between 


Temp. 
•C. 


9832 


removals 

of  oxygen  •' 

Min. 


983  5 
983  3 
983  4 


9833 


: 


11 
18 

9 
12 
12 

31 
10 

19 
10 
12 
10 

9 
52 

7 
12 
10 

9 


Pressure 

on 

removal  Time  to 

of  reach 

oxygen,  constant 

Mm.  of  pressure, 

mercury.  Min. 


Pinal 
constant 
pressure. 

Mm.  of 
mercury. 

228.65 


219.00 
209.93 
19982 
189.20 

179.35 
168 . I I 

157.47 

I5L25 

l4°-39 

129.26 

118.27  ( 

107 .44  < 

9991 

9358 

82.97 

72.79^ 

68.83 


68 


1 
.66+    J 


Oxygen 

removed. 

G. 


Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd. 
Undet'd 
Undet'd. 
Undet'd. 


o 
b 

3 


Tempera- 

tura 

drop  on 

removal 

of  oxygen. 

microvolts. 

None 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
8  m.v. 


Left   overnight  at  about  8500.     Pressure  dropped  to  60.87  mm.     Temp,  raised 
again  to  983 .6°  on  following  day,  and  held  constant  for  3  hrs. 
983.6  >  f     3  hrs.        71.26I 


983.6  { 
983.6  ' 


20  hrs. 
43  min. 


r 


I    62.96       40  min.     70. 26^    -J 
*    64.22       31  min.     69.82^ 


0.0152 
0.0053 


20  m.v. 
17  m.v. 
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An  examination  of  this  table  shows  that  the  charge  did  not  begin  to 
dissociate  at  983.3 °  until  the  pressure  had  dropped  to  63.24  mm.  At 
this  point  an  immediate  drop  of  temperature  was  evident  in  the  charge, 
and  the  pressure  roge  again  to  68.66  mm.  when  the  temperature  was 
restored  to  983.3  °.  After  leaving  this  charge  for  17  hours  at  850  °,  the 
pressure  again  rose  to  71.26  mm.,  after  holding  the  temperature  once 
more  for  3  hours  at  983.3  °.  Further  removal  of  oxygen  from  the  system 
did  not  effect  a  material  change  in  the  equilibrium  pressure.  These 
results  agree  with  those  obtained  in  Expt.  1.  That  the  final  pressure 
(about  70  mm.  of  mercury)  was  indeed  the  equilibrium  pressure  at  983.3  °, 
was  further  demonstrated  by  twice  again  approaching  this  equilibrium 
temperature  from  2  directions,  with  the  results  shown  in  Table  VI. 

Tabis  VI. 
Dissociation  Pressures  of  Cupric  Oxide. 
Charge:  Same  as  that  of  Table  V. 
Temperature.  •  C.  Pressure.  Mm.  of  mercury. 

983.5  70.62J 

983  3  70.5of 

Arrows  indicate  whether  pressure  was  falling  or  rising  at  time  of  final  reading. 
The  conclusion  can  safely  be  drawn  that  solid  solutions  of  cuprous 
oxide  in  cupric  oxide  do  not  exist  at  983  °,  and  therefore  probably  at  no  tem- 
perature at  which  both  oxides  remain  solid. 

It  remains,  therefore,  to  determine  the  form  of  the  oxygen  equilibrium 
pressure  curve  for  the  reaction  4CUO  T"**  2Cu*0  +  O2. 

As  pointed  out  above,  the  curve  will  have  3  branches  which  will  be 
treated  separately:  (1)  when  there  are  present  oxygen  gas  and  cupric 
and  cuprous  oxides  as  solid  phases;  (2)  solid  cupric  oxide,  liquid  solution 
of  cuprous  oxide  in  cupric  oxide,  and  oxygen  gas;  (3)  solid  cuprous  oxide, 
liquid  solution  of  cupric  oxide  in  cuprous  oxide,  and  oxygen  gas. 

One  point  on  the  first  curve  has  been  determined  above  in  the  search 
for  solid  solutions.  At  the  conclusion  of  Expt.  4  the  temperature  of  the 
charge  was  raised  to  determine  2  additional  points,  given  in  Table  VII. 

Tabls  VII. 
Dissociation  Pressures  of  Cupric  Oxide. 
Charge:  Same  as  that  of  Table  IV. 
Temperature.  •  C.  Pressure.  Mm.  of  mercury. 

IOI77  135. 31 t 

1043.3  214.61! 

1043.2  2 14. 61  >|r 

IO43. 1  214.85! 

The  arrows  again  indicate  whether  pressure  was  approached  from 
above  or  below  the  equilibrium  point.  Microscopic  examination  of  the 
cooled  charge  removed  after  this  experiment,  showed  the  presence  of 
considerable  cuprous  oxide. 

Experiment  5.— A  mixed  charge  of  0.7647  g.  of  cuprous  oxide  and 
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2.1616  g.  of  cupric  oxide  was  heated  to  about  750 °,  the  apparatus  having 
been  evacuated  cold.  The  pressure  rose  to  about  3.9  mm.  The  charge 
was  again  cooled  and  the  residual  gas  was  pumped  out  to  a  pressure  of 
0.00 1  mm.  The  charge  was  then  heated  to  a  series  of  temperatures.  The 
results  are  given  in  Table  VIII. 

Tablb  VIII. 
Dissociation  Pressures  Obtained  with  a  Charge  of  Mixed  Oxides. 
Charge:   0.7647  g.  CuiO 
2.16x6  g.  CuO. 


Temperature. 

°C. 

956.O 

956.O 

956.O 

956.1 

956.2 
IOOI .0 

1000.7 

1000.5 

1000.6 

1000.6 

1000.6 
1038.6 

1038.8 
1038.8 
1038.8 
1 041 .9 
1038.9 
1038.9 
1038 .9 
1038.9 
1038.9 


Pressure. 

Mm.  of  mercury* 

40.24 

40.46  < 

40.56 

40.82 

41 .06 
97  07 

96.87 

9665 

96.77 

96.77 

96.79 
193-26 

194  50  < 

19472 

19466 

Small  quantity  of  oxygen  added. 
209.00  « 

196.33 

195.58 

195.48 

195  40  ' 
195.48 


Time 

between  readings. 

Min. 


22 
82 
30 
30 

14 
12 
12 

7 
9 

9 

7 

10 

16 
9 
8 

7 

8 
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Tabu;  VIII  (continued). 


imperature. 
°C. 

Pressure. 
Mm.  of  mercury. 

Time 

between  reediags. 

Min. 

IO58.3 

236.09  \ 

18 

1059.O 

277 .47  < 

8 

IO59. I 

277.55  I 

6 

IO59. 1 

278.53  \ 

3 

IO59.2 

279.07  i 

* 

IO59.2 

279.07  I 

6 

IO59 . I 

278.97  | 

3 

IO59. I 

278.91  > 
Small  quantity  of  oxygen  added. 

1061 .6 

293 . 10  1 

2 

1060.0 

287 . 10  < 

8 

1059.2 

280.15  < 

4 

1059. 1 

279.93  \ 

22 

1059 . 1 

279.71  ' 

These  results  with  a  mixed  charge  are  given  in  full  in  order  to  show 
that  long  periods  were  allowed  at  each  temperature  to  approach  equi- 
librium from  both  sides,  and  that  the  pressure  changes  rather  slowly  in 
the  immediate  neighborhood  of  the  equilibrium  point.  The  pressure  is 
also  very  sensitive  to  exceedingly  small  temperature  fluctuations,  but 
Table  VIII  shows  that  the  temperature  was  fairly  well  controlled. 

Final  equilibrium  pressures  from  the  above  experiments,  with  certain 
additional  points  determined  in  a  similar  manner,  are  tabulated  in  Table 
IX,  together  with  the  reciprocals  of  the  absolute  temperatures,  and  the 
logarithms  of  the  pressures. 

The  data  of  Table  IX  are  plotted  in  Figs.  7  and  9.  Previous  results 
obtained  by  Foote  and  Smith  are  also  shown,  and  our  own  values  ob- 
tained with  charges  of  mixed  oxides  are  indicated  by  vertical  lines. 

The  best  curve  which  can  be  drawn  through  the  points  determined  by 
the  figures  of  Cols.  3  and  5  of  Table  IX,  below  the  eutectic  point,  is 
a  straight  line  (Fig.  7).  All  equilibrium  points  obtained,  whether  over 
pure  cupric  oxide,  partially  dissociated  charges,  or  charges  previously 
mixed,  lie  on  this  line  within  the  limits  of  experimental  error.  This  proves 
conclusively  that  the  heat  effect  of  Reaction  I  is  substantially  constant, 
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and  that  solid  solution  between  the  2  oxides  cannot  take  place  to  an 
appreciable  extent. 

Tablb  IX. 

Equilibrium  Pressures  for  the  System  CuO  (s),  CujO  (s),  Oi  (g). 

Summary  of  results  of  Experiments  1  to  4,  inclusive,  with  some  additional  points  on 

the  pressure-temperature  curve 


emperature. 

Temperature.                 _L  v  im 

Pressure. 

°C. 

0  Absolute.                    T  *  '    ' 

Mm.  of  mercury. 

Log1§  P. 

838.8 

III  1. 8                      0.8994 

4.62 

O.66464 

905.0 

X 178.O                      0.8488 

14.92 

I. 17377 

915.6 

1188.6                      0.8413 

17.20 

1.23553 

956.2 

1229. 2                      0.8135 

41.06* 

I. 61342 

956.1 

1229. I                       0.8136 

40.82 

I. 61087 

9835 

"56.5                       0.7958 

68.50 

I   83569 

983  3 

1256.3                      0.7959 

7O.50 

I .84819 

9835 

1256.5                       O.7958 

70.60* 

I .84880 

1000.6 

1273.6                      0.7851 

96.77* 

I  98574 

1017.7 

1290.7                       0.7747 

135.31 

2. 13 133 

1038.8 

I3II.8                      0.7623 

I95O0* 

2.20003 

1043. 1 

1316.I                       O.7598 

214.85 

2.33213 

1059. 1 

1332. 1                       O.7506 

279.00* 

244560 

*  Charge  of  mixed  oxides. 

'  Charge  of 

pure  cupric  oxide  (average  value). 

All  other  points  obtained  with  partially  dissociated  charges. 

6.  Experimental  Results.  II:  System  CuO(s),  [CuO,Cu,0]  (1),  0*(g). 

In  order  to  determine  points  on  the  equilibrium  curve  for  this  system, 
2  methods  were  employed,  both  of  which  are  somewhat  subject  to  error 
due  to  the  difficulty  of  temperature  control  and  measurement  when  the 
charge  starts  to  melt.  These  consisted  first  in  heating  a  charge  of  pure 
cupric  oxide  in  an  excess  pressure  of  oxygen  to  a  given  temperature  and 
then  removing  oxygen  slowly,  as  in  Expt.  4  above,  until  the  pressure 
returned  to  a  constant  value;  and  second,  in  heating  pure  cupric  oxide 
in  a  high  pressure  of  oxygen  until  dissociation  took  place.  This  last 
point  was  evident  from  the  shape  of  the  heating  curve,  because  when  dis- 
sociation began  at  a  temperature  above  the  eutectic  point,  fusion  oc- 
curred at  once. 

The  difficulty  with  both  these  methods  lay  in  the  fact  that  the  tem- 
perature of  the  charge  was  always  very  erratic  when  fusion  took  place, 
because  of  the  complicated  changes  which  occurred.  Between  the  eutec- 
tic point  and  the  melting  point  of  pure  cupric  oxide,  fusion  must  be  pre- 
ceded by  dissociation,  and  addition  of  heat  causes  a  continuation  of  the 
process,  which  always  seems  to  cause  sudden  local  temperature  changes 
throughout  the  charge.  These  were  plainly  registered  by  the  thermo- 
element. 

However,  the  sudden  irregularities  in  temperature  were  themselves 
indications  that  dissociation  and  fusion  were  taking  place,  and  smooth 
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curves  drawn  through  the  irregular  parts  of  the  actual  heating  curves 
obtained  indicate  the  true  temperature,  it  is  thought,  certainly  within 
a  degree.  In  Fig.  6  is  shown  a  typical  heating  curve  for  a  charge  of  cupric 
oxide  under  a  pressure  of  6700  mm.  of  mercury.  1171  °  is  chosen  as  the 
corresponding  temperature. 
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Fig.  6. — Typical  time- temperature  curve  for  melting  cupric  oxide  with  simultaneous 

dissociation. 

Dissociation  pressures  up  to  2000  mm.  were  determined  in  the  quartz- 
tube  apparatus,  the  pressures  being  read  on  the  mercury  manometer. 
Higher  pressures  were  determined  in  the  bomb-furnace,  and  were  read  on 
the  Bourdon  gage.    Results  are  given  in  Table  X. 

Tablb  X. 

Dissociation  Pressures  of  Cupric  Oxide. 

System  CuO  (s)  —  CmO.CuO  (1)  —  Ot  (g). 


Temperature. 

J  x  10* 

Pressure. 

°C. 

Mm.  of  mercury. 

L*f  u  *. 

1083.8 

0.7370 

450 

2  .6532 

1088.7 

0.7345 

512 

2.7093 

1092 .6 

0.7322 

6oi 

2-77*9 

1096.4 

0.7302 

671 

2 .8267 

IO97.2 

0.7298 

722 

2 .8585 

IIO5.7 

0.7253 

939 

2.9727 

HI9.0 

0.7184 

1258 

3  0997 

1130.0 

0.7128 

1716 

3-2345 

1 135. 8 

0.7098 

2020 

33053 

1171 .0 

0.6925 

6700 

3- 821 1 

1204.4 

0.6769 

16090 

4.2063 

1210.6 

0.6740 

21450 

4-33*4 

1232.5 

O.6643 

44700 

46503 
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An  examination  of  Table  X  shows  a  rapid  rise  of  equilibrium  pressure 
with  temperature.  But  even  at  the  highest  pressure  and  temperature 
recorded,  the  melting  point  of  pure  cupric  oxide  without  dissociation  has 
not  been  reached.    This  is  apparent  from  the  logarithmic  plot  of  these 
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Fig.  7. — Plot  of  logw  p  vs.  i/T  abs.  for  the  dissociation  of  cupric  oxide. 

data  (Fig.  7),  in  which  the  equilibrium  curve  does  not  yet  show  a  ten- 
dency to  become  nearly  vertical  as  would  be  predicted  at  the  melting 
point  of  pure  cupric  oxide.  It  is  shown  more  definitely  by  the  fact  that 
all  the  charges,  when  cooled,  showed  the  presence  of  considerable  cuprous 
oxide  when  examined  under  the  microscope. 

7.  Experimental  Results.  HI:  System  Cu20(s),  [Cu0,Cu20](l),0i(g). 
Charges  of  pure  cuprous  oxide  were  heated  in  the  evacuated  apparatus 
(Fig.  2)  to  temperatures  above  the  eutectic  point  and  oxygen  was  ad- 
mitted in  small  quantities  until  it  was  absorbed  by  the  charge  and  the 
pressure  readily  responded  to  slight  temperature  changes.  That  pressure 
adjustment  appeared  very  rapid  is  shown  on  the  accompanying  plot 
(Fig.  8)  in  which  pressures  in  mm.  of  mercury  are  plotted  vertically  and 
centigrade  temperatures  horizontally,  the  points  representing  readings  30 
seconds  apart,  while  the  temperature  of  the  charge  was  slowly  raised  and 
lowered.  The  ascending  and  descending  curves  lie  very  close  to  each 
other,  indicating  a  slight  lag  of  pressure  adjustment  behind  the  temper- 
ature but  showing  in  a  striking  way  how  the  pressure  values  vary  in 
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a  manner  the  reverse  of  the  temperature  changes.  Points  lying  in  the 
center  of  pressure  temperature  loops  thus  obtained  might  be  considered 
as  representing  equilibrium  points.  The  two  points  A  and  B  (Figs.  7 
and  9)  are  shown  with  corresponding  letters  on  the  plots  together  with 
2  other  points  obtained  from  independent  experiments.  This  method  of 
experimentation  has,  however,  led  to  discordant  results,  and  many  points 
determined  in  this  manner  do  not  lie  on  any  smooth  curve  which  can  be 
drawn  through  them  and  the  eutectic  point. 

We  hope  later  to  show  the  cause  of  these  variations,  but  for  the  present 
cannot  show  the  true  equilibrium  values  for  this  part  of  the  system.    These 

preliminary  results  are  here 
given  as  showing  the  main  fact 
that  the  behavior  of  the  pres- 
sure with  the  temperature  is  in 
accord  with  the  prediction,  and 
the  general  direction  of  the  pres- 
sure temperature  curve  is  indi- 
cated. 

The  Eutectic  Point— It  has 
been  found  impractical  to  make 
a  direct  determination  of  the 
eutectic  point,  which  is  also  the 
quadruple  point  of  the  system, 
by  taking  either  heating  or  cool- 
ing curves  on  charges  of  mixed 
oxides.    This  is  due  to  the  fact 
that  the  temperature  changes  at 
this  point  become  too  erratic  to 
interpret,  even  in  the  manner 
described  above,  in  determining 
dissociation  pressures  at  higher 
1140      1160      lieo    ^i7dyc        temperatures.    The  best  value 
Fig.  8.— Showing  behavior  of  pressure  with  tem-  which  can  be  given  is  therefore 
perature  when  the  phases  present  are  cuprous  obtained   by  extrapolating  the 
oxide,  liquid  mixture  of  cupric  and  cuprous  curves  drawn  through  the   ac- 
oxides,  and  oxygen  gas.  curately   determined   points  to 

their  intersection,  which  gives  for  the  eutectic  point  a  value  of  390  mm. 
pressure  and  1080.2  °  (Fig.  7).  This  point  is  also  a  point  on  the  curve 
for  the  system,  CuxO(s),[Cu20,CuO](l),02(g). 

Values  of  pressures  in  millimeters  of  mercury  at  temperature  intervals 
of  200,  as  taken  from  the  logarithmic  plot  (Fig.  7),  are  given  in 
Table  XI. 
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Table  XI. 
Oxygen  equilibrium  pressures  for  the  systems: 

4CuO  (s)  ^±:  2CU1O  (s)  +  O,  (g). 
4CuO  (s)  ^±1  [2Cu,0,xCuO]  (1)  +[Ot  (*)• 
At  even  temperatures  from  900  °  to  12400 


Temperature. 

0  C.                         Pressure.  Mm.  of  mercury. 

900 

".5 

920 

19.2 

940 

29.2 

960 

43.9 

980 

/ 

65.0 

IOOO 

95  3 

1020 

137.7 

IO40 

196.0 

IO60 

278.0 

1080 

388.0 

(1080.2 

:  eutectic  point  % 

390.0) 

I IOO 

724.0 

1 120 

13^8. 

1140 

2440. 

1 160 

4470. 

1 180 

8180. 

I200 

15150. 

I220 

29000. 

1240 

575oo. 

Pressure.   Atmospheres. 


0 

95 

I 

75 

3 

21 

5 

87 

10 

8 

19 

9 

38 

1 

75 

7 

Fig.  9  shows  the  curve  which  the  points  of  Table  XI  determine  up  to 
a  pressure  of  2000  mm.,  together  with  the  points  experimentally  found 
over  this  same  pressure  range. 

mrn  Hg 
2000 


1000  Tc  1100     °c 

Fig.  9. — Dissociation  pressure  curve  of  cupric  oxide. 
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8.  Calculation  of  Energy  Changes. 

Over  that  part  of  the  temperature  range  above  900  °  in  which  no  liquid 
phase  appears  the  integrated  form  of  the  van't  Hoff  equation 

2.303  log10  p(mm.)  =  —  — *  +  const. 

RT 

may  be  directly  applied. 

Solving  for  the  constants  of  this  equation,  applying  the  method  of  least 

squares  to  the  data  of  Table  IX,  we  obtain 

log10  />(mm.)  =      *i21    +  12.35 

as  the  equation  connecting  the  dissociation  pressure  of  cupric  oxide  with 
the  absolute  temperature  for  the  range  900 °  to  1082  °  (the  eutectic  point). 
From  this  we  calculate 

&H\  =  60,568  calories 
for  the  change 

4CuO(s)  — ►  2Cu,0(s)  +  02(g) 
or 

(AHl0ooo):  CuO(s)  — ►  V2Cu20(s)  +  V4Qt(g)  —  15,142  cal. 
Previously  determined  values  for  the  last  quantity  are  17,500  calories,1 
18,100  calories,2  and  16,755  calories.8 
Again  for  the  change : 

4CuO(s)  Z^.  2CujO(s)  +  02(g  1  atm.) 
the  corresponding  free  energy  decrease  is 

- AF  =  2.303  RT  log10  ^El}  =  -60568  +  43-387. 

760 

In  making  the  foregoing  calculations,  only  data  lying  between  900  °  and 
the  eutectic  point  have  been  used.  A  reference  to  Fig.  7  will  show  that 
the  first  point  of  Table  IX  with  a  pressure  of  4.62  mm.  at  838.8  °,  is  not 
in  agreement  with  the  rest  of  the  data,  and  shows  too  high  a  pressure 
value.  It  is  thought  that  the  pressure  data  at  this  low  temperature  are 
unreliable  both  because  of  the  fact  that  small  amounts  of  adsorbed  gases 
cause  a  large  percentage  error  in  pressure  readings,  and  because  equi- 
librium is  obtained  very  much  more  slowly  as  the  temperature  drops 
below  900  °.  For  these  reasons  we  believe  better  values  of  equilibrium 
pressures  at  low  temperatures  may  be  obtained  by  extrapolation  of  the 
logarithmic  curve  than  by  direct  measurement. 

9.  Summary  of  Results. 
1.  It  has  been  shown  that  solid  solution  of  cuprous  oxide  in  cupric 
oxide  does  not  take  place  in  the  temperature  range  where  both  oxides 

1  Dulong,  Compt.  rend.,  7,  871  (1838). 

8  Andrews,  Phil.  Mag.  [3],  32,  321  (1848). 

» J.  Thomsen,  "Thermochemistry,"  1908,  p.  268. 
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remain  solid.  Previous  results  indicating  such  solution  may  probably 
be  explained  by  lack  of  careful  temperature  control,  and  by  possible 
adsorption  of  nitrogen  in  solid  cupric  oxide  giving  high  initial  pressures. 
Results  below  the  eutectic  point  are  in  agreement  with  those  of  Foote 
and  Smith.1 

2.  The  pressure-temperature  equilibrium  curves  for  the  system  CuO, 
Cu20,02  have  been  established  over  the  range  (1),  in  which  the  oxides 
remain  solid,  below  the  eutectic  point,  and  (2)  above  the  eutectic  point 
where  cupric  oxide  remains  the  solid  phase,  up  to  12330. 

3.  The  pressure  and  temperature  of  the  quadruple  (eutectic)  point  for 
the  system  have  been  established  from  the  intersection  of  these  2  curves. 
The  quadruple  point  lies  at  1080.2  °  and  390  mm.  pressure. 

4.  The  general  direction  of  the  equilibrium  curve  has  been  indicated  for 
the  system  when  cuprous  oxide  remains  the  only  solid  phase,  and  it  has 
been  proved  that,  in  accordance  with  theory,  the  equilibrium  pressure 
drops  in  this  case  with  rise  in  temperature. 

5.  It  has  been  shown  that  pure  cupric  oxide  does  not  melt  without  dis- 
sociation below  12330. 

The  foregoing  investigation  was  begun  by  one  of  us  at  the  Research 
Laboratory  of  Physical  Chemistry  of  the  Massachusetts  Institute  of 
Technology.  The  work  was  interrupted  at  the  declaration  of  war  and 
has  been  continued  in  this  Laboratory. 

Washington,  D.  C 
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Selenium  oxychloride  was  prepared  by  bringing  together  molecular  pro- 
portions of  selenium  dioxide  and  selenium  tetrachloride.  The  dioxide 
was  prepared  according  to  Lenher.*  The  selenium  tetrachloride  was 
prepared  in  the  usual  manner  by  treating  selenium  with  an  excess  of  dry 
chlorine.  This  was  accomplished  by  allowing  finely  powdered  selenium* 
to  fall  through  an  atmosphere  of  dry  chlorine.  The  operation  was  car- 
ried out  in  the  apparatus  shown  in  Fig.  1 .  A  glass  tube,  A,  about  45  cm. 
long  and  38  mm.  in  diameter,  was  tightly  fitted  into  a  4-liter  flask,  B. 
A  glass  tube,  C,  about  25  mm.  in  diameter  and  91  cm.  long,  was  tightly 
fitted  into  Tube  A.  The  whole  apparatus  was  made  perpendicular  by 
suspending  a  small  weight  from  the  center  of  the  top  of  the  tube.  The 
dry  chlorine  was  passed  in  at  D,  until  the  whole  apparatus  was  filled  with 

1  hoc.  cit. 

1  Lenher,  This  Journal,  20,  555  (1898). 

*  The  selenium  used  in  this  work  was  obtained  through  the  courtesy  of  the  Balti- 
more Copper  Smelting  and  Refining  Company. 
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chlorine.  The  selenium  was  then  slowly  and  at  short  intervals  dropped 
into  the  top  of  the  tube  through  a  Gooch  crucible.  Between  the  inter- 
vals, the  tube  was  covered  with  a  crucible  lid.  At  first,  the  main  part 
\j  of  the  reaction  takes  place  near  the  top  of  the  tube,  but 

the  selenium  was  added  at  such  a  rate  that  most  of  the  re- 
action took  place  in  A  and  the  lower  part  of  C. 

The  major  portion  of  the  selenium  tetrachloride  falls 
directly  into  the  flask.    If  formed  too  high  in  the  tube  some 
of  it  is  driven  out  by  the  heat  of  the  reaction  and  the 
—  <«  larger  part  is  always  mixed  with  diselenium  dichloride.    If 
the  main  part  of  the  reaction  occurs  in  Tube  A  some  of 
the  material  will  sublime  on  the  sides  of  the  tube.    This  may 
be  pushed  down  into  the  flask.    If  the  main  part  of  the 
reaction  is  allowed  to  take  place  in  the  large  flask  there  is 
insufficient  chlorine  for  the  reaction  and  the  dichloride  is 
formed. 
—  w      When  sufficient  tetrachloride  had  been  formed,  the  chlorine 
supply  was  shut  off  and  the  small  tube,  C,  which  contains  a 
small  amount  of  tetrachloride,  mixed  with  the  dichloride,  is 
>  uo      removed.    Any  tetrachloride  formed  in  Tube  A  could  then 
,    be  forced  down  into  the  flask.    Tube  A  was  thereupon  re- 
moved and  the  tetrachloride  corked  up  tightly. 
I-      en       gy  knowing  the  weight  of  the  flask,  the  weight  of  the 
tetrachloride  is  easily  calculated.    Selenium  dioxide  is  then 
added  in  molecular  proportions  and  the  flask  gently  heated 
to  form  selenium  oxychloride.    This,  when  distilled  3  times, 
had  a  constant  boiling  point  of  179.40  (at  745.44  mm.),  and 
***£•  i-        a  conductivity  of  about  1/io  that  of  conductivity  water. 
The  apparatus  used  for  the  determination  of  the  dielectric  constant 
was  that  of  Drude  as  modified  by  Schmidt.1 

Three  cells  of  somewhat  different  electric  capacities  were  used.  These 
were  standardized  with  acetone  distilled  over  fused  calcium  chloride  and 
4  solutions  of  this  purified  acetone  and  water,  2  of  which  had  dielec- 
tric constants  below  that  of  selenium  oxychloride  and  the  other  2  had 
dielectric  constants  above  it.  The  data  for  these  solutions  were  taken 
from  Drude.2  The  water  used  was  that  prepared  for  conductivity  work. 
Ten  readings  were  taken  for  each  cell  for  each  solution;  of  these,  5 
were  taken  by  each  of  2  observers.  By  plotting  the  scale  readings  against 
the  dielectric  constants  a  curve  was  thus  obtained  for  each  cell,  and  the 
value  of  the  dielectric  constant  for  selenium  oxychloride  was  deduced  from 

1  W.  Schmidt,  Ann.  Phys.,  9,  919  (1902). 
4  Drude,  ibid.,  8,  336(1902). 
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the  scale.     The  unusally  high  value  of  the  dielectric  constant  thus  ob- 
tained is  of  interest. 

The  following  results  were  obtained. 

Tabus  I. — Dielectric  Constant  op  Selenium  Oxychloripb. 

At  20°.  At  10°.  Solid  at  0*. 

Cell  i 46.50  

Cell  2 47.10  51.30  13.80 

Cell  3 44 .20  50.70  18.80 

Liquid  selenium  oxychloride  has  a  dielectric  constant  of  46.2  *  1  at 
200,  51.00  =*=  0.5  at  io°  and  a  temperature  coefficient  of  1.04^. 

Solid  selenium  oxychloride  has  a  dielectric  constant  of  16.8  =*=  1  at  o°. 

This  work  was  suggested  by  Dr.  Herman  Schlundt  of  the  Department 
of  Chemistry.  His  valuable  assistance,  in  every  way,  is  hereby  acknowl- 
edged. 

Chsmicai,  Labomatory, 
Cowmbia,  Mo. 


VOLATILIZATION  LOSSES  OF  PHOSPHORUS  DURING  EVAP- 
ORATIONS OF  PHOSPHATES  WITH  SULFURIC  ACID  OR 
FUSIONS  WITH  PYROSULFATE.1 

By  W.  F.  Hiixbbrand  and  G.  E.  F.  Lundeia. 

Received  October  22,  1920. 

I.  Introduction. 

Little  has  been  written  as  to  the  possibility  of  volatilization  losses  of 
phosphoric  acid  during  operations  involving  evaporation  of  phosphates 
with  sulfuric  acid  or  fusion  with  pyrosulfate,  although  these  questions 
are  of  prime  importance  in  the  determination  of  phosphorus  in  rocks, 
ores,  metallurgical  products  and  many  other  materials.  The  experiments 
to  be  described  were  therefore  undertaken  with  a  view  to  determining 
whether  any  appreciable  volatilization  takes  place,  and  in  case  of  evidence 
of  volatilization,  to  discovering  contributing  causes  and  preventive 
measures. 

Rose2  says  in  speaking  of  the  treatment  of  phosphates  with  sulfuric 
acid,  "Erhitzt  man  bis  zum  Verdampfen  der  Schwefelsaure  so  kann  sich 
eine  Spur  Phosphorsaure  verflfichtigen." 

One  of  us8  has  repeatedly  called  attention  to  the  fact  that  the  pos- 
sibility of  loss  of  phosphorus  pentoxide  by  volatilization  during  a  pyro- 
sulfate fusion  or  evaporation  with  sulfuric  acid  must  be  borne  in  mind. 

Fresenius-Cohn4  discuss  losses  of  phosphorus  pentoxide  by  volatiliza- 

1  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 

*  H.  Rose,  "Handbook  of  Quantitative  Analysis,"  Finkener  Ed.,  2,  575  (187 1). 

•  W.  F.  Hillebrand,  "The  Analysis  of  Silicate  and  Carbonate  Rocks,'1  U.  S.  Geol. 
Surv.,  Bull.  700,  p.  116;  and  earlier  editions, 

4  Fresenius-Cohn,  "Quantitative  Chemical  Analysis,"  J.  Wiley  and  Sons,  1,  pp. 
444-445  (1904). 
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tion  as  follows:  "Bunce's1  statement  that  phosphoric  add  volatilizes 
when  a  phosphate  is  evaporated  to  dryness  with  hydrochloric  or  nitric 
acid  and  the  residue  heated  a  little,  is  quite  erroneous.  But,  on  the  other 
hand,  it  must  be  borne  in  mind  that  orthophosphoric  acid  under  these 
circumstances  changes,  not  indeed  at  ioo°  C,  but  at  a  temperature  still 
below  1500,  to  pyrophosphoric  acid;  thus,  for  instance,  upon  evap- 
orating common  hydrogen  sodium  phosphate  with  hydrochloric  acid  in 
excess,  and  drying  the  residue  at  1500,  we  obtain  2NaCl  +  NatHjPjO?." 
Fresenius  makes  no  mention  of  the  behavior  of  a  phosphate  upon  fuming 
with  sulfuric  acid  or  during  a  fusion  with  pyrosulfate. 

II.  Sources  of  Losses  of  Phosphorus  Pentoxide. 
A.  Manipulation  Losses. 

Losses  due  to  faulty  manipulation  are  easily  avoidable.  Care  must, 
of  course,  be  taken  during  evaporation  lest  there  be  undue  effervescence 
before  the  actual  fuming  of  the  sulfuric  acid.  Spattering  dining  pyro- 
sulfate fusions  can  be  entirely  avoided  through  the  use  of  a  properly 
prepared  pyrosulfate,8  a  low  initial  flame,  and  only  sufficient  heat  to  keep 
the  fusion  molten. 

B.  Conversion  Losses. 

1.  Preliminary  Remarks. — Losses  due  to  change  of  composition  are 
occasioned  by  the  conversion,  under  certain  conditions  of  evaporation  or 
fusion,  of  orthophosphoric  acid  into  pyro-  or  metaphosphoric  acids. 
These  acids  cannot  be  determined  by  any  of  the  methods  used  for  ortho- 
phosphoric acid,  and  hence  failure  to  reconvert  them  into  orthophosphoric 
acid  may  entail  serious  errors.  The  following  reconversion  procedures 
are  quoted  from  Fresenius-Cohn:8  "(1)  In  the  dry  way  by  protracted 
fusion  with  NaaCOa.  This  method  is  applicable  only  in  case  of  alkali 
meta-  and  pyrophosphates,  and  of  those  metallic  meta-  or  pyrophosphates 
which  are  completely  decomposed  by  fusion  with  alkali  carbonates;  it 
fails  with  the  salts  of  the  alkaline  earth  metals,  magnesium  excepted. 
(2)  In  the  wet  way  by  heating  with  strong  acid,  best  with  concentrated 
sulfuric  acid.  This  method  leads  to  the  attainment  of  only  approximate 
results,  in  the  case  of  all  salts  whose  basic  radicals  form  soluble  salts  of 
the  acid  added,  because  in  these  cases  the  meta-  or  pyrophosphoric  acid 
is  never  completely  liberated;  but  the  desired  result  may  be  fully  attained 
by  the  use  of  any  acid  which  forms  insoluble  salt  compounds  with  the 
basic  radicals  present.  Respecting  the  partial  conversion  in  the  former 
case,  I  have  found  that  it  approaches  the  nearer  to  completeness  the 
greater  the  quantity  of  free  acid  added,  and  that  the  ebullition  must  be 
long  continued." 

1  J.  B.  Bunce,  Am.  J.  Sti.  Arts  [2]  n,  403-5  (185 1). 

*  W.  F.  Hillebrand,  loc.  tit.,  p.  1 16. 

*  Fresenius-Cohn,  ibid. 
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2.  Experimental. — In  the  experiments  listed  in  Table  I,  phosphoric 
acid  or  phosphates  were  either  evaporated  with  sulfuric  acid  or  fused  with 
pyrosulfate  and  then  dissolved  under  conditions  giving  as  little  reconver- 
sion as  possible.  These  solutions  were  then  diluted  to  definite  volume  and 
aliquot  portions  taken  for  analysis  with  or  without  preliminary  reconversion 
treatment.  Double  precipitations  were  usually  carried  out  by  first  precipi- 
tating with  magnesia  mixture  in  excess,  filtering  without  washing,  dissolving 
the  precipitate  in  a  small  amount  of  hydrochloric  acid,  reprecipitating  in 
small  volume  after  the  addition  of  a  few  drops  of  magnesia  mixture1  and 
final  washing  with  10%  by  volume  ammonium  hydroxide  solution.  It 
was  f ound  that  Uxis  procedure  in  addition  to  being  more  accurate  than  a 
single  precipitation  afforded  a  test  for  converted  phosphates  since  these 
invariably  caused  a  marked  precipitation  in  the  second  filtrate  and  wash- 
ings when  excess  magnesia  mixture  was  added  and  the  solution  was 
allowed  to  stand  for  12  hours.  This  precipitation  is  due  to  the  fact  that 
magnesium  pyro-  and  metaphosphates  are  more  soluble  than  the  ortho- 
compounds.  Consequently  if  pyro-  or  meta-  compounds  are  present  the 
addition  of  an  excess  of  magnesia  mixture  in  the  first  precipitation  results 
in  a  more  complete  deposition  than  takes  place  in  the  second  precipitation 
where  the  precipitant  is  present  in  very  slight  excess.  In  addition  to  this, 
the  thorough  washing  of  the  second  precipitate  with  10%  (by  volume)  am- 
monium hydroxide  results  in  a  partial  solution  of  the  pyro-  and  meta-  com- 
pounds which  are  then  again  precipitated  in  the  filtrate  upon  standing.  The 
data  in  Table  I  demonstrate  that:  (1)  orthophosphoric  acid  and  secondary 
(presumably  also  primary)  phosphates  suffer  marked  conversion  upon  evap- 
oration to  dryness  with  sulfuric  acid,  and  serious  errors  will  ensue  in  these 
cases  if  phosphate  determinations  are  subsequently  carried  out  without  re- 
conversion treatment;  (2)  no  conversion  need  be  feared  in  evaporations 
involving  the  continuous  presence  of  excess  sulfuric  acid;  (3)  secondary 
(and  presumably  also  primary)  orthophosphates  suffer  partial  conversion 
during  fusions  with  pyrosulfate  and  require  reconversion  treatment  before 
precipitation  by  ordinary  methods.  Basic  orthophosphates  may  suffer 
conversion. 

In  the  light  of  the  experiments  performed,  it  is  apparent  that  all  phos- 
phate-bearing residues  obtained  through  evaporation  with  sulfuric  acid 
to  cessation  of  fumes,  and  all  pyrosulfate  fusions  of  phosphate  material 
should  be  boiled  with  acid,  preferably  10%  sulfuric  acid,  for  at  least  2 
hours  before  precipitation  as  phosphomolybdate  or  magnesium  ammonium 
phosphate. 

1  F.  A.  Gooch  and  M.  Austin,  Am.  J.  Sci.,  [4]  7,  187-198  (1899),  state  that  the 
first  phosphate  precipitate  should  be  filtered  off,  dissolved  in  hydrochloric  acid  and  re- 
precipitated  by  ammonia  without  further  addition  of  magnesia  mixture.  This  state- 
ment, which  has  been  copied  in  several  texts,  is  wrong,  since  this  procedure  is  sure  to 
lead  to  an  incomplete  final  precipitation. 
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C.  Volatilization  Losses. 
1.  Upon  Evaporation  with  Sulfuric  Acid. — Since  phosphorus  com- 
pounds begin  to  volatilize  from  phosphoric  acid  at  temperatures  near 
2700,  losses  are  to  be  expected  when  sulfuric  acid  solutions  of  phosphates 
are  evaporated  at  temperatures  near  this  point.  Sulfuric  acid  may,  how- 
ever, be  volatilized  at  temperatures  much  lower  than  this  and  therefore 
the  experiments  listed  in  Table  II  were  carried  out  to  ascertain  the  extent 
of  the  losses  which  might  be  expected  when  phosphate  solutions  were 
evaporated  at  low  temperatures  (just  fuming)  with  excess  of  cone,  sul- 
furic acid,  as  compared  with  the  losses  experienced  in  evaporations  car- 
ried on  at  higher  temperatures  and  to  the  partial  or  complete  expulsion 
of  all  sulfuric  acid.  Solutions  of  phosphoric  acid,  secondary  phosphates 
and  basic  phosphates  were  accordingly  evaporated  with  sulfuric  acid 
under  conditions  specified  in  Table  II,  in  platinum  dishes  placed  in  a 
"radiator."1  The  solutions  or  residues  were  then  subjected  to  recon- 
version treatments  and  analyzed  for  their  phosphorus  pentoxide  content. 

op   Phosphates. 


Treatment 

HaSOi 

vola-          PtOc 
tilized.       taken. 

PsOt 
found. 

Compound 

HtSOi. 

Temp. 

Time. 

Error. 

taken. 

Cc. 

•c. 

hrs. 

Cc. 

G. 

O. 

G. 

20 

U5-I45 

2.25 

7 

0.0714 

O.0714 

O 

.OOOO 

H,P04 

20 

H5-I55 

2.75 

10 

0.0714 

0.0713 

— O 

.OOOI 

20 

1 

200 + 

4.00 

20 

0.0714 

O.0612 

—O 

.OI02 

20  in  4-5 

575 

20 

0.3510 

0.3399 

—0 

.OIII 

NaNH4HP04 

cc.  por 
tions 

20 

5-75 

20 

0.35^0 

o.3475 

— 0 

.0035 

NaiHP04 

20 

low  grad- 
ual fum- 
ing 

3 

5 

0.0043 

0.0041 

— O 

.0002 

12 

150 

1-5 

3 

0.1366 

0.1366 

O 

.0000 

4AliOi.3lW       < 

12 

165 

3 

5 

0 .  1366 

0.1348 

— O 

.0018 

12 

165  + 

3 

12 

0.1366 

0.1 170 

— 0 

.0196 

20 

150 

3 

3 

0.0057 

0.0057 

0 

.OOOO 

4Al80,.3PiO, 

5  drops  of  HjO,  5  drops  of 

1:1 

0.0057 

O.OO57 

O 

.OOOO 

H,S04, 

5  cc.  of  HF,  volatilized 

at  lowest  possible 

temp. 

in  a 

platinum  crucible, 

then  ignited, 

Na,HP04 

and  finally  dissolved.6 

0.0045 

O.OO45 

0 

.OOOO 

•See  Table  I. 

ftTo  imitate  the  conditions  obtaining  when  an  impure  silica  containing  phosphates, 
such  as  titanium  or  zirconium  phosphates,  is  treated  with  HF  and  HjS04. 

The  data  in  Table  II  demonstrate  that:  (1)  volatilization  losses  of  phos- 
phorus pentoxide  will  surely  ensue  when  phosphoric  acid  or  phosphates 
are  evaporated  with  sulfuric  acid  to  complete  expulsion  of  fumes;  (2) 

1  \V.  F.  Hillebrand,  loc.  cit.,  p.  33. 
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losses  will  occur  if  evaporation  takes  place  at  elevated  temperatures  even 
though  sulfuric  acid  is  continuously  present  in  excess;  (3)  slight  losses 
may  occur  upon  prolonged  evaporation  with  cone,  sulfuric  acid  at  tem- 
peratures near  1500;  (4)  no  losses  need  be  feared  when  solutions  of  phos- 
phates are  slowly  evaporated  with  sulfuric  acid  (preferably  in  a  radiator 
and  not  over  a  free  flame)  to  the  first  appearance  of  fumes;  (5)  no  losses 
need  be  feared  in  a  hydrofluoric-sulfuric  acid  treatment  of  a  silica  contam- 
inated by  phosphorus  pentoxide,  provided  a  slight  excess  only  of  sulfuric 
acid  is  used  and  the  evaporation  is  carried  on  slowly  in  a  radiator.  Losses 
will  occur  if  excessive  amounts  of  sulfuric  acid  are  used.  That  the  losses 
listed  were  true  volatilization  losses  and  not  losses  due  to  failure  in  re- 
conversion, was  definitely  established  by  qualitative  and  quantitative 
tests  which  showed  the  presence  of  phosphorus  pentoxide  in  the  vapors 
given  off  during  the  evaporations  which  resulted  in  low  phosphorus  pent- 
oxide values. 

The  experiments  listed  in  Table  II  were  carried  out  by  the  junior 
author.  Many  years  ago,  and  again  more  recently,  the  senior  author 
obtained  losses,  when  treating  sodium  phosphate,  that  were  much  greater 
than  any  of  those  above  reported.  Presumably  the  volatilization  was 
much  more  forced  than  in  the  present  series  of  tests. 

2.  Upon  Fusion  with  Pyrosulfate. — The  question  as  to  volatilization 
losses  during  pyrosulfate  fusions  is  important,  since  many  precipitates 
obtained  by  ammonium  hydroxide  in  rock  analyses  carry  phosphorus 
pentoxide  and  it  is  often  desirable  to  determine  the  amount  after  fusion 
with  pyrosulfate.  The  experiments  listed  in  Table  III  were  carried  out 
in  covered  platinum  crucibles  at  temperatures  ranging  from  the  very  dull 
red  of  ordinary  fusions,  to  the  higher  temperatures  which  analysts  some- 
times vainly  employ  in  an  attempt  to  "force"  a  fusion.  The  cooled 
fusions  were  dissolved,  treated  to  effect  reconversion  and  then  finally 
precipitated  twice  with  magnesia  mixture.    The  experiments  in  Table  III 

Tablb  III. — Fusion  op  Phosphates  with  Pyrosulfate. 
The  heating  was  to  dull  redness  in  all  experiments. 


Compound 
used. 

KsSiOt 

taken. 

G. 

Duration 

of  fusion. 

hn. 

PtOi 

taken. 

G. 

PsOt 

found. 

G. 

Error. 
G. 

NaNKUHPO* 

IO 

25 

O.0700 

O.0680 

— 0.0020 

20 

2.25 

0.0700 

O.0638 

— O.OO62 

5 

2 

O.OO45 

O.OO39 

— 0.0006 

4A1»0».3P»<V 

5 

I 

O.1749 

O.1748 

— O.OOO  I 

5 

2 

0.0057 

O.OO57 

O.OOOO 

6FeiO,.P*(V 

10 

2 

0.0055 

O.OO54 

— O.OOO  I 

5 

2 

0.0078 

0.0075 

— 0.0003 

0  See  Table  I. 
indicate  that:  (1)  pyrosulfate  fusions  of  secondary  phosphates  result  in 
decided  losses  of  phosphorus  pentoxide  by  volatilization;  (2)  fusions  of 
basic  phosphates  (comparable  with  most  of  the  fusions  carried  on  in  most 
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analyses)  in  covered  platinum  crucibles  at  low  temperatures,  do  not  or- 
dinarily occasion  serious  losses.  Since  losses  may  occur  in  such  fusions, 
they  should  be  avoided  when  accurate  determinations  of  phosphorus 
pentoxide  are  desired. 

Qualitative  and  quantitative  tests  of  the  vapors  given  off  during  special 
fusions  in  Gooch  tubulated  crucibles  demonstrated  that  the  phosphorus 
pentoxide  losses  were  true  volatilization  losses  and  were  not  due  to  in- 
complete reconversion  treatments. 

m.  Summary. 

1.  No  volatilization  losses  of  phosphorus  occur  during  evaporations  of 
sulfuric  acid  solutions  of  phosphates,  provided  the  evaporations  are  car- 
ried on  at  temperatures  below  1500  and  stopped  when  fumes  appear. 
Such  evaporations  are  best  performed  over  "radiators." 

2.  Volatilization  losses  during  evaporation  of  sulfuric  acid  solutions  of 
phosphates  are  occasioned  by  (1)  evaporation  to  complete  expulsion  of 
sulfuric  acid;  (2)  evaporation  at  high  temperatures  such  as  200-260 °; 
and  (3)  unduly  prolonged  evaporation  at  temperatures  above  1500. 
Evaporations  involving  only  a  drop  or  two  of  sulfuric  acid,  such  as  apply 
in  silica  treatments,  do  not  cause  measurable  losses. 

3.  Fusions  with  pyrosulfate  in  covered  crucibles  and  at  dull  red  tem- 
peratures result  in  appreciable  losses  in  the  case  of  secondary  (and  pre- 
sumably primary)  phosphates,  and  may  result  in  slight  losses  in  the  case 
of  basic  phosphates. 

4.  Orthophosphoric  acid  and  primary  and  secondary  orthophosphates 
suffer  conversion  to  pyro-  and  metaphosphoric  acid  or  phosphates  when 
evaporated  to  dryness  with  sulfuric  acid  or  fused  with  pyrosulfate;  such 
"converted"  compounds  must  be  subjected  to  "reconversion"  treatments 
before  precipitation  with  molybdic  acid  or  magnesia  mixture. 

Washington,  D  C 


NOTE. 

Correction. — In  the  articles  "Adsorption  by  Charcoal,"  I  and  II,  ap- 
pearing in  the  July  number  of  This  Journal,  mention  of  the  fact  that 
the  work  was  made  possible  by  a  grant  from  the  "Elizabeth  Thompson 
Science  Fund"  was  overlooked.  We  would  like  at  this  time  to  express  our 
thanks  publicly  for  that  assistance. 

G.   A.  HULBTT  AND  H.  H.  IyOWRY. 
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THE  PREPARATION  OF  CERTAIN  DERIVATIVES  OF 
CYCLOHEXANE. 

By  A.  E.  Ostbrbbrg  AND  E.  C.  Kbndall. 

Received  July  12,  1920. 

Many  methods  for  the  preparation  of  cyclohexane  derivatives  have 
previously  been  employed.1  The  method  described  herewith  for  the 
preparation  of  cyclohexane  and  cyclohexanol,  embodying  Ipatiew's  prin- 
ciple of  high  pressure,  offers  a  simple  procedure  for  the  manufacture  of 
these  materials  on  a  large  laboratory  scale  with  easily  accessible  materials. 

The  substance  to  be  reduced,  together  with  a  metal  oxide  catalyst,  is 
placed  in  a  suitably  constructed  bomb  which  can  be  filled  at  intervals 
with  hydrogen  under  pressure  of  115  to  120  atmospheres,  and  the  whole 
subjected  to  a  temperature  of  approximately  2500  until  reduction  is 
complete.  The  higher  temperature  and  pressure  tend  to  counteract  the 
decreased  activity  of  a  partially  poisoned  catalyst.  The  process  requires 
very  little  attention  other  than  periodic  filling  and  emptying  of  the  bomb. 
The  reaction  proceeds  to  completion  with  a  catalyst  much  less  reactive  than 
that  necessary  to  obtain  any  reduction  by  the  Sabatier  method.  The 
high  pressure  needed  is  obtained  by  use  of  commercial  hydrogen  sold  in 
tanks  at  a  pressure  of  1800  pounds  per  square  inch.  Without  materially 
slowing  up  the  reaction  the  hydrogen  tanks  may  be  used  without  replace- 
ment until  the  pressure  is  decreased  to  approximately  1000  pounds. 

During  the  past  year  in  connection  with  work  on  the  production  of  hydro- 
heterocyclic  compounds  it  was  necessary  to  prepare  considerable  quan- 
tities of  cyclohexane,  cyclohexanol,  and  some  of  their  derivatives.  These 
are  not  procurable  on  the  market,  although  the  first  two  mentioned  have 
been  articles  of  commerce. 

In  seeking  a  method  which  could  be  standardized  for  the  preparation  of 
cyclohexane  and  cyclohexanol,  we  have  used  that  of  Ipatiew,  for  reasons 
given  above.  By  this  process  about  30  kg.  of  hexahydrophenol  have  been 
prepared,  the  method  being  found  very  satisfactory.  Nothing  new  is 
offered  in  the  preparation  of  these  compounds,  but  as  they  are  the  necessary 
starting  materials  for  the  production  of  a  series  of  new  substances,  the 
procedure  found  most  satisfactory  for  the  preparation  of  cyclohexane, 
cyclohexanol,  cyclohexylamine,  cyclohexene  and  the  more  simple,  well- 

1  Aschan,  Ber.,  24,  1864,  2617  (1891);  Einhorn  and  Meyenberg,  ibid.,  27,  2466, 
2829  (1894);  Baeyer,  ibid.,  19,  1797  (1886);  26,  229  (1893);  Ann.,  278,  88  (1894);  Paal 
and  Amberger,  Ber.,  38,  1406  (1905);  40,  2201  (1907);  Paal  and  Gerum,  ibid.,  40,  2209 
(1907);  42,  1553  (1909);  Paal  and  Roth,  ibid.,  42,  1541  (1909);  Sabatier  and  Mailhe, 
Ann.  chim.  Phys.,  10  (s.  8),  527  (1907);  ibid.,  16  (s.  8),  70  (1909);  Sabatier  and  Murat, 
Compt.  rend.,  154,  928  (1912);  Sabatier  and  Senderens,  ibid.,  133,  321  (1901);  Ann. 
chim.  phys.,  [8]  4, 319  (1905);  Skita,  Ber.,  48,  i486,  1685  (1915);  Senderens.  Compt.  rend., 
154,  1 168  (1912);  Ipatiew,  Ber.,  37,  2961,  2986  (1904);  40,  1270,  1281  (1907);  41,  991, 
993  (1908);  Ipatiew,  Jakowlen  and  Rakitin,  ibid.,  41,  996  (1908). 
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known  members  of  this  series  will  be  outlined,  since  even  after  a  careful 
perusal  of  the  literature  one  is  in  doubt  as  to  which  method  to  follow. 

A  study  of  0-disubstituted  derivatives  of  cyclohexane  offers  many 
opportunities  in  determining  the  effects  of  one  group  on  the  activity  of 
the  other,  since  these  compounds  lie  intermediate  to  aliphatic  and  aromatic 
substances.  Studies  of  0-disubstituted  derivatives  of  the  cyclohexane 
series  are  relatively  few  and  these  are  confined  mainly  to  compounds  in 
which  the  groups  are  similar,  such  as  the  dibromo  and  dichloro  prepared 
from  cyclohexene.  A  few  compounds  in  which  the  ortho  groups  are  dis- 
similar have  brief  mention  in  the  literature,  for  example,  0-iodochloro- 
cyclohexane,1  0-iodo-cyclohexanol,2  0-iodobromo-cyclohexane  and  o-cyano- 
iodo-cyclohexane.8  In  addition  the  preparation  of  0-amino-cyclohexanol, 
0-chloro-cyclohexylamine  and  0-bromo-cyclohexylamine,  together  with 
some  of  their  derivatives,  will  be  described. 

Experimental. 

Preparation  of  Catalyst. — Metallic  nickel  was  used  almost  exclusively. 
Pure  nickel  nitrate  is  calcined  at  a  dull  red  heat  for  an  hour,  cooled,  and 
very  finely  ground.  It  may  be  heated  again  to  a  red  heat  to  insure 
complete  decomposition  of  the  nitrate.  The  powdered  nickel  oxide  is 
then  reduced  in  a  stream  of  hydrogen  at  2500  for  several  hours.  It  is 
allowed  to  cool  overnight  in  an  atmosphere  of  hydrogen  and  is  placed 
in  a  tightly  stoppered  flask  until  used.  This  catalyst  used  in  the  pro- 
portion of  one  part  catalyst  to  10  of  substance  remains  in  an  active  state 
for  5  or  6  reductions.  If  the  reduction  is  proceeding  too  slowly  it  is  best 
to  replace  the  old  by  fresh  unused  nickel. 

Cyclohexane. — Three  hundred  g.  of  purified  benzene  free  from  thio- 
phene  by  the  isatin  test  and  30  g.  of  nickel  catalyst  are  placed  in  the 
bomb  and  shaken  well  to  obtain  a  good  distribution  of  the  nickel.  The 
bomb  is  placed  in  an  electrically  heated  hot  air  oven  at  2500  and  filled 
with  hydrogen  at  1800  pounds  pressure;  at  intervals  of  2  hours  during 
the  day  more  hydrogen  is  introduced  to  replace  that  which  has  reacted. 
At  night  the  bomb  is  not  refilled  but  is  allowed  to  remain  in  the  oven. 
At  the  end  of  48  hours  the  reaction  is  complete.  The  bomb  is  then  re- 
moved, cooled,  and  the  contents  poured  into  a  distilling  flask  and  dis- 
tilled. The  fraction  boiling  between  80  °  and  85  °  is  collected  and  is 
sufficiently  pure  for  synthetic  work.  The  nickel  remaining  in  the  flask 
is  washed  back  into  the  bomb  with  the  next  run  and  used  again.  Yield 
of  cyclohexane,  275  g.  or  85%  of  the  theoretical  amount. 

Cyclohexanol. — Three  hundred  g.  of  redistilled  U.  S.  P.  phenol  is 
melted  and  poured  into  the  bomb  with  30  g.  of  nickel.    The  reduction  is 

1  Brunei,  Zentralbl.,  1903,  pp.  233,  711. 

2  Brunei,  Compt.  rend.,  135,  1055-1057  (1902). 
8  Brunei,  Zentralbl.,  1905,  ii,  i 337-1339- 
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carried  out  precisely  as  given  for  benzene.  When  completed  the  reaction 
product  is  fractionated,  the  fraction  boiling  at  1580  at  730  mm.  being 
practically  pure  cyclohexanol.  A  small  amount  of  cyclohexane  and  water 
is  formed  and  is  collected  in  the  lower  fraction,  boiling  between  80  °  and 
no°.  If  the  reduction  has  not  proceeded  to  completion  a  fraction  boil- 
ing above  1580  is  obtained.  This  may  be  returned  to  the  bomb  with  the 
next  run  and  the  reduction  is  completed.  The  nickel  is  also  returned. 
Yield,  255  g.  or  80%. 

Cyclohexanone. — Baeyer1  prepared  this  substance  by  the  oxidation 
of  cyclohexanol  with  Beckman's  chromic  acid  mixture  and  proved  its 
identity  with  the  ketohexamethylene  obtained  by  Perkin,  Jr.,  from  cal- 
cium pimelate.*  Baeyer  used  a  proportion  of  2  g.  of  cyclohexanol  to  27 
g.  of  the  chromic  acid  mixture.  The  method  used  by  us  is  essentially 
the  same,  modified  slightly  to  keep  the  volumes  down  when  dealing  with 
100-g.  portions. 

One  hundred  g.  of  cyclohexanol  and  150  cc.  of  water  are  placed  in  a 
one-liter  flask  and  cooled  in  ice  water.  To  this  is  added  gradually  35  cc. 
of  cone,  sulfuric  acid.  One  hundred  g.  of  sodium  dichromate  (Na*CriOi- 
2H1O)  is  dissolved  in  a  solution  of  35  cc.  of  cone,  sulfuric  acid  in  150 
cc.  of  water.  The  chromic  acid  solution  is  added  to  the  cyclohexanol 
'mixture  in  10  cc.  portions  over  a  period  of  2  hours,  and  the  solution  is 
shaken  well  after  each  addition.  To  complete  the  reaction  the  mixture 
is  heated  in  a  water-bath  for  2  hours,  cooled,  and  ether  extracted,  the 
extract  dried  with  potassium  carbonate  and  the  ether  distilled  off.  The 
cyclohexanone  boils  constantly  at  155  °.    Yield,  83  g.  or  85%. 

o-Chloro-cyclohexanone. — This  may  be  prepared  by  a  method  sim- 
ilar to  that  used  by  Kotz8  for  the  corresponding  bromine  compound. 
Chlorine  is  bubbled  through  a  mixture  of  20  g.  of  cyclohexanone,  15  g. 
of  calcium  carbonate,  and  50  cc.  of  water  in  a  flask  immersed  in  cold  water, 
until  the  reaction  is  complete.  The  oil  is  extracted  with  ether,  dried, 
and  the  ether  removed.  The  oil  does  not  distil  in  vacuo  without  decom- 
position and  is  difficult  to  obtain  pure  and  free  from  chlorine. 

Attempts  to  form  an  aminoketone  invariably  led  to  condensation  prod- 
ucts, and  secondary  and  tertiary  amines. 

Cyclohexanone  Oxime. — Baeyer4  obtained  the  oxime  in  theoretical 
yield,  by  allowing  the  ketone  to  react  with  hydroxylamine  hydrochloride 
and  excess  sodium  hydrogen  carbonate  in  alcohol  at  water-bath  tem- 
perature, extracting  the  residue  with  ether  and  recrystallizing  the  residue 
from  petroleum  ether.  It  may  also  be  obtained  with  equal  facility  and 
in  theoretical  yield  in  water  solution  by  the  following  method. 

1  A.  Baeyer,  Ann.,  278,  88-116  (1894), 

*  W.  N.  Perkin,  Jr.,  Ber.,  18,  3245-3252  (1885). 

•  Kotz,  Ann.,  358,  194-208  (1907). 
4  Baeyer,  ibid.,  378,  88-116  (1894). 
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Bight  and  four-tenths  g.  of  hydroxylamine  sulfate  in  60  cc.  of  water 
is  added  in  small  portions  to  a  mixture  of  10  g.  of  cyclohexanone  and 
50  cc.  of  water  containing  4.1  g.  of  sodium  hydroxide  or  excess  of  bicar- 
bonate. The  reaction  flask  should  be  continually  shaken  and  cooled  under 
tap  water.  When  nearly  all  the  hydroxylamine  has  been  added  the  oxime 
separates  as  a  crystalline  solid  and  is  filtered  immediately,  washed  with 
water,  and  dried.  If  the  reaction  mixture  is  not  cooled  a  red  color  is 
developed  and  the  yield  decreased.  The  dried  product  recrystallized 
from  boiling  ligroin  melts  at  88°. 

Cyclohexylamine. — Many  attempts  to  prepare  cyclohexylamine  by 
direct  catalytic  reduction  of  aniline  have  at  the  best  resulted  in  very 
poor  yields.  By  Paal's  method  a  yield  of  10%  has  been  obtained  in  80 
hours.1  The  use  of  Sabatier's  and  Senderens'  method  results  in  destruc- 
tion and  numerous  side  reactions.  Ipatiew2  reports  a  yield  by  his  method 
of  from  40  to  50%,  with  nickel  oxide  as  a  catalyst  and  a  pressure  of  115 
to  120  atmospheres.  We  have  attempted  to  use  Ipatiew's  method  with 
a  nickel  catalyst,  but  it  has  invariably  resulted  in  such  great  destruction 
and  production  of  side  reactions  as  to  cause  its  abandonment. 

Cyclohexylamine  may  be  obtained  in  good  yield  by  reduction  of  keto- 
hexamethylene  oxime  by  either  the  method  of  Sabatier  and  Senderens8  or 
that  of  Baeyer.4 

In  Baeyer's  method  5  g.  of  the  oxime  is  dissolved  in  200  cc.  of  absolute 
alcohol  and  added  to  25  g.  of  sodium.  It  is  best  to  dissolve  all  the  oxime 
in  a  small  amount  of  alcohol,  and  add  the  solution  to  the  sodium.  Addi- 
tional alcohol  is  then  poured  through  the  reflux  condenser.  In  this  way 
all  the  oxime  is  present  during  the  entire  reaction. 

Ten  g.  of  cyclohexanone  oxime  in  30  cc.  of  absolute  alcohol  is  added 
through  a  reflux  condenser  to  50  g.  of  sodium  strips,  followed  by  an  addi- 
tional 400  cc.  of  absolute  alcohol.  When  the  reaction  is  complete  the 
alcohol  is  distilled  from  a  water-bath,  water  is  added,  and  the  solution 
made  acid  with  hydrochloric  acid.  The  acid  solution  is  evaporated  to 
dryness  on  a  water-bath  with  the  help  of  an  air  blast.  A  small  amount 
of  water  is  added  (20  cc.),  and  an  excess  of  solid  potassium  hydroxide. 
The  oil  which  separates  is  extracted  with  ether,  dried,  and  distilled,  after 
removal  of  the  ether;  b.  p.,  133 °.  It  distills  with  some  decomposition 
and  takes  up  carbon  dioxide  very  rapidly,  and  consequently  is  best  dis- 
tilled in  a  stream  of  hydrogen  as  Baeyer  recommends.  However,  this 
is  not  necessary  if  the  receiver  is  protected  with  a  soda-lime  tube.  The 
melting  point  of  the  carbonate  is  no°,  the  hydrobromide  195°,  the  hydro- 
chloride 204  °,  the  acetate  147  °,  and  the  acetyl  derivative  99  °. 

1  Willstatter  and  Hatt,  45,  1471-1481  (1912). 

2  Ipatiew,  Ber.,  41,  991-3  (1908). 

9  Amouroux,  Chem.-Ztg.,  35,  192  (191 1). 
«  Baeyer,  Ann.,  278,  88-116  (1894). 
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Cyclohexene. — Many  methods  have  been  proposed  for  the  production 
of  cyclohexene  from  cyclohexanol,  using  various  dehydrating  agents.  It 
is  also  frequently  made  by  treating  monohalide  cyclohexanes  with  alkalies, 
such  as  calcium  oxide1  and  quinoline.  Among  the  dehydrating  agents 
may  be  mentioned  particularly  oxalic  acid,1  iodine,1  sulfuric  acid,4  di- 
methyl sulfate,8  and  potassium  hydrogen  sulfate.6 

Zelinsky,  using  one  part  of  cyclohexanol  to  5  parts  of  anhydrous  oxalic 
acid  at  ioo°  to  no°,  obtained  cyclohexene.  In  using  this  method  it  has 
been  found  that  this  proportion  may  be  considerably  increased  and  good 
yields  obtained.  The  process  may  be  made  continuous  by  addition  of 
cyclohexanol  as  the  tetrahydrobenzene  and  water  distil  over,  and  with 
occasional  addition  of  anhydrous  oxalic  acid  to  replace  that  which  is  de- 
stroyed or  distils  over  as  the  ester  of  cyclohexanol. 

The  objection  to  using  dimethyl  sulfate  is  of  course  obvious;  calcium 
oxide  requires  a  temperature  of  350  °  and  special  apparatus,  and  potassium 
hydrogen  sulfate  gives  poor  yields  due  to  formation  of  cyclohexyl  ether. 
The  catalytic  sulfuric  acid  method  described  by  Senderens  is  easy  of 
application  and  gives  practically  a  90%  yield.  The  procedure  followed  is 
precisely  that  of  Senderens. 

One  hundred  g.  of  cyclohexanol  and  2  cc.  of  cone,  sulfuric  acid  are 
slowly  distilled  until  white  fumes  are  evolved  and  the  odor  of  sulfur 
dioxide  is  apparent.  The  water  and  cyclohexene  in  the  distillate  are 
separated,  the  cyclohexene  dried  with  potassium  carbonate  and  redis- 
tilled. Sixty  g.  of  pure  cyclohexene,  boiling  82  °  to  84  °,  is  obtained,  and 
16  g.  of  a  higher  boiling  fraction,  consisting  of  a  mixture  of  unacted-on 
cyclohexanol  and  cyclohexene.  Yield  of  pure  cyclohexene,  73%.  This 
may  be  increased  to  approximately  90%  by  retreating  the  higher  fraction 
with  the  next  run. 

In  searching  for  other  agents  which  would  serve  to  dehydrate  cyclo- 
hexanol to  cyclohexene,  phosphorus  trichloride  has  been  found  to  be 
fairly  efficient.  Its  disadvantage  lies  in  the  amount  of  phosphorus  tri- 
chloride necessary  to  be  used  and  in  the  mechanical  losses  of  cyclohexene 
which  occur.  About  one  kg.  of  cyclohexene  has  been  prepared  by  the 
following  method. 

Two  hundred  and  seventy-four  g.  of  phosphorus  trichloride  is  added 

slowly  through  a  dropping  funnel  to  300  g.  of  cyclohexanol  in  a  one-liter 

flask  fitted  with  a  reflux  condenser.    The  temperature  is  maintained  at 

1  Schmidt,  Hochschwender  and  Eichler,  U.  S.  Patent  1,221,382.     C.  A.  11,  1885 

(1917). 

•  Zelinsky  and  Zelikow,  Ber.,  34,  3249-3256  (1901). 

•  Hibbert,  Brit.  Pat.  saoS;  C.  A.  9,  2291  (1915);  This  Journal,  38,  1748  (1915)- 
♦Senderens  Compt.  rend.,  154,  1. 68-1 170  (19 12). 

•  Chavonne  and  van  Roelen,  Bull.  soc.  beige,  chim.,  22,  410-413  (1908). 

•  Brunei,  Bull.  soc.  chim.,  [3]  33,  270-271  (1905). 
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700  by  immersion  in  a  water-bath.  Addition  of  the  first  mole  (137  g.) 
of  phosphorus  trichloride  produces  a  vigorous  reaction,  but  the  second 
may  be  added  more  rapidly.  When  all  the  phosphorus  trichloride  has 
been  added  the  product  is  refluxed  for  4  hours  and  then  distilled  from 
the  phosphorus  oxide.  One  hundred  and  fifty  cc.  of  water  is  added  to 
the  distillate  through  a  reflux  condenser  and  the  mixture  is  refluxed  for 
a  short  time  to  decompose  all  excess  phosphorus  trichloride.  The  cyclo- 
hexene  is  separated  from  the  aqueous  layer,  dried,  and  distilled.  Yield 
of  cyclohexene,  65%  of  the  theoretical  amount,  or  160  g.  of  tetrahydro- 
benzene  boiling  between  82  °  and  87  °,  and  30  g.  of  a  fraction  boiling 
between  87  °  and  1600. 

It  is  necessary  to  have  the  cyclohexanol  warm  when  the  trichloride  is 
added  as  otherwise  considerable  chloro-cyclohexane  is  formed,  which  is 
not  broken  down  by  subsequent  treatment  and  may  be  obtained  in  the 
final  distillation  as  the  fraction  boiling  at  1430. 

0-Chloro-cyclohexanol. — This  substance,  described  by  Fortey,1  was 
made  by  shaking  tetrahydrobenzene  with  a  dilute  hypochlorous  acid 
solution,  the  hypochlorous  acid  being  made  by  passing  chlorine  into  water 
containing  freshly  precipitated  mercuric  oxide.  Fortey  described  it  as 
a  yellowish  oil  distilling  with  decomposition  and  having  a  characteristic 
odor.  Prepared  by  the  following  method  it  is  a  water- white  oil  possessing 
a  characteristic  odor,  distilling  in  atmospheric  pressure  with  only  slight 
decomposition. 

One  hundred  cc.  of  cyclohexene  (about  3  times  the  calculated  quantity) 
is  shaken  with  1700  to  1800  cc.  of  a  2%  hypochlorous  acid  solution;  the 
acid  is  added  in  200  cc.  portions  and  the  mixture  shaken  until  it  is  decol- 
orized before  the  addition  of  more.  When  all  hypochlorous  acid  has  been 
added  the  mixture  is  shaken  until  one  cc.  gives  only  a  faint  or  no  yellow 
color  with  potassium  iodide  solution.  The  hypochlorous  acid  has  always 
been  made  by  bubbling  carbon  dioxide  through  a  suspension  of  bleaching 
powder  in  water  and  filtering  off  the  calcium  carbonate.  The  reaction 
product  is  saturated  with  salt  and  steam  distilled.  The  distillate  is  sat- 
urated with  salt,  and  the  upper  layer  of  cyclohexene  and  0-chloro-cyclo- 
hexanol  removed  and  fractionated.  The  first  fraction  boiling  below  90  ° 
at  20  mm.  is  a  mixture  of  water,  unacted-on  cyclohexene  and  some  0- 
chloro-cyclohexanol,  which  may  be  used  again.  The  0-chloro-cyclohexanol 
boils,  at  92  °  under  pressure  of  10  mm.    Yield,  85  g. 

Subs.,  0.1236:  AgCl,  0.1298. 

Calc.  for  CfHuOCl:  CI,  26.35.    Found:  25.99. 

0-Amino-cyclohexanol. — No  mention  of  0-amino-cyclohexanol  can  be 
found  in  the  literature  although  it  is  easily  prepared  from  0-chloro-cyclo- 
hexanol  and  alcoholic  ammonia,  the  chlorine  being  substituted  by  the 
1  Fortey,  /.  Chem.  Soc.,  23,  948  (1898). 
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amino  group.  In  aqueous  solutions  secondary  and  tertiary  amines  are 
the  chief  products,  but  if  sufficient  strength  of  alcohol  is  used  to  main- 
tain a  clear  solution  the  primary  amine  is  the  chief  product. 

For  the  preparation  of  the  free  amine  the  following  hat  been  found  to  be 
the  best  procedure.  26.8  g.  (Vs  mole)  of  0-chloro-cyclohexanol  is  placed 
in  a  pressure  bottle  (the  ordinary  citrate  of  magnesia  bottle  fitted  with 
a  rubber  stopper  which  can  be  clamped  down  is  satisfactory)  and  100  cc. 
of  a  strong  solution  of  ammonia  in  50%  alcohol  is  added.  If  the  solution 
is  not  clear,  a  higher  per  cent,  of  alcohol  is  used.  The  bottle  is  shaken 
well  and  is  then  heated  in  a  steam-bath  for  one  hour.  The  contents  of 
5  such  bottles  after  cooling  are  poured  into  a  one-liter  distilling  flask,  60 
g.  of  anhydrous  sodium  carbonate  is  added  and  the  alcohol  and  water 
distilled  off;  the  temperature  should  be  allowed  to  rise  to  1  io°  and  main- 
tained there  until  the  greater  portion  of  water  is  removed.  Two  hundred 
cc.  of  alcohol  is  added.  The  salts  are  removed  by  filtering  the  hot  solu- 
tion with  suction,  washing  the  precipitate  well  with  alcohol.  The  alcohol 
is  removed  by  distillation  and  the  residue  fractionated  in  vacuo,  using 
the  side  neck  of  the  flask  as  a  condenser  and  immersing  the  receiver  flask 
in  ice  water. 

The  fraction  distilling  up  to  120°  at  7  mm.  pressure  is  redistilled  at 
atmospheric  pressure.  The  pure  o-amino-cyclohexanol  boils  at  104  °  at 
7  mm.  pressure  and  at  2120  at  atmospheric  pressure.  It  crystallizes  in 
the  receiver  in  rosets  which  melt  at  65  °.    Yield,  70  g. 

Subs.,  0.0100:  Amino  nitrogen,  2.19  cc.  (21  °  and  734  mm.). 
Calc.  for  CtHuON:  N,  12.17.    Found:  12.00. 

Melting  point  of  salts  made  from  the  corresponding  acid  and  an  ether 
solution  of  the  amine:  hydrochloride,  1750;  hydro-iodide,  187°;  hydro- 
bromide,  191  °;  carbonate,  1390;  sulfate  not  melted  at  250  °. 

0-Chloro-cyclohexylamine. — In  attempting  to  prepare  an  ortho  halogen 
cyclohexylamine,  o-amino-cyclohexanol  was  treated  with  fuming  hydriodic 
acid  in  a  sealed  tube  at  temperatures  from  100  °  to  150  °.  It  was  found 
that  the  iodine  did  not  replace  the  hydroxy  group  at  a  temperature  below 
1300,  while  at  a  higher  temperature  there  was  a  deep-seated  decomposi- 
tion, with  the  separation  of  ammonium  iodide.  Hydrobromic  acid  also 
failed  to  substitute.  Thionyl  chloride  does  not  replace  the  hydroxy  group 
even  when  refluxed  at  the  boiling  point.  Phosphorus  trichloride  does  not 
substitute  the  hydroxy  group  with  chlorine,  producing  instead  an  ester 
of  a  phosphorus  acid.  The  great  resistance  of  the  hydroxy  group  sug- 
gested the  necessity  of  using  phosphorus  pentachloride.  When  this  was 
tried  in  chloroform  a  very  poor  yield  of  0-chloro-cydohexyiamine  was 
obtained.  Further  investigations  showed  that  phosphorus  oxychloride 
readily  reacts  with  0-amino-cyclohexanol  in  chloroform  even  at  a  tem- 
perature of  o°,  apparently  forming  the  phosphoric  acid  ester.    If,  however, 
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t±ie  hydrochloride  of  o-amino-cydohexanol  is  suspended  in  chloroform 
the  reaction  with  phosphorus  oxychloride  is  practically  suppressed.  Phos- 
phorus pentachloride,  even  at  o°,  reacts  vigorously  with  the  hydrochloride 
of  o-amino-cydohexanol. 

The  reaction  product  dissolved  in  water  after  the  treatment  with 
pliosphorus  pentachloride  in  chloroform  is  made  alkaline  with  sodium 
Ixydroxide,  extracted  with  ether,  the  ether  removed,  and  the  residue 

consisting  of  0-chlaro-cydohexylamine  distilled  in  vacuo.    Boiling  point 

85  °,  at  15  mm.  pressure. 

Fifty-seven  and  one-half  g.  (Vs  mole)  of  o-amino-cydohexanol  is  dis- 
solved in  300  cc.  of  anhydrous  and  alcohol-free  chloroform.    The  chloro- 
form solution  is  placed  in  a  one-liter  Erlenmeyer  flask,  with  side  neck, 
and  fitted  with  a  one-hole  rubber  stopper.    A  few  milligrams  of  methyl 
orange- is  added  and  dry  hydrogen  chloride  led  in  through  a  glass  tube 
until  the  reaction  is  distinctly  add,  indicating  complete  formation  of 
the  hydrochloride.     The  flask  is  cooled  in  ice-water.     One  hundred 
and  fifty  g.  of  phosphorus  pentachloride,  ground  in  a  dry  mortar  to  a  fine 
powder,  and  about  300  cc.  of  purified  chloroform  are  placed  in  a  one- 
quart  Mason  fruit  jar,  which  is  packed  in  an  ice-  and  salt-mixture.    To 
this  suspension,  which  is  stirred  mechanically  and  maintained  below  o°, 
is  added  the  mixture  of  o-amino-cydohexanol  hydrochloride  and  chloro- 
form.   This  will  require  approximately  one  hour.    The  solution  may 
then  be  filtered.    The  hydrochloride  of  the  0-chloro-cyclohexylamine  is 
quite  soluble  in  chloroform,  but  a  considerable  portion  will  separate  at 
o°.    The  chloroform  solution  is  placed  in  a  one-liter  distilling  flask.    One 
hundred  cc.  of  water  is  added  and  the  flask  placed  under  a  reflux  con- 
denser.   Occasional  shaking  will  start  the  reaction,  decomposing  the 
phosphorus  oxychloride.    After  the  vigorous  reaction  has  subsided  it  is 
refluxed  in  a  water-bath  for  not  less  than  90  minutes  in  order  to  decom- 
pose the  last  traces  of  phosphorus  oxychloride.    The  chloroform  is  then 
distilled  and  the  residue  placed  in  a  tall  jar.    The  volume  of  the  residue 
should  be  between  100  and  200  cc.    This  is  packed  in  ice  and  salt,  and 
a  saturated  solution  of  sodium  hydroxide  in  water  is  added.    The  solution 
is  stirred  with  a  mechanical  stirrer  until  it  becomes  very  thick.    Ether  is 
then  added  and  suffident  sodium  hydroxide  to  make  the  solution  dis- 
tinctly alkaline.    Solid  sodium  hydroxide  is  now  added,  and  about  500 
to  600  cc.  of  ether.    The  salt  separates  in  solid,  dry  form  and  is  readily 
extracted  with  ether.    Three  extractions  are  generally  suffident.    The 
ether  is  dried  over  solid  sodium  hydroxide,  removed  by  distillation,  and 
the  0-chloro-cydohexylamine  distilled  in  vacuo.    The  yield  depends  on 
the  extent  to  which  water  is  exduded  and  may  reach  70  to  80%.    If 
water  is  not  completely  exduded  the  yield  may  drop  as  low  as  50%.    The 
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0-chloro-cyclohexylamine  is  a  colorless  oil  of  characteristic  odor,  which 
does  not  solidify  at  — io°. 

Subs,,  0.1412:  AgCl,  0.15 10. 
Calc.  for  CeHJ2NCl:  CI,  26.55.     Found:  26.45. 
Hydro-anilides   from    0-amino-cydohexanol   and   0-chloro-cyclohexyl- 
amine  may  be  quantitatively  prepared  by  the  usual  methods  in  an  in- 
different solvent,  such  as  chloroform.    As  examples,  the  preparation  of 
the  acetyl  and  chloro-acetyl  derivatives  is  given. 
Acetyl-(7-chloro-cyclohexylamine,CHiCH2CH2CH,CHClCH.NHCO.- 


CH*. — To  13.4  g.  of  0-chloro-cyclohexylamine  dissolved  in  50  cc.  of 
anhydrous  chloroform  and  immersed  in  ice-water  is  added  a  solution  of 
12  g*  (i-5  times  of  the  theoretical  amount)  of  acetyl  chloride  in  chloro- 
form. When  all  is  added  the  solution  is  refluxed  for  about  2  hours.  A 
small  amount  of  alcohol  is  added  to  decompose  the  excess  acetyl  chloride, 
and  the  chloroform  distilled  off  on  a  water-bath.  The  residue  may  be 
recrystallized  by  dissolving  it  in  90%  alcohol  and  diluting  this  solution 
with  water;  m.  p.  88°. 
Chloro-acetyl-^-chloro-cyclohexylamine,  CH2CH*CHiCHiCHClCH.- 


NH.CO.CH2CI. — This  is  prepared  by  a  procedure  identical  with  that 
given  for  the  acetyl,  using  1.5  times  the  calculated  amount  of  chloro- 
acetyl  chloride.  It  is  recrystallized  from  the  alcohol  by  the  addition  of 
water.  It  is  soluble  in  hot  water,  one  part  in  220;  in  cold  water,  one 
part  in  2,000.    The  chloro-acetyl-o-chloro-cyclohexylamine  melts  at  1 1 1  °. 

Subs.,  0.0882:    AgCl,  0.X192. 

Calc.  for  C^HuONCli:  CI,  33.76.    Found:  33.43. 

Cyano-acetyl-o-chloro-cyclohexylamine,  CH»CH2CH«CHiCHClCH.- 

1 1 

NH.CO.CH2CN. — The  cMoro-acetyl-0-chloro-cydohexylamine  may  be 
treated  with  large  excesses  of  sodium  cyanide  in  water  at  the  boiling  point 
for  a  short  time  with  substitution  taking  place  only  on  the  side  chain. 
The  yield,  however,  is  not  particularly  good,  since  boiling  with  alkalies 
decomposes  the  nitrile  present  to  some  extent. 

A  mixture  of  4  g.  of  chloro-acetyl-^-chloro-cyclohexylamine  and  4  g. 
sodium  cyanide  in  400  cc.  of  water  is  boiled  for  10  minutes.  The  solution  is 
then  quickly  made  acid  to  methyl  orange  by  addition  of  about  15  cc.  of 
cone,  hydrochloric  acid  diluted  1:1.  The  cyano-acetyl-0-chloro-cyclohexyl- 
amine  crystallized  on  cooling.  Yield,  2.3  g.  It  may  be  purified  by 
recrystallizing  from  hot  water;  m.  p.  1390. 

Subs.,  0.1357:  AgCl,  0.0965. 

Calc.  for  CtHuONjCl:  CI,  17.59.     Found:  17.59. 

o-Chloro-hexahydro  Anilide  of  Malonic  Acid,  CH*CHiCHiCHsCHC1C- 

1 1 
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CH.NH.CO.CH2COOH.— This  may  be  obtained  by  converting  the  cor- 
responding cyano  compound  first  to  the  ester,  and  then  hydrolyzing  the 
ester  to  the  sodium  salt  with  an  aqueous  solution  of  sodium  hydroxide. 

Four  g.  of  the  cyano-acetyl-o-chloro-cyclohexylamine  is  dissolved  in  75 
cc.  of  alcohol,  which  is  then  saturated  with  dry  hydrogen  chloride.  It  is  re- 
fluxed  for  one  hour  while  passing  a  stream  of  dry  hydrogen  chloride  through 
the  solution.  The  solution  is  concentrated  to  l/%  the  original  volume, 
the  ammonium  chloride  removed  by  filtering,  and  the  remainder  of  the 
alcohol  distilled  off  in  vacuo.  The  residue  is  taken  up  in  water,  5  cc.  of 
30%  sodium  hydroxide  added,  and  the  product  shaken  until  the  sapon- 
ification is  complete.  The  alkaline  solution  is  then  acidified  with  hydro- 
chloric acid  and  allowed  to  stand.  The  free  acid  crystallizes  slowly; 
m.  p.,  132  °. 

Subs.,  0.1598:  AgCl,  0.1046. 

Calc.  for  CtHwO»NCl:  CI,  16.14.     Found:  16.17. 

o-Bromo-cyclohexylamine,  CftCftCftCHsCHBrCH.NH*.— This 


may  be  obtained  in  a  manner  similar  to  that  given  for  the  0-chloro-cyclo- 
hexylamine.  It  is  not  necessary,  however,  to  maintain  as  low  a  temper- 
ature during  the  reaction. 

Fifty-seven  and  one-half  g.  of  0-amino-cyclohexanol  is  precipitated  as 
the  hydrochloride  salt  in  anhydrous  chloroform,  as  described  for  the  pre- 
paration of  the  corresponding  chlorine  derivative.  This  suspension  is 
added  to  a  suspension  of  phosphorus  pentabromide  in  anhydrous  chloro- 
form. The  phosphorus  pentabromide  is  prepared  by  adding  70  cc.  of 
dry  bromine  to  17  g.  of  yellow  phosphorus  in  150  cc.  of  chloroform,  cool- 
ing the  jar  in  ice-water,  and  stirring  mechanically.  During  the  addition 
of  the  0-amino-cyclohexanol  hydrochloride  it  is  not  necessary  to  cool  the 
reaction  mixture  as  the  temperature  does  not  rise  above  35 °  or  400. 
When  the  mixture  becomes  clear  the  chloroform  is  removed  by  distilla- 
tion on  a  water-bath.  About  300  cc.  of  toluene  is  then  added  and  the 
solution  cooled.  The  crystals  which  separate  are  filtered  off,  washed  well 
with  toluene,  and  dried. 

Purification  is  effected  by  dissolving  the  crystals  in  a  small  amount  of 
water,  making  this  solution  strongly  alkaline  with  a  30%  solution  of 
sodium  hydroxide,  and  extracting  this  product  a  few  times  with  toluene. 
The  toluene  is  dried  for  not  more  than  one  hour  over  stick  sodium  hydrox- 
ide and  the  amine  is  then  precipitated  as  the  hydrochloride  salt  with  hy- 
drogen chloride,  in  the  form  of  needles,  melting  at  1680.  Yield,  75  g. 
or  70%. 

Subs.,  0.0732:  AgHal.,  0.1142. 

Calc.  for  CtHuNBrCl:  Halogen,  54.04.    Found:  53.89. 

Acetyl-^bromo^yclohexylamine,  CH2CH1CH2CHaCHBrCH.NH.CO* 

1 1 
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CHs.— To  21.4  g.  of  0-bromo-cyclohexylamine  hydrochloride  in  toluene 
is  added  10  cc.  of  acetyl  chloride  and  the  mixture  is  refluxed  for  several 
hours.  When  the  reaction  is  completed  the  toluene  is  removed  in  vacuo. 
The  solid  residue  is  dissolved  in  a  small  amount  of  warm  alcohol  and  ice- 
water  added.  An  oil  separates,  which  crystallizes  in  a  short  while. 
M.  p.  of  the  acetyl  derivative,  103-104 °.    Yield,  13.5  g.  or  61%. 

Subs.,  0.1516:  AgBr,  0.1312. 

Calc  for  CiHwONBr:  Br,  36.32.    Found:  36.81. 

Attempts  to  prepare  0-iodo-cyclohexylamine  in  a  manner  analogous  to 
the  preparation  of  the  chlorine  and  bromine  compounds,  using  phosphorus 
tri-iodide  in  chloroform,  were  unsuccessful.  Invariably  the  main  products 
were  esters  of  o-amino-cyclohexanol. 

Substitution  of  bromine  for  iodine  in  o-bromo-cyclohexylamine,  using 
potassium'iodide  in  aqueous  or  alcoholic  solution,  has  given  50%  substi- 
tution, but^the  product  is  too  impure  for  definite  identification. 

Summary. 

Methods  for  obtaining  cyclohexane  derivatives  by  direct  reduction  of 
the  corresponding  benzene  compounds  have  been  reviewed.  The  method 
of  Ipatiew  for  the  reduction  of  benzene  and  phenol  has  been  particularly 
applied. 

Methods,  with  some  modifications  which  are  most  applicable  for  the 
laboratory  production  of  cyclohexane,  cyclohexanol,  cyclohexanone  and 
its  oxime,  cyclohexylamine,  and  cyclohexene,  are  described. 

Methods  for  obtaining  the  following  ortho  substituted  cyclohexane  com- 
pounds in  which  the  ortho  groups  are  dissimilar,  chloro-cyclohexanone, 
chloro-cyclohexanol,  amino-cydohexanol,  chloro-cyclohexylamine  and 
bromo-cyclohexylamine,  with  certain  of  their  derivatives,  are  given. 

Work  in  this  series  is  being  continued. 

Ths  Mayo  Foundation, 
RocHftsTVR,  Minnesota. 


[Contribution  from  the  Department  of  Chemistry,  University  of    Hawau.] 

FRACTIONATION  OF  CHAULMOOGRA  OIL. 

By  Arthur  L.  Dean  and  Richard  Wrenshau,. 

ReceiTed  August  25,  1920. 

The  material  known  commercially  as  chaulmoogra  oil  has  assumed  con- 
siderable importance  in  recent  years.  For  many  years,  perhaps  for  cen- 
turies, this  oil  has  been  used  in  India  as  a  palliative  in  leprosy.  In  more 
recent  times  it  has  had  more  or  less  use  in  all  countries  where  leprosy 
occurs.  Taken  by  way  of  the  mouth  its  administration  is  frequently 
attended  by  amelioration  of  the  disease,  although  the  intolerance  exhibited 
by  many  persons  limits  its  usefulness,  and  at  best  the  action  is  slow. 

New  interest  was  aroused  by  the  results  obtained  by  intramuscular 
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injections  of  this  oil  fluxed  with  olive  oil,  a  line  of  experimentation  to  which 

the  work  of  Heiser  was  especially  stimulating.    Leprologists  believed  that 

although  chaulmoogra  oil  had  by  no  means  been  proven  a  specific  in 

leprosy,  it  was  the  most  promising  drug  known  in  combating  the  disease. 

The  statements  in  the  older  literature  dealing  with  the  origin  and 

composition  of  chaulmoogra  oil  are  conflicting  and  unreliable.    It  was 

frequently  stated  to  be  the  product  of  Gynocardia  odorata  and  to  contain 

"gynocar die  acid"  as  its  characteristic  constituent.    The  true  origin  and 

nature  of  the  oil  was  elucidated  by  Power  and  his  collaborators  in  a  series 

of  papers  from  the  Wellcome  Chemical  Research  Laboratories.1 

These  authors  showed  that  the  true  chaulmoogra  oil  is  derived  from 
the  seeds  of  Taraktogenos  Kurzii  and  that  the  oils  from  2  closely  related 
species  of  Hydnocarpus  were  practically  identical.  The  oil  from  Gyno- 
cardia odorata,  however,  is  wholly  different.  The  outstanding  feature  of 
their  work  was  the  discovery  of  a  new  type  of  fatty  add  present  in  Tarakto- 
genos and  Hydnocarpus  oils.  These  adds  are  strongly  dextro-rotatory 
and  the  study  of  their  consitution  indicated  that  they  contain  a  5-mem- 
bered  carbon  ring  with  side  chains  of  different  length.  Two  adds  of  this 
series  were  isolated  and  studied;  chaulmoogric  add,  CuHu.COOH,  and 
hydnocarpic  add,  CuH^COOH.  Chaulmoogric  add  melts  at  68°,  has 
an  iodine  value  of  90.1,  and  shows  a  specific  rotation  of  +560;  hydno- 
carpic add  melts  at  59  °,  possesses  an  iodine  value  of  100.2,  and  gives  a 
specific  rotation  of  +  68. 1  °.  Structural  formulas  believed  to  be  consistent 
with  their  experimental  results  were  proposed. 

Brill,2  in  a  series  of  papers  from  Manila,  confirmed  the  work  of  Power 
and  his  collaborators  by  isolating  both  chaulmoogric  and  hydnocarpic 
adds  and  extended  our  knowledge  of  their  distribution  in  several  spedes 
of  plants  related  to  those  examined  by  Power. 

The  following  tabular  statement  shows  some  of  he  essential  facts  con- 
cerning^these  oils. 

Hydao- 

Tarak-       Hyndo.  carpus*"  Hydno-a  Hydno- 

togencs**    carpus**         anthel-  carpus  carpus-*        Pangium-* 

Kurzii.    Wigntiana.        mintiens.  TenenaU.  alcalae.  edule. 

Melting  point 22  22  24  20  32      Cloudy  at  2  ° 

Specific  gravity. ...  0.951  0.958  0.953  0.948  0.9502  0.9049 

(240)  (250)  (250)  (30°)  (300) 

Specific  rotation....  +52.  o°  +57-7°  +52.5°  +52.03°  +49-6°  +428° 

Iodine  value 103.2  101 .3  86.4  99. z  93.1  113. 1 

Chaulmoogric  add..      +  +  +  +  (90%)  +             ? 

Hydnocarpic  add..       -f  +  +  +  —                ? 

0  Power,  et  al. 
6  Brill. 

1  Power  and  Gornall,  J.  Chem.  Soc.,  85,  838,  851  (1904);  Power  and  Barrowcliff, 
ibid.,  87,  884  (1905);  Barrowcliff  and  Power,  ibid.,  91,  557  (1907). 

«H.  C.  Brill,  Philippine  /.  Sci.,  Section  A,  11,  75  (1916);   ia,  37  (1917);  Brill 
and  Williams,  Philippine  /.  Sci.,  Section  A,  ia,  207  (1917)- 
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Goulding  andAkers1  showed  that  the  oil  from  the  seeds  of  Oncoba 
cshinata,  an  African  plant  belonging  to  the  same  family  as  Taraktogenos 
and  Hydnocarpus,  yielded  chaulmoogric  acid  to  the  extent  of  87.5%  of 
its  fatty  acids. 

It  is  therefore  well  established  that  optically  active  oils  containing 
esters  of  acids  of  the  chaulmoogric  acid  series  are  quite  widely  distributed 
in  the  seeds  of  members  of  the  order  Flacourtiaceae. 

The  injection  of  chaulmoogra  oil  rendered  more  liquid  by  admixture 
with  about  an  equal  volume  of  olive  oil  and  combined  with  other  drugs 
was  tried  at  the  Kalihi  Leprosy  Hospital  in  Honolulu  by  officers  of  the 
United  States  Public  Health  Service.  The  results  led  them  to  believe 
that  there  might  be  real  value  in  such  administration  and  in  the  fall  of 
191 5  they  came  to  the  chemical  laboratory  of  the  College  of  Hawaii  for 
assistance.  On  the  assumption  that  there  was  some  therapeutic  value 
in  the  oil,  the  most  obvious  line  of  experimentation  was  that  directed  to 
the  isolation  of  the  active  agent  or  agents  and  the  preparation  of  liquids 
more  suitable  for  intramuscular  or  intravenous  injections. 

Since  there  was  no  method  of  testing  for  the  curative  principle  except 
the  results  of  injections,  the  plan  proposed  was  to  split  the  oil  up  into 
fractions,  test  these  and  follow  the  dues  which  their  clinical  application 
might  furnish.  The  form  of  material  for  administration  presented  some 
difficulties.  The  mixed  fatty  acids  from  chaulmoogra  oil  are  solid  at 
ordinary  temperatures.  The  physicians  were  adverse  to  using  the  sol- 
uble salts  for  intravenous  injections  for  fear  of  haemolysis.  On  making 
the  ethyl  esters  of  the  fatty  acids  we  found  them  thin  liquids  and  experi- 
ment showed  that  they  were  readily  absorbed  from  intramuscular  injec- 
tions. 

Leprosy  is  a  slow  disease  and  improvement,  when  it  occurs,  is  a  matter 
of  months  and  even  years.  After  several  years'  experience  with  ethyl 
esters  of  the  fatty  acids  of  chaulmoogra  oil  the  working  hypothesis  appeared 
justified  that  the  fatty  acids  of  the  chaulmoogric  acid  series  are  specific 
in  leprosy. 

Reports  of  the  earlier  part  of  the  clinical  work  have  been  published1 
and  a  later  report  will  soon  appear.  In  brief  it  may  be  said  that  a  con- 
siderable number  of  patients  improved  to  the  point  of  becoming  clinically 
and  bacteriologically  free  from  leprosy  and  that  it  was  impossible  to 
identify  this  effect  with  any  one  of  the  4  fractions  of  fatty  acids  used. 

It  seemed  important  to  test  out  the  hypothesis  stated  above  by  placing 
groups  of  lepers  on  treatment  with  the  pure  ethyl  esters  of  chaulmoogric 
acid  and  hydnocarpic  acid.    This  necessitated  the  preparation  of  con- 

1  Goulding  and  Akers,  Proc.  Chem.  Soc,  29,  197  (19 13). 

2  Hollmann  and  Dean,  /.  Cutaneous  Diseases,  37,  367.     McDonald  and  Dean,  U. 
S.  Public  Health  Repts.,  Aug.  20,  zgao. 
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siderable  quantities  of  the  pure  acids  and  led  to  the  following  study  of 
methods  of  fractionating  chaulmoogra  oil. 

Experimental  Part.      # 

Separation  of  Fatty  Acids  by  Crystallization  from  Alcohol. — Five  hun- 
dred g.  of  the  mixed  fatty  acids  from  chaulmoogra  oil  was  dissolved  by 
warming  with  1125  cc.  of  92%  alcohol  and  allowed  to  crystallize  over 
night  in  the  refrigerator,  which  gave  an  approximately  30%  yield  of  a 
semi-crystalline  material  which,  after  repeated  recrystallization  from 
alcohol,  gave  about  18  g.  of  chaulmoogric  acid  melting  at  68°. 

By  concentrating  the  mother  liquors  resulting  from  the  above  opera- 
tions further  yields  of  less  crystalline  material  were  obtained  which  on 
extended  recrystallization  from  alcohol  gave  a  few  grams  more  of  pure 
chaulmoogric  acid,  but  no  hydnocarpic  acid.  It  was  found  that  this 
semi-crystalline  material,  which  may  have  represented  a  eutectic  mix- 
ture of  chaulmoogric  and  hydnocarpic  acids,  on  recrystallization  from 
alcohol  rapidly  improved  in  melting  point  until  the  range  of  48-52  °  was 
reached,  after  which  repeated  crystallization  had  little  effect  beyond  the 
separation  of  very  small  first  crops  melting  at  5  2-54  °  which,  if  saved  and 
combined  with  others  of  similar  melting  point  and  then  recrystallized 
several  times  from  alcohol,  would  afford  fractions  of  a  gram  of  pure  chaul- 
moogric acid. 

To  determine  whether  or  not  a  slower  rate  of  crystallization  than  that 
obtained  in  the  refrigerator  would  effect  a  more  clean-cut  separation  of 
chaulmoogric  acid  and  perhaps  furnish  the  means  for  isolating  hydno- 
carpic acid,  the  following  experiment  was  tried. 

Four  hundred  and  seventy-nine  g.  of  mixed  fatty  acids  was  dissolved 
in  1000  cc.  of  hot  92%  alcohol,  the  resulting  solution  cooled  to  room  tem- 
perature and  slowly  evaporated  in  a  current  of  air  from  an  electric  fan, 
during  which  the  temperature  remained  between  20  °  and  23  °.  As  evap- 
oration and  precipitation  progressed  the  following  fractions  were  removed : 

Time  required 

to  precipitate.  Yield.  Melting  point. 

Fraction.  Hours.  G.  °C. 

1 3  57  43-44 

2 I  79  42-46 

3 3  -                         63  43-47 

4 Overnight  139  43~45 

3 40  25-35 

6 100  Below  25 

The  fourth  fraction  appeared  to  contain  a  small  amount  of  oil  occluded 
in  the  solid  material. 

To  the  small  amount  of  mother  liquor  from  this  fourth  fraction  water 
was  added,  which  caused  precipitation  at  first,  then  separation  into  aqueous 
and  oily  layers.    The  oil  was  taken  up  in  ether,  washed  free  from  alcohol 
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and  dried.  On  evaporating  the  ether  an  oily  mass  was  obtained  which 
was  separated,  by  pressing,  into  about  40  g.  erf  low  melting  solids  and  100 
g.  of  oil  which  were  designated  as  the  fifth  and  sixth  fractions,  respectively. 

The  first  and  second*  fractions  were  combined  and  recrystallized  from 
92%  alcohol,  which  gave  35  g.  of  semi-crystalline  material  melting  at 
44-45  °,  and  the  mother  liquor  which  was  evaporated  to  dryness  and 
combined  with  the  original  third,  fourth  and  fifth  fractions.  These  com- 
bined materials  were  recrystallized  from  alcohol  but  gave  low  melting 
solids  and  mother  liquors  from  which  oily  materials  were  obtained.  On 
account  of  this,  and  the  failure  of  the  2  fractions  to  give  a  crystalline 
material  of  appreciably  improved  melting  point  on  recrystallization,  this 
method  was  abandoned. 

Separation  of  Fatty  Acids  by  Means  of  Barium  Acetate. — The  follow- 
ing experiment  was  undertaken  to  determine  whether  chaulmoogric  and 
hydnocarpic  adds  could  be  obtained  on  the  large  scale  from  chaulmoogra 
oil  by  the  barium  acetate  method  which  enabled  Power  and  BarrowclifF 
to  isolate  hydnocarpic  acid  from  chaulmoogra  oil1  and  which  they  used 
successfully  in  preparing  this  acid  from  the  oil  derived  from  the  seeds  of 
Hydnocarpus  WighHana.* 

Pour  hundred  and  seventy-eight  g.  of  the  mixed  fatty  acids  from  chaul- 
moogra oil  was  dissolved  in  one  liter  of  93.5%  alcohol,  and  boiled  with 
animal  charcoal  for  1.5  hours  to  remove  the  resinous  matter  which  imparted 
a  yellow  color  to  the  solution.  After  filtering  off  the  animal  charcoal, 
which  left  the  solution  much  lighter  in  color,  another  liter  of  alcohol  was 
added  and  the  solution  warmed.  To  this  was  added,  with  constant  stir- 
ring, 62  g.  of  barium  acetate  monohydrate  dissolved  in  the  least  possible 
quantity  of  hot  water,  this  being  a  slight  excess  over  the  calculated  amount 
of  barium  acetate  necessary  to  precipitate  1/A  of  the  fatty  acids,  figured 
in  terms  of  chaulmoogric  acid,  C17H31.COOH.  A  pasty  mass  was  im- 
mediately precipitated  which  did  not  entirely  dissolve  on  heating.  When 
the  solution  was  cool,  a  large  flocculent  precipitate  separated  which  was 
filtered  off.  To  the  resulting  mother  liquor  a  second  and  third  62-g. 
portion  of  barium  acetate  were  added,  which  furnished  the  second  and 
third  fractions  of  barium  salts  respectively;  also  a  final  mother  liquor 
from  which  the  alcohol  was  evaporated,  leaving  a  pasty  non-crystalline 
mass. 

The  3  fractions  of  barium  salts  were  warmed  with  an  excess  of  dil. 
sulfuric  acid  which  caused  precipitation  of  barium  sulfate  and  liberation 
of  free  fatty  acids  which  were  liquid  at  the  temperature  employed  and  rose 
to  the  top  of  the  aqueous  layer  in  the  form  of  a  reddish-brown  oil. 

This  treatment  with  dil.  sulfuric  acid  had  to  be  repeated  several  times, 
1  /.  Chem.  Soc.,  87,  896  (1905). 
*Itid.t  87,  888  (1905). 
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as  it  was  found  to  be  difficult  to  remove  the  last  of  the  barium  salts  from 
the  oily  layer.  During  this  process  the  discoloration  of  the  fatty  acids 
increased,  due  probably  to  slight  charring,  in  spite  of  the  fact  that  the 
sulfuric  acid  used  was  quite  dilute. 

Fractions  i  and  2  were  combined,  dissolved  in  93.5%  alcohol  and  boiled 
with  animal  charcoal  to  remove  charred  matter,  after  which  the  solution 
was  filtered  and  allowed  to  crystallize.  The  resulting  material  was  small 
in  amount  and  melted  at  61  °.  After  several  recrystaJlizations  it  melted 
at  67-68°,  and  as  this  remained  unchanged  on  recrystallization  from  a 
variety  of  solvents  the  material  was  apparently  chaulmoogric  acid.  The 
yield  was  less  than  10  g. 

The  third  fraction  and  the  residue  from  the  final  mother  liquor  were 
combined  and  treated  in  a  similar  manner.  After  2  crystallizations  the 
material  melted  at  62°;  after  4  crystallizations  it  melted  at  58°  and  after 
2  more  crystallizations  it  melted  at  60  °.  As  the  yield  at  this  point  was 
only  a  little  over  0.2  g.,  it  was  not  practicable  to  recrystallize  it  again  to 
determine  whether  the  melting  point  had  become  stationary,  but  since 
a  little  of  this  material  mixed  with  an  equal  part  of  the  chaulmoogric  acid 
obtained  from  the  first  2  fractions  melted  at  55°,  it  was  assumed  that 
this  was  hydnocarpic  acid  rather  than  an  impure  chaulmoogric  acid. 

While  the  yields  of  both  chaulmoogric  and  hydnocarpic  adds  could  un- 
doubtedly be  increased  by  improved  manipulation,  this  method  was  aban- 
doned as  unsuitable  for  producing  these  acids  in  sufficiently  large  quantities. 
Fractional  Distillation  of  Ethyl  Esters  Under  High  Vacuum.— The 
mixed  ethyl  esters  of  the  acids  in  chaulmoogra  oil  were  prepared  by  pass- 
ing dry  hydrogen  chloride  into  a  mixture  of  equal  volumes  of  dry  alcohol 
and  the  mixed,  free  fatty  adds.  The  resulting  esters,  after  being  washed 
and  dried,  had  a  specific  gravity  of  0.891  at  15.5  °  and  were  reddish-brown 
in  color.  By  titration  it  was  found  that  they  contained  about  5%  of  un- 
combined  acids. 

The  apparatus  used  for  the  distillation  of  these  esters  consisted  o*  a 
500  cc.  Kjeldahl  flask  with  a  fractioning  column  in  the  neck,  composed 
of  glass  beads  supported  by  a  tight  roll  of  wire  gauze  placed  at  the  bottom 
of  the  neck.  This  roll  of  gauze  also  served  the  purpose  of  preventing 
frothing  over.  The  flask  was  provided  with  a  cork  stopper  through  which 
ran  a  thermometer,  a  dropping  funnel  and  a  delivery  tube.  The  delivery 
tube  was  constructed  from  a  meter  length  of  ordinary  glass  tubing  by 
making  an  approximately  80  °  bend  in  it  suffidently  near  one  end  so  that 
the  short  arm  would  just  reach  through  the  cork. 

Considerable  difficulty  was  experienced  in  obtaining  an  air-tight  joint 
at  this  point.  The  use  of  rubber  stoppers  was  prohibited  on  account  of 
the  softening  effect  of  the  hot  vapors.  The  best  results  were  obtained 
by  cutting  a  spedal  cork  on  a  turning  lathe  so  that  it  could  penetrate  the 
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neck  of  the  flask  about  1  l/2  inches,  making  a  good  contact  with  the  glass 
all  the  way,  and  yet  be  prevented  from  going  too  far  by  means  of  a  shoul- 
der left  on  the  top  of  the  cork.  A  coat  of  shellac  over  this  made  a  fairly 
effective  seal. 

At  the  far  end  of  this  delivery  tube,  which  on  account  of  its  length  also 
acted  as  a  condenser,  was  connected,  by  means  of  a  short  length  of  pressure 
tubing,  a  3-way  stopcock  through  which  the  distillate  could  be  directed 
into  either  of  2  graduated  receivers.  Beyond  these  receivers,  and  con- 
nected to  them  by  short  lengths  of  glass  tubing,  was  a  4-way  stopcock 
by  means  of  which  either  receiver  could  be  connected  with  the  outer 
air  to  release  its  vacuum  while  the  other  receiver  was  connected  through 
a  manometer  to  a  powerful  motor-driven  vacuum  pump.  By  means  of 
this  apparatus  the  fraction  which  had  been  collected  in  one  of  the  re- 
ceivers could  be  removed  while  the  distillate  was  caught  in  the  other, 
without  the  vacuum  or  the  rate  of  distillation  being  disturbed. 

Two  350-cc.  portions  of  the  mixed  ethyl  esters  were  subjected  to  frac- 
tional distillation  in  this  apparatus,  the  results  of  which  are  giveil  in 
tabulated  form  below. 

Distillation  of  Two  350  cc.  Portions  of  Mixed  Esters  Under  Pressure  of  3  to  4  mm. 

Temp,  range.  No.  1.  No.  2. 

Fraction.  *  C.  Cc.  Cc. 

A-I Below  185  90  90 

A-2 185-190  80  155 

A-3 190-195  9°  40 

A-4 Above  195  70  45 

Total  vol.  recovered 330  330 

As  both  portions  of  ethyl  enters  were  from  the  same  lot,  it  was  assumed 
that  fractions  of  approximately  equal  volume  would  be  obtained  in  each 
case,  when  these  were  collected  over  the  same  temperature  range.  It 
will  be  noted,  however,  that  there  is  a  wide  discrepancy  between  the 
volumes  of  fractions  Nos.  A-2,  A-3  and  A-4  obtained  from  these  dupli- 
cate operations.  This  is  accounted  for  by  the  fact  that  under  the  high 
vacuum  employed  here,  slight  variations  in  pressure,  with  the  consequent 
changes  in  the  rate  of  heating  necessary  to  maintain  a  fairly  even  rate  of 
distillation,  cause  variation  of  6°  to  8°  in  the  temperature  recorded  by 
the  thermometer  in  the  neck  of  the  flask. 

The  corresponding  fractions  from  these  duplicate  operations  were  com- 
bined and  redistilled,  introducing  each  combined  fraction  into  the  dis- 
tilling flask  through  the  dropping  funnel,  as  soon  as  the  previous  fraction 
had  nearly  all  distilled  over. 

The  products  of  this  operation  were  classified  into  4  fractions  according 
to  the  temperature  at  which  they  had  distilled  over.  The  results  were  as 
follows. 
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Volume.  Temperature  range. 

Fraction.  Cc.  •  C. 

B-i 150  Below  185 

B-2 290  185-190 

B-3 60  190-195 

B-4 50  Above  195 

Total 550 

One-g.  portions  of  each  of  the  above  fractions  were  saponified,  and  the 
melting  points  of  the  free  acids  taken  with  the  following  results. 

Melting  point. 
Fraction.  •  C. 

B-I 51-53 

B-2 50-52 

B-3 43-48 

B-4 56-57 

These  4  fractions  were  redistilled  in  the  manner  just  described  except 
that  the  pressure  was  reduced  from  3-4  mm.  to  one  mm.  by  the  use  of  a 
more  suitable  grade  of  oil  in  the  vacuum  pump. 

The  yields  and  temperature  ranges  of  the  4  fractions  obtained  are 
given  herewith. 

Volume.  Temperature  ranges. 

Fraction.  Cc.  •  C. 

C-1 70  Below  175 

C-2 340  I75-I80 

C-3 50  180-185 

C-4 70  Above  185 

Total  volume 530 

The  results  of  this  and  the  preceding  distillation  illustrate  the  wide 
difference  in  boiling-point  range  caused  by  a  slight  difference  in  the  pres- 
sure. 

One-g.  portions  from  each  of  the  above  fractions  were  saponified  and 
the  melting  points  of  the  free  acids  taken,  which  were  as  follows. 

Melting  point. 
Fraction.  *  C 

c-i 50-53 

C-2 52-54 

C-3 55-57 

C-4 59-62 

These  4  fractions  were  redistilled  once  more  in  the  same  manner  as  de- 
scribed above  with  the  following  results. 

Volume.  Temperature  range. 

Fraction.  Cc.  °  C. 

D-i 260  Below  175 

D-2 160  175-180 

D-3 40  180-185 

D-4 40  Above  185 

"  • 

Total  volume 500 
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The  esters  comprising  these  4  fractions  were  saponified  by  heating  with 
an  excess  of  alcoholic  potash  and  the  resulting  soaps  decomposed  with 
hydrochloric  acid.  The  yields  of  free  fatty  adds  and  their  melting  points 
were  as  follows. 

Melting  point. 
Fraction.  G.  •  C. 

D-I 197  3  50-53 

D-2 118 .8  43-47 

D-3 21.7  56-60 

D-4 20 .2  '                      63-65 

Total  volume 358 .0 

It  was  thought  from  the  above  results  that  the  isolation  of  pure  chaul- 
moogric  and  hydnocarpic  acids  simply  by  distillation  of  their  mixed  ethyl 
esters  is  not  practicable,  as  the  improvement  in  melting  point  between 
the  fractions  resulting  from  the  second  distillation  and  these  resulting 
from  the  fourth  distillation  was  so  small.  When,  however,  these  frac- 
tions were  recrystallized  from  alcohol  it  was  at  once  apparent  that  a. par- 
tial separation  had  been  effected.     The  results  were  as  follows. 

Pint  crystallisation      Recrystallisatlou  Second  recrystafliratioo 

from  alcohol.  from  alcohol.  from  alcohol 

Fraction.  G.  °C.  O.  -C.                        G.               *C. 

D-i 50.4  55-56  32  58  21.2  58-5-59.5 

D-2 74 .2  48-51  61 .5  48-51  20  48-51 

D-3 13. 1  67-68  10  67-68                  9.8  67.5-68 

D-4 13.8  66-67               6  67-67.5               4.4  67.5-68 

The  21.2  g.  from  Fraction  D-i  melting  at  58.5-59.5°,  on  being  recrys- 
tallized from  petroleum  ether,  benzene,  and  alcohol,  respectively,  gave 
small  transparent  plates  melting  at  59-60°,  and  this  melting  point  did 
not  change  upon  subsequent  recrystallization.  It  is  evident  that  this 
material  was  almost  pure  hydnocarpic  acid. 

Fractions  D-3  and  D-4  which  furnished  14.2  g.  of  acids  melting  at 
67.5  to  68°  proved  to  be  almost  pure  chaulmoogric  acid,  as  on  recrystalliz- 
ing  once  more  this  material  came  down  in  the  form  of  glistening  plates 
melting  at  68°  and  this  melting  point  did  not  change  on  subsequent 
recrystallization. 

This  method  was  abandoned  in  favor  of  the  more  satisfactory  method 
of  direct  fractional  distillation  of  the  fatty  acids  themselves,  but  the  ester 
distillation  method  is  thought  to  be  a  very  promising  one  and  will  be 
investigated  further. 

Fractional  Distillation  of  Fatty  Acids. — For  the  distillation  in  vacuo 
of  the  fatty  acids  themselves,  which  are  solid  at  ordinary  temperatures, 
it  was  necessary  to  modify  the  apparatus  used  in  distilling  the  ethyl 
esters  described  above. 

The  delivery  tube  was  shortened  to  35  cm.  in  order  that  the  distillate 
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could  pass  through  hot,  and  not  tend  to  solidify.  The  end  of  the  delivery 
tube  reached  through  a  No.  10  2-hole  stopper,  through  the  other  hole 
of  which  extended  a  short  piece  of  glass  tubing  which  was  connected  with 
the  vacuum  line  through  a  3-way  stopcock. 

This  large  2-hole  stopper  was  inserted  into  a  wide  mouthed  dropping 
funnel,  the  stem  of  which  was  cut  off  5  cm.  below  the  valve,  and  inserted 
into  one  of  the  2  openings  of  a  No.  11  2-hole  stopper  which  fitted  into  a 
graduated  receiver.  Through  the  other  hole  of  this  stopper  was  a  short 
piece  of  glass  tubing  which  was  connected  to  a  3-way  stopcock,  one  branch 
of  which  communicated  with  the  outer  air,  the  other  being  connected 
with  the  3-way  stopcock  in  the  vacuum  line  to  which  reference  is  made 
above. 

By  means  of  this  apparatus,  when  a  fraction  of  the  desired  size  had 
collected  in  the  graduated  receiver,  the  valve  in  the  stem  of  the  dropping 
funnel  above  the  receiver  could  be  closed,  the  vacuum  could  be  com- 
municated to  the  connection  in  the  dropping  funnel,  while  air  could  be 
allowed  to  enter  the  graduated  receiver  through  the  3-way  stopcock  con- 
nected to  it.  In  this  way  the  receiver  could  be  removed,  while  the  dis- 
tillate meanwhile  was  collecting  in  the  dropping  funnel  under  a  vacuum 
which  had  not  been  disturbed.  Having  replaced  the  graduated  receiver 
and  evacuated  it,  the  one-way  stopcock  above  it  could  be  opened  and  the 
small  amount  of  distillate  in  the  dropping  funnel  allowed  to  flow  down 
into  the  graduated  receiver.  The  principle  of  this  receiving  apparatus 
was  the  same  as  that  of  the  special  receiver  shown  in  Fig.  2,  which  was 
designed  later  to  eliminate  the  difficulties  encountered  in  operating  this 
improvised  apparatus,  the  worst  of  which  were  air  leaks  in  the  rubber 
connections,  and  clogging  up  of  the  small  bores  of  the  stopcock  by  con- 
densed fatty  acids. 

Three  hundred  and  fifty  cc.  of  mixed  fatty  acids  from  chaulmoogra  oil 
was  distilled  in  this  apparatus  under  a  pressure  of  1.5  mm.  which  in- 
creased to  3  mm.  when  the  distillation  was  about  half  completed,  due  to 
an  air  leak.   The  results  are  given  in  tabulated  form  herewith. 

Melting?  point 
Melting  point  distillate 

of  crude  crystallised 

Volume.         Temperature  range.        distillate.  from  alcohol. 

Fraction.  Cc  °C.  °C.  °C. 

1 40  174-199  48-49  54-55 

2 IOO  199-204  49-52  54-56 

3 IOO  204-2 1 1  47-49  48-49 

4w 50  2 1 1-2 12  42-46  67-68 

Total  volume 290 

Thus  290  cc.  was  recovered,  the  first  2  fractions  of  which,  amounting  to 
140  cc,  on  being  recrystallized  from  93.5%  alcohol  3  times  gave  approx- 
imately 15  g.  of  pure  hydnocarpic  acid  melting  at  59-600,  and  the  l&st  frac- 
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tion,  amounting  to  50  cc,  on  being  recrystallized  twice,  gave  approx- 
imately 25  g.  of  pure  chaulmoogric  acid  melting  at  68°. 

The  third  fraction,  which  melted  at  47-49  °,  did  not  improve  in  melt- 
ing point  to  any  appreciable  extent.  It  is  thought  to  be  a  eutectic  mix- 
ture of  chaulmoogric  and  hydnocarpic  acids. 

Three  separate  portions  of  mixed  fatty  acids  from  the  same  lot,  con- 
sisting in  each  case  of  300  g.  (325  cc.)  were  distilled  in  vacuo,  the  results 
of  which  are  given  below.  As  in  the  case  of  the  ethyl  esters,  there  is  a 
wide  discrepancy  in  temperature-range  of  the  vapor  for  corresponding 
fractions,  due  to  slight  variations  in  the  pressure  and  rate  of  heating. 

Pint  Portion.  Second  Portion.  Third  Portion. 

Temp.  Temp.  Temp. 

Volume.        range.        Av.  pres.  range.        Av.  pre*.      range.         At.  pres. 

Fraction.  Cc  •  C.  Mm.  0C.  Mm.  °C.  Mm. 

A-1 20  178-190  2.5  186-193  2.5  186-190  1.5 

A-2 IOO  190-197  2.5  193-196  2.5  190-192  1.5 

A-3 IOO  197-199  2.5  196-203  2.5  192-201  1.5 

A-4 70  199-209  2.5  203-208.5  2.5  201-210  1.5 

To  try  the  effect  of  redistillation  the  corresponding  fractions  from  these 
distillations  were  combined  and  redistilled,  adding  each  fraction  through 
the  small  dropping  funnel  in  the  top  of  the  distilling  flask  when  the  pre- 
vious fraction  was  nearly  all  distilled  over. 

The  results  of  this  redistillation  and  the  melting  points  of  the  crude 
distillates,  and  the  small  portions  thereof  crystallized  from  alcohol,  were 
as  follows. 

M.  p.  of  distillates. 

Average  * » * 

Volume.        Temp,  range.      Pressure.  Crude.  Recrystallised. 

Fraction.  Cc.  6  C  Mm.  °C.  °C. 

B-i 100     160-192     3       45-47  48-51 

B-2 300      186-193*      I  25      40.5-42 .5  48-51 

B-3 160      193-197      I  5      40-41  55-57 

B-4 240      197-202.5    1.5      50-52  64-66 

•  Shut  down  overnight  between  fractions  Nos.  B-i  and  B-2. 

These  4  fractions  Of  Series  B  were  redistilled  in  the  same  way,  cutting 
into  6  fractions. 

M.  p.  of  distillates. 

Average  /  * 

-  Volume.       Temp,  range.    Pressure.  Crude.         Recrystallised. 

*      Fraction.  Cc.  °  C  Mm.  •  C  °  C. 

C-1 70       I96-I99 .5     2  42-46       46-50 

C-2 40       199 .5-204     2  .5        42-46       54-55 

C-3 190  204-208.5         2.5  45-47  55-56 

C-4 150  199-206 .5*       2 .5  43-45  48-50 

C-5 250  206.5-216         2 .5  47-49  65-66 

C-6 25        -     216-218  4  55-56.5  65.5-66.5 

*  Shut  down  overnight  between  fractions  Nos.  C-3  and  C-4. 

Fractions  C-2  and  C-3,  and  C-5  and  C-6,  were  combined,  necessitating 
a  new  designation  of  the  series  as  follows. 
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Fraction  C-i  becomes  Fraction  C-a 

Fraction  C-2  and  C-3,  becomes  Fraction  C-6 
Fraction  C-4  becomes  Fraction  C-c 

Fraction  C-5  and  C-6,  becomes  Fraction  C-d 

Each  of  these  4  resulting  fractions  was  redistilled  independently,  divid- 
ing the  distillate  from  each  into  fractions  when  necessary.  The  results 
are  given  herewith  in  tabulated  form. 


Fraction 
distilled. 


C-C. 


C-d. 


Fraction  Volume, 
received.       Cc. 

Temp, 
range. 

°C. 

Press. 
Mm. 

Melting  points 
of  distillates. 

Volume. 
Cc. 

Crude. 

°c. 

Recrystallized 

from  alcohol. 

°C. 

70 

D-I           60 

164-178 

I    25 

43-45 

45-47 

230 

D-2         150 

165-177 

47-49 

53-55 

D-3          60 

177-180 

47*49 

52-54 

I50 

D-4        100 

174-178 

45-48 

51-53 

D-5          40 

178-188 

41-43 

57-59 

275 

D-6        100 

174-192 

39-42 

55-59 

D-7        160 

192-199 

I.25 

51-53 

63-65 

In  order  to  combine  fractions  of  similar  melting  point  and  reduce  the 
total  number,  Fraction  D-i  was  kept  separate  and  designated  as  D-a; 
Fractions  D-2,  D-3  and  D-4  were  combined  and  designated  as  D-6;  Frac- 
tions D-5  and  D-6  were  combined  and  designated  as  D-c;  Fraction  D-7 
was  kept  separate  and  designated  as  D-d. 


Fraction. 

wt. 

G. 

Wt.  obtained. 
G. 

Substance. 

*<£■ 

D-a 

59 

0.6 

1-4 
21 .0 
310 

hydnocarpic  acid 
material 
material 
oily  material 

59-60 
62-63 

45-53 

D-b 

287 

82 

112  .5 
65 

hydnocarpic  acid 

material 

oily  material 

59-60 
45-53 

D-c 

130 

18.4 
54 

45 

chaulmoogric  acid 

material 

oily  material 

67-68 
45-53 

D-d 

168 

59-6 

25  4 
68 

chaulmoogric  acid 

material 

oily  material 

67-68 
45-53 

Total  for  the  entire  4 

fractions  of: 

78 

i-4 
82.6 
212.9 
209 

chaulmoogric  acid 
unknown  acid 
hydnocarpic  acid 
material 
oily  material 

67-68 
62-63 
59-60 
45-63 

583.9 

Each  of  these  resulting  4  fractions  was  subjected  to  an  extended  frac- 
tional crystallization  from  alcohol,  involving  from  25  to  33  recrystalliza- 
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tions  in  each  case.  Work  was  continued  on  each  of  the  4  fractions  until 
nothing  remained  but  pure  chaulmoogric  or  hydnocarpic  adds,  or  oily 
material,  or  solids  which  did  not  improve  in  melting  point  on  further 
crystallization. 

The  results  are  briefly  summarized  in  the  preceding  table. 

It  was  found  that  the  212  g.  of  miscellaneous  material  from  all  4  frac- 
tions, melting  between  45-53  °,  could  in  each  case  be  purified  by  recrys- 
tallization  from  alcohol  until  its  melting  point  became  approximately 
48-52  °,  after  which  further  recrystallization  had  little  effect. 

In  order  to  determine  whether  this  was  a  lower  homologue  of  chaul- 
moogric and  hydnocarpic  acids,  or  a  eutectic  mixture  of  the  two,  139  g. 
of  this  material  melting  at  48-52  °  was  subjected  to  further  distillation  in 
vacuo.  Dining  the  distillation  the  temperature  fluctuated  between  188  ° 
and  1 950  and  the  pressure  between  1.5  and  3  mm.  The  distillate  was  cut 
into  four  30-cc.  fractions,  on  which  the  following  data  was  gathered. 

1.  2.  3.  4. 

Fraction.  O.  °C  5!  •  C.         G.  •  C.  O  •  C. 

Melting  points  of 
crude  distillates  27        49-51         27      50.5-52    27      50.5-52  27        50-51  -5 

Cryst,  from  alco- 
hol      25        46-49  16      495-52    20      495-52  195    50-53 

Recrystallized 
from  alcohol..     21        49.5-52        4.3  57-58         18.5  5^-53  ".2     53~55 

Recryst.     again 
from  alcohol. .     14.5    495-52        2.459-60        17      56-57  9        53~55 

Recryst.  again 
from  alcohol 6 .5  58 .5-59 .5       

Recryst.  from  P. 
ether 4        56-57  2        57-58 

While  these  results  are  rather  indeterminate,  they  indicate  a  material 
which  approximates  a  eutectic  mixture  which  neither  the  fractional  dis- 
tillation nor  crystallization  could  separate  effectively. 

From  the  foregoing,  it  is  apparent  that  the  original  experiment  on  direct 
fractional  distillation  of  the  mixed  fatty  acids,  which  gave  4  fractions 
melting  at  54-55  °,  54-56 °,  48-49  °,  and  67-68  °  respectively,  after  one 
crystallization  from  alcohol,  effected  a  separation  of  chaulmoogric  and 
hydnocarpic  acids  which  was  as  good,  if  not  better,  than  the  one  just 
described,  which  involved  3  redistillations  of  the  fractions  obtained  by 
distilling  once,  and  gave  6  fractions  melting,  after  one  crystallization  from 
alcohol,  at  45-47°,  53-55°,  5*-54°,  5i~53 °,  57-59°,  55*59°  and  63-650 
respectively.  It  was  therefore  decided  to  distill  the  mixed  fatty  acids 
only  once,  and  to  attempt  to  get  larger  yields  of  pure  acids  by  making 
that  one  distillation  more  efficient  by  means  of  improved  apparatus  and 
by  cutting  into  fractions  at  the  most  advantageous  points. 

In  order  to  determine  the  best  possible  points  for  cutting  fractions  a 
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new  vacuum  distillation  was  run  on  a  300-g.  portion  of  mixed  fatty  acids, 
and  the  distillate  cut  into  fifteen  20-cc.  fractions.  The  melting  point  of 
each  of  these  fractions  was  taken  and  the  fraction  then  crystallized  from 
alcohol,  in  such  a  manner  as  to  give  a  first  crop,  second  crop  and  residue  of 
approximately  equal  weights.  The  melting  points  of  these  3  crops  were 
taken  and  are  given  in  graphic  form  herewith,  together  with  the  melting 
points  of  the  crude  distillates.    (Pig.  1.) 
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Fig.  1. 

On  the  strength  of  the  above  melting-point  diagram,  Fractions  1-6 
inclusive  were  combined  and  worked  for  hydnocarpic  acid,  of  which  they 
furnished  20  g.  Fractions  12-15  inclusive  were  worked  for  chaulmoogjic 
acid,  of  which  they  furnished  32  g.  Fractions  7-1 1  inclusive  were  com- 
bined and  crystallized  from  alcohol,  but  it  was  found  that  the  melting 
point  quickly  rose  to  the  48-52  °  range,  after  which  repeated  recrystalliza- 
tion  had  little  effect.  This  was  apparently  a  eutectic  mixture  of  hydno- 
carpic and  chaulmoogric  acids. 

From  this  time  up  to  the  present  the  work  has  been  severely  handi- 
capped by  a  radical  lowering  in  the  quality  of  the  chaulmoogra  oil  coming 
on  the  American  market.  In  place  of  the  clear  amber  colored  oil  obtain- 
able in  the  fall  of  191 9,  it  is  now  necessary  to  continue  investigation  on 
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a  dark  reddish-brown  oil  which  is  about  70%  by  volume  solid  matter. 
This  inferior  product  has  nearly  the  normal  amount  of  chaulmoogric  acid 
in  it,  but  the  hydnocarpic  acid  content  is  only  about  one-third  as  great 
as  in  previous  lots. 

An  improved  apparatus,  which  was  first  employed  in  making  the  frac- 
tional distillation  next  to  be  described,  was  identical  with  that  shown  in 

Fig.  2,   except  that   it 

had  a  2 -liter  side  neck 

flask  of  the  Claisen  type 

^    ^  vnth  a  fractionating  coi- 

\^<^>^  umn  0f  glass  beads  and 

short  lengths  of  glass 
tubing  about  12.5  cm. 
high  in  the  side  neck. 
The  large  capacity  of 
to  vacuum  pump  this  flask  permitted  the 
vacuum  distillations  in 
kilogram  lots  of  mixed 
acids,  and  up  to  the  pres- 
ent time  these  flasks, 
which  were  made  of 
heavy  Pyrex  glass,  have 
shown  no  tendency  to 
collapse  under  high 

vacuum,  the  only  weak  points  being  the  junctures  of  the  side  and  main 

neck,  and  of  the  side  neck  and  delivery  tube. 
In  order  to  throw  more  light  on  the  character  of  the  mixed  acids  from 

chaulmoogra  oil,  1000  g.  of  the  mixed  acids  (1084  cc.)  was  distilled  and 


KeOUNECTtNC  TO 
GRADUATED  RECOVER 

Fig.  2. 


Fig.  3. 


Digitized  by 


Google 


FRACTIONATION  OF  CHAULMOOGRA  OIL, 


264I 


cut  into  18  fractions  of  50  cc.  each.  The  temperature  curves  of  the  vapor 
and  of  the  liquid  in  the  distilling  flask  are  given  in  Fig.  3.  The  melting 
points,  indices  of  refraction,  iodine  numbers,  specific  rotations,  and 
apparent  molecular  weights  for  each  of  the  18  fractions  are  given  in  Fig.  4. 
Interpretation  of  Results. — An  inspection  of  the  data  presented  shows 
that  the  distillation  is  not  effective  in  segregating  any  liquid  fatty  acids 
which  may  be  present  since  all  fractions  solidify  on  cooling  and  require 
temperatures  of  at  least  40  °  to  liquefy  them. 
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Fig  4- 

The  higher  boiling  fractions  give  evidence  of  being  much  nearer  to  pure 
chaulmoogric  acid  than  the  lower  fractions  to  hydnocarpic.  Evidently 
the  lower  fractions  contain  material  of  higher  molecular  weight,  lower 
or  no  rotatory  power,  lower  iodine  absorption,  and  lower  indices  of  re- 
fraction. Oleic  and  palmitic  acids,  both  of  which  were  identified  by 
Power  in  chaulmoogra  oil,  would  have  the  effects  indicated.    With  the 
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chaulmoogric  acid  fractions  there  appears  to  be  relatively  little  optically 
inactive  material,  but  some  materials  which  raise  both  the  iodine  value 
and  the  indices  of  refraction,  indicative  of  more  highly  unsaturated  acids. 

No  evidence  of  any  members  of  the  chaulmoogric  series  below  hydno- 
carpic  acid  nor  above  chaulmoogric  appears. 

After  a  careful  consideration  of  the  probable  composition  of  each  of 
the  18  fractions,  based  on  data  shown  in  Fig.  4,  Fractions  1-6  inclusive 
were  combined  and  worked  for  hydnocarpic  add,  of  which  they  gave  48 
g.;  Fractions  14-18  inclusive  were  combined  and  worked  for  chaulmoogric 
acid,  of  which  they  gave  no  g. 

Fractions  7-13  inclusive  were  combined  and  redistilled  to  determine 
whether  this  would  afford  a  separation  of  the  hydnocarpic  and  chaul- 
moogric acids  which  they  were  thought  to  contain  in  the  form  of  a  sutectic 
mixture.    The  results  of  this  distillation  are  given  herewith. 

Temp,  range  Avenge  Melting  points 

Volume.  of  vapor.  preaeure.  of  distillates. 

Fraction.  Cc.  °C.  Mm.  •  C. 

1 50  186-196  3.25  43-49 

2 SO  196-198.5  35  43-49 

3 SO  198-201 .5  4  42-46 

4 50  201-209  4.5  32-49 

5 30  209-210  4.5  50-57 

A  comparison  of  the  melting  points  of  these  fractions  with  those  of  the 
7  fractions  from  which  the  distillation  was  made,  41-44 °,  40-43 °,  41-43.5  °, 
40-43  °,  40-43  °>  4I-440  and  45-48 °  respectively,  shows  very  plainly  that 
a  partial  separation  was  effected  by  this  second  distillation.  This  was 
confirmed  by  the  extraction  of  a  small  amount  of  hydnocarpic  acid  from 
the  combined  Fractions  1  and  2,  and  a  small  amount  of  chaulmoogric 
acid  from  Fraction  5.  The  greater  part,  however,  of  the  products  of  this 
distillation  improved  in  melting  point  on  recrystallization  until  the  48- 
52  °  range  was  reached,  after  which  further  crystallization  had  little  effect. 

This  shows  that  it  is  unprofitable  to  redistill  the  mixture  fraction  by 
itself.  It  has  been  found,  however,  that  the  addition  of  the  mixture  frac- 
tion to  the  next  lot  of  mixed  fatty  acids  to  be  distilled  increases  very 
materially  the  yield  of  hydnocarpic  and  chaulmoogric  acids  which  can 
be  obtained  from  such  distillations. 

Reference  to  Fig.  4  will  show  that  the  portion  of  the  distillate  designated 
as  the  hydnocarpic  add  fraction  consisted  of  the  first  300  cc.  distilled  off 
from  one  kg.  (1084  cc.)  of  mixed  fatty  acids;  that  the  mixture  fraction 
consisted  of  the  next  350  cc.  to  distill  over,  while  the  chaulmoogric  acid 
fraction  included  all  the  remainder  of  the  distillate  (approximately  250 
cc.). 

It  has  been  found  lately  that  in  the  case  of  low  grade  chaulmoogra  oil 
fetter  results  are  obtained  by  cutting  the  distillate  from  one  k$.  of  material 
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(300  cc.  of  mixture  fraction  from  previous  distillation  plus  sufficient  crude 
mixed  fatty  acids  to  make  1000  g.)  as  follows. 

Hydnocarpic  add  fraction First  350  cc. 

Mixture  fraction Next   300  cc. 

Chaulmoogric  acid  fraction. . .  250  cc. 

Having  established  a  satisfactory  procedure  for  carrying  out  the  frac- 
tional distillation  of  the  mixed  fatty  acids,  attention  was  turned  to  the 
second  phase  of  the  separation,  namely,  fractional  crystallization.  An 
extended  investigation  of  the  relative  efficiency  of  a  variety  of  solvents 
in  various  proportions  to  the  weights  of  the  material  being  crystallized 
brought  out  the  following  facts. 

For  the  chaulmoogric  acid  fraction  the  most  effective  solvent  is  80% 
alcohol  in  the  proportion  of  20  cc.  of  solvent  to  5  g.  of  solute. 

For  the  mixture  fraction  no  solvent  has  been  found  which  will  effectively 
separate  the  2  acids. 

For  the  hydnocarpic  acid  fraction  80%  alcohol  in  the  ratio  of  20  cc.  of 
solvent  to  5  g.  is  the  most  efficient  for  solutes  whose  melting  point  is 
below  35  °.  After  this  point  has  been  passed  the  most  satisfactory  solvent 
is  petroleum  ether,  in  the  ratio  of  30  cc.  of  solvent  to  5  g.  of  solute. 

When  the  80%  alcohol  is  used  the  best  results  are  obtained  by  allowing 
the  solution  to  stand  overnight  in  an  ordinary  refrigerator  (about  160). 
When  petroleum  ether  is  used  the  treatment  is  the  same  until  nearly  pure 
hydnocarpic  acid  has  been  obtained,  which  crystallizes  best  at  ordinary 
room  temperature,  the  time  required  being  1  to  3  hours. 

A  scheme  for  the  systematic  fractional  crystallization  of  chaulmoogric 
and  hydnocarpic  acid  fractions  has  been  worked  out  which  has  given 
excellent  results.  For  the  chaulmoogric  acid  fraction  10  receptacles  of 
appropriate  size  were  placed  in  a  rack  and  the  receptacles  marked  con- 
secutively for  material  melting:  (1)  below  250;  (2)25-35°;  (3)35-"450; 
(4)45-50°;  (5)50-55°;  (6)55-6o0;  (7)  60-63°;  (8)63-65°;  (9)65-67°; 
(10)  pure  chaulmoogric  acid  68°. 

A  corresponding  set  of  receptacles  was  devoted  to  the  hydnocarpic 
fraction,  marked  for  the  following  melting  point,  temperature  ranges  (1) 
below  25°;  (2)  25-30°;  (3)  3°~35°;  (4)  35"40°;  (5)  40-45°;  (6)  45-50°; 
(7)  50-53°;  (8)  53-56°;  (9)  56-59°  (10)  pure  hydnocarpic  acid  60°. 

In  carrying  out  a  fractional  crystallization  the  crude  distillate  is  first 
allowed  to  crystallize  from  the  proper  solvent  in  such  a  way  that  a  first 
and  second  crop,  amounting  in  each  case  to  approximately  l/s  of  the 
original  weight  of  the  material  are  obtained.  The  final  mother  liquor  is 
washed  with  hot  water  to  remove  alcohol  and  the  resulting  oil  dried. 
This  gives  a  first  crop,  second  crop  and  residue,  which,  after  taking  their 
melting  points,  are  placed  in  the  receptacles  whose  indicated  melting 
point  ranges  cover  that  of  the  product  as  nearly  as  possible. 
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All  three  of  these  are  recrystallized  simultaneously  from  the  appropriate 
solvent,  producing  3  first  crops,  3  second  crops  and  3  residues,  which  are 
classified  according  to  their  melting  points.  Thus  it  frequently  results 
that  a  first  crop  from  low  melting  material  and  a  second  crop  from  ma- 
terial of  intermediate  melting  point  and  a  residue  from  high  melting 
material  will  all  melt  at  about  the  same  point,  and  since  they  will  be 
put  in  the  same  receptacle,  they  will  automatically  be  combined  and 
recrystallized  together  in  the  next  operation. 

Thus  with  a  minimum  amount  of  time  and  effort  the  pure  acids  move 
to  one  end  of  the  series  of  receptacles,  the  liquid  material  moves  to  the 
opposite  end,  while  any  other  solid  acids  of  definite  melting  point  will 
automatically  accumulate  in  one  of  the  intermediate  receptacles. 

Up  to  the  present  time  no  such  solid  acids  havei>een  definitely  isolated, 
but  there  is  reason  to  believe  that  several  such  exist,  and  this  subject, 
together  with  the  composition  of  the  liquid  portions,  will  be  dealt  with 
in  a  later  paper. 

As  the  greater  part  of  this  paper  has  been  devoted  to  tracing  the  devel- 
opment of  this  work,  with  frequent  references  to  the  present  practise, 
it  is  thought  worth  while  at  this  point  to  give  in  some  detail  the  com- 
plete method  in  use  at  the  present  time,  for  the  practically  quantitative 
extraction  of  chaulmoogric  and  hydnocarpic  acids  from  chaulmoogra  oil. 

Two  hundred  and  forty  g.  of  sodium  hydroxide  is  dissolved  in  one  liter 
of  hot  water  and  thoroughly  mixed  with  1500  g.  of  chaulmoogra  oil  in  a 
5-liter,  round-bottom  flask,  and  heated  in  an  autoclave  under  15  pounds 
of  steam  pressure  for  one  hour.  Loss  by  frothing  is  prevented  by  insert- 
ing a  loosely  fitting  wooden  plug  or  stopper  in  the  neck  of  the  flask  through 
which  runs  a  piece  of  16  mm.  i.  d.  glass  tubing,  which  extends  about  35 
cm.  above  the  flask,  where  2  right  angle  bends  lead  it  into  en  800  cc 
beaker,  which  is  placed  on  a  shelf  in  the  autoclave.  A  piece  of  cheese- 
cloth tied  over  the  top  of  the  beaker,  through  which  the  bent  tube  pro- 
jects, effectively  prevents  loss  from  spattering. 

After  removing  the  flask  containing  the  sodium  soaps  from  the  auto- 
clave, the  contents  are  poured  into  about  3  or  4  liters  of  hot  water  in  a 
large  precipitating  jar,  and  stirred  until  dissolved. 

The  soap  solution  is  now  acidified  with  commercial  hydrochloric  acid, 
and  the  liberated  fatty  acids  rise  to  the  top  of  the  water  in  the  form  of 
a  thick  oily  layer.  By  means  of  a  siphon  the  aqueous  layer,  which  contains 
sodium  chloride  and  glycerol,  is  drawn  off  and  discarded.  The  remaining 
oil  is  washed  with  successive  portions  of  hot  water  and  finally  transferred 
to  a  hot-water  funnel,  where,  in  the  course  of  one  to  two  hours  heating 
all  the  water  separates  from  the  liquefied  fatty  acids.  The  latter  are 
strained  through  linen  of  fine  mesh  before  being  allowed  to  solidify.  The 
usual  yield  of  crude  mixed  fatty  acids  is  between  1350  and  1400  g. 
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One  kg.  (1084  cc.  when  liquefied)  of  these  mixed  fatty  acids  was  sub- 
jected to  vacuum  distillation  in  the  apparatus  shown  in  Fig.  2.1 

The  vacuum  is  applied  before  the  temperature  of  the  liquid  in  the  flask 
rises  above  ioo°,  otherwise  serious  frothing-over  may  result.  It  is  best 
to  have  both  of  the  3-way  stopcocks  open  for  the  vacuum,  also  the  one- 
way stopcock  between  the  receiving  chamber  and  the  graduated  receiver. 
There  is  usually  a  tendency  for  a  little  of  the  fatty  acid  vapor  to  solidify 
in  the  stopcocks,  interfering  with  the  vacuum.  This  difficulty  may  be 
obviated  by  playing  a  jet  of  steam  against  the  stopcock.  As  the  stop- 
cocks must  remain  air-tight,  even  while  hot,  it  is  best  to  use  a  mixture  of 
vaseline  and  talcum  powder  as  a  lubricant  in  them. 

The  first  350  cc.  which  distill  over  is  worked  for  hydnocarpic  acid. 
The  next  300  cc.,  composing  the  mixture  fraction,  is  set  aside  to  be  redis- 
tilled as  part  of  the  next  lot  of  mixed  fatty  acids.  The  rest  of  the  dis- 
tillate is  worked  for  chaulmoogric  acid. 

The  chaulmoogric  acid  fraction  is  recrystallized  from  80%  alcohol, 
using  the  proportions  of  20  cc.  to  5  g.  of  the  acids,  and  following  the  sys- 
tematic scheme  for  recrystallizing  given  above. 

The  hydnocarpic  acid  fraction  is  treated  in  the  same  way,  except  that 
material  which  melts  above  35  °  is  recrystallized  from  petroleum  ether, 
using  30  cc.  of  solvent  to  5  g.  of  solute. 

The  amounts  of  chaulmoogric  and  hydnocarpic  acids  present  vary 
largely  according  to  the  quality  of  the  oil,  but  from  even  low  grade  oil, 
starting  with  1000  g.  of  mixed  acids,  this  method  will  give  at  least  50  g. 
of  pure  hydnocarpic  acid  and  100  g.  of  pure  chaulmoogric  acid. 

Honolulu,  T.  H. 

1  It  has  been  found  that  a  very  effective  column  for  the  neck  of  the  flask  is  obtained 
by  locating  4  diaphragms  of  3  mm.  mesh  wire  gauze  at  intervals  of  about  37  mm.,  the 
lowest  being  at  the  bottom  of  the  neck  and  the  highest  being  about  5  cm.  below  the 
outlet  into  the  delivery  tube.  Resting  on  the  lowest  of  these  diaphragms  are  as  many 
25-mm.  lengths  of  glass  tubing,  5.5  mm.  inside  diameter,  placed  vertically,  as  the  neck 
of  the  flask  will  accommodate.  On  the  next  diaphragm  a  similar  set  of  4  mm.  tubes; 
on  the  next  a  set  of  2.5  mm.  tubes,  while  on  the  highest  diaphragm  are  placed  8  mm. 
glass  beads  to  a  thickness  of  about  25  mm.  The  large  tubes  at  the  bottom  take  care 
of  the  heavy  back-flow  of  liquid  at  that  point.  The  increasing  density  of  the  column 
near  the  top  gives  an  increasingly  thorough  washing  to  the  up-coming  gases.  The 
breaks  between  sectors  in  the  column  prevent  the  gas  pressure  from  below  forcing  con- 
densed liquid  up  through  the  column. 
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[Contribution  prom  thb  Chbmicai,  Laboratory  and  thb  Botanical  Laboratory 
of  th9  university  of  michigan.] 

THB  IODOMETRIC  DETERMINATION  OF  AMINO  NITROGEN 
IN  ORGANIC  SUBSTANCES. 

By  H.  H.  Whxard  and  W.  B.  Cakb. 

Rccetod  8cpttmbcr  11,  1920. 

It  has  been  shown  by  Artmann  and  Skrabal1  and  independently  by  E. 
Rupp  and  £.  Rossler,*  that  ammonia  can  be  accurately  determined  by 
oxidation  to  nitrogen  in  alkaline  solution  by  means  of  standard  hypobro- 
mite  solution,  the  excess  of  the  latter  being  determined  by  adding  potas- 
sium iodide  and  acid  and  titrating  the  liberated  iodine  with  thiosulfate. 
Since  this  method  is  more  rapid  and  convenient  than  the  usual  distilla- 
tion with  alkali,  it  seemed  probable  that  it  could  be  advantageously  ap- 
plied in  a  modification  of  the  Kjeldahl  method,  thereby  shortening  the 
usual  procedure  and  obviating  the  necessity  of  a  distillation  apparatus. 

Since  the  material  must  first  be  decomposed  by  digestion  with  hot  cone, 
sulfuric  acid  until  the  carbon  disappears,  attention  was  directed  towards 
shortening  this  part  of  the  process.  Hot  cone,  perchloric  acid  (60  to 
70%)  either  alone  or  in  the  presence  of  sulfuric  acid,  oxidizes  organic 
matter  of  all  sorts  very  rapidly.  An  attempt  was  made,  therefore,  to 
substitute  this  for  sulfuric  acid,  but  although  it  leaves  nothing  to  be  de- 
sired as  regards  the  destruction  of  organic  matter,  it  also  causes  oxida- 
tion of  the  ammonium  salt,  thereby  giving  low  results.  The  organic 
matter  is  not  always  completely  destroyed  when  the  solution  is  color- 
less; in  this  case  it  is  oxidized  by  the  hypobromite,  giving  high  results. 
This  is  well  shown  in  the  following  table. 

It  is  obvious  that  it  is  practically  impossible  to  avoid  loss  of  nitrogen 
by  this  method  if  the  organic  matter  is  completely  oxidized.  Only  by 
adding  the  perchloric  acid  drop  by  drop,  cooling  before  each  addition, 
and  heating  afterwards,  is  it  possible  to  avoid  an  excess,  with  consequent 
oxidation  of  ammonia.    This  procedure  is  too  tedious  to  be  of  any  value. 

Cone,  hydrogen  peroxide  (20  to  40%)  was  tried,  but  this,  too,  evidently 
caused  oxidation  of  ammonia,  since  the  results  were  always  low. 

Potassium  persulfate  was  suggested  by  Scott  and  Myers1  in  the  deter- 
mination of  nitrogen  in  urine.  This  was  found  to  give  excellent  results. 
However,  it  is  absolutely  necessary  that  it  be  added  dry  to  the  cool,  con- 
centrated acid  solution  in  which  the  organic  matter  has  been  charred,  since 
if  any  water  is  present,  the  results  are  always  low,  some  ammonia  appar- 
ently being  oxidized.  Under  these  conditions  a  considerable  excess  of 
oxidizing  agent  does  no  harm,  although  from  5  to  10  times  the  weight 

1  Artmann  and  Skrabal,  Z.  anal.  Chem.,  45,  5  (1907). 

*  Rupp  and  Rossler,  Arch.  Pharm.,  243,  104  (1905). 

*  Scott  and  Myers,  This  Journal,  39,  1044  (191 7). 
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of  organic  matter  is  usually  sufficient,  The  solution  quickly  becomes 
colorless  and  the  excess  is  decomposed  by  heating,  with  the  evolution  of 
oxygen  and  ozone.  Most  of  the  persulfate  on  the  market  contains  am- 
monium salts  which  are  very  difficult  to  remove. 

Tabls  I. — Oxidation  with  Pbrchloric  Acid. 

Timed  N  N  Error  in 

H1SO4   HCIO*  boiling.  found.        present.  % 

Bxpt.  Materiel.  Cc.        Cc.  (Minutes.)  O.  G.  total  N. 

i 0.2  g.  sugar -f              ..15                till  0.0156  0.0144  4-8-5 

o  .0677  g.  (NHi)tS04  colorless 

2 0.2  g.  sugar  H-                          15               till  0.0206  0.0192  4-7.3 

o  .0904  g.  (NH*)iS04  colorless 

3 0.2  g.  sugar  +               ..15                 5  0.0144  0.0151  — 4.6 

0.0712  g.  (NHOiSO* 

4 0.2  g.  sugar  +               ..15                 5  0.00927  0.00942  — 1.6 

0.0444  *•  (NH4)jS04 

5 0.0775  g.(NH4)tS04       15                          30  0.0164  0.0164  0.0 

6 0.0596 g.  (NH4)tS04       10  5  30  0.00564  0.01264 — 55.4 

7 0.2  g.  sugar  H-               ..15               till  0.00832  0,00682  4-22.0 

o  .0572  g.  NH4C104  colorless 

8 0.0746 g.  NH4CIO4  20  30  0.00666  0.00889 — 25.1 

9 0.4366  g.  NHUCIO*          10        10               45  0.0324  0.0521  —37.8 

10 0.4684  g.  NH4CIO4                     25              120  0.0528  0.0558  —5.4 

11 o .  1302  g.  acetanilid        ..15               till  0.0138  0.0129  +7.6 

colorless 

12 o.  1 1 38  g.  acetanilid        ..15               till  0.0119  0.0113  +5.6 

colorless 

13 o .  1568  g.  acetanilid        ..25               till  0.0166  0.0155  +7.1 

colorless 

14 o.  15 1 8  g.  acetanilid        ..25               till  0.0163  0.0150  +8.7 

colorless 

15 0.1598  g.  acetanilid                  15               30  0.0157  0.0158  — 0.9 

16 0.2098  g.  acetanilid        ..15               30  0.0199  0.0208  — 4.0 

17 0.1768  g.  acetanilid       10        10               20  0.0100  0.0175  — 42.7 

18* 0.2206  g.  acetanilid       15  10  drops            5  0.0214  0.0218  — 2.2 

ro* 0.1754  8-  acetanilid       15  KC104               5  0.0162  0.0174  — 6.9 

20* 0.1670  g.  acetanilid       15  KC104               5  0.0166  0.0165  +0.6 

*  Charred  with  HiSO*  then  HC104  added  and  boiled  for  5  minutes. 
1  Charred  with  HsSO*  then  KC104  added  and  boiled  for  5  minutes. 

Preparation  of  the  Standard  Hypobromite  Solution. 
A  convenient  concentration  is  0.6  N9  of  which  one  cc.  corresponds  to 
2.8  mg.  of  nitrogen.  To  a  cold  solution  of  30  g.  of  sodium  hydroxide  in 
800  cc  water,  add  slowly,  with  constant  stirring,  50  g.  of  bromine  and 
keep  the  solution  well  cooled.  This  solution  should  be  kept  in  the  dark, 
and  the  lower  the  temperature  the  slower  is  its  rate  of  change  to  bromate 
and  bromide,  some  oxygen  being  liberated.  At  o°  to  50  the  change  in 
one  week  was  negligible,  but  at  room  temperature  it  was  necessary  to 
standardize  the  solution  each  day.  The  following  table  shows  the  rate 
of  change  of  two  different  solutions. 
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Cc  of  0.1  N  thiomlfate  eqnhralent 
to  10  cc.  of  solution. 

—3 

7439 

— I 

73-58* 

— I 

73  58 

— I 

7359 

+9 

73  39 

o 

72.99 

22 

66.15 

22 

64.87 

22 

6392 

22 

63.82 

22 
22 

57.34 
56.14* 
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Table  II.— Stability  of  an  Axkaunb  Solution  of  Sodium  Hypobromtte. 

Date. 
Aug.  19 
Aug.  24 
Aug.  25 
Aug.  28 
Aug.  29 
Aug.  30 

July  27 

July  29 

July  30 

7  P.  M. 

7  a.  M. 

Aug.  13 

Aug.  16 

•During  this  interval  the  temperature  rose  to  io°  for  a  day. 
*22  cc.  of  this  amount  corresponded  to  bromate  present. 

Details  of  the  Method. 

Weigh  out  into  a  short-necked  300-cc.  Kjeldahl  flask  an  amount  of 
the  sample  corresponding  to  about  10  or  15  mg.  of  nitrogen.  Add  15 
cc.  of  cone,  sulfuric  acid  and  heat  until  the  organic  matter  is  completely 
charred  and  the  rapid  evolution  of  sulfur  dioxide  has  ceased.  This  usually 
requires  from  5  to  15  minutes.  Cool,  and  to  the  dark  solution  add  through 
a  thistle  tube  solid  potassium  persulfate  free  from  ammonium  salts,  equal 
to  10  times  the  weight  of  the  sample.  This  method  of  adding  the  per- 
sulfate is  used  to  prevent  any  of  the  latter  from  sticking  to  the  side  of  the 
flask.  For  the  reason  mentioned  above,  it  could  not  be  washed  in  with 
water.  Warm  very  gently  with  constant  swirling  until  the  solution  is 
colorless.  This  usually  requires  about  one  minute.  The  heating  should 
take  place  so  slowly  that  there  is  no  evolution  of  bubbles  of  oxygen  while 
the  solution  is  still  dark  colored.  Sometimes  it  is  necessary  to  make  more 
than  one  addition  of  potassium  persulfate  to  oxidize  all  the  carbon,  and 
occasionally  material  is  found  that  does  not  require  as  much  as  was  recom- 
mended. After  the  carbon  is  completely  oxidized,  heat  the  add  to  gen- 
tle boiling  for  five  minutes  to  destroy  the  excess  of  persulfate,  which  de- 
composes with  the  evolution  of  oxygen  and  ozone.  Cool,  add  70  cc.  of 
water  and  boil  to  remove  any  sulfur  dioxide  formed  during  the  previous 
heating  of  the  acid.  Cool,  add  a  drop  or  two  of  aqueous  methyl  orange 
or  methyl  red  solution  and  neutralize  with  a  solution  of  sodium  hydroxide 
(about  10  AT),  then  add  2  drops  more.  Cool  under  running  water  fre- 
quently during  this  process  to  avoid  loss  of  ammonia. 

The  ammonia  is  now  ready  for  titration.  Add  10  cc.  of  0.6  AT  hypo- 
bromite  solution,  sufficient  so  that  not  over  */s  of  it  is  reduced  by  the 
ammonia,  and  let  stand  for  5  minutes.  Evolution  of  nitrogen  takes  place 
thus: 
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2NH,  +  3NaBrO  =  3NaBr  +  N2  +  3H20. 

Add  5  g.  of  potassium  iodide  and  6  cc.  of  hydrochloric  acid  (sp.  gr.  i .  19). 

Titrate  the  liberated  iodine  with  0.2  N  sodium  thiosulfate  solution,  using 
starch  as  indicator. 

The  hypobromite  is  conveniently  standardized  against  pure  ammonium 

sulfate,  or  against  standard  thiosulfate  after  the  addition  of  iodide  and 
acid,  as  above. 

If  iron  is  present,  the  liberation  of  iodine  by  the  ferric  salt  may  be  pre- 
vented by  the  addition  of  phosphoric  acid,  one  cc.  (sp.  gr.  1.7)  being 
sufficient  for  several  mg.  of  iron. 

Table  III. 

Weight  Sample.  N  found.  N  present. 

Expt.               Substance.                                               G.  %.  %. 

1.  a-Alanine 0.0816  15 .83  15 .73 

2.  "                                            0.1332  15.72  15.73 

3.  Acetanilid  A 0.2493  10.21  10.22 

4.  "                                             0.1394  10.22  10.22 

5.  0.2  g.  sugar  4-  (NH4)tS04 0.0790  21.10  21.20 

6.  "                                              0.0786  21.05  21.20 

7.  "                                              0.0585  21.06  21.20 

8.  "                                              0.0642  21.32  21.20 

9.  (NHO1SO4  alone o  .0552  21 .09  21 .20 

10.  Benzidine 0.1040  15.16  15.20 

11.  "                                              0.1510  15.21  1520 

12.  Acetanilid  B 0.1423  10.42  10 .37 

13-                 "                                              0.1723  10.31  •              10.37 

14.  "                                              0.2206  10.44  10.37 

15.  Acetanilid  C 0.3086  9.95  9.90 

16.  "                                              0.1268  9.90  9.90 

17.  Michler's  ketone 0.2154  10.12  10.13* 

18.  Gelatin  A 0.1000  16.95  16.94 

19.  "                                              0.0932  16.88  1694 

20.  "                                              0.1328  16.93  16.94 

21.  Gelatin  B 0.1110  16.70  16.71 

22.  Peptone 0.2804  13.01  13.00 

23.  "                                             0.2984  13.00  1300 

24.  "                                              0.1888  1302  13.00 

25.  "                                               0.1888  13.016  1300 

26.  Wheat  Flour o  .3076  2.15  2 . 1 1 

27.  "                                              0.3118  2.05  2. 11 

28.  "                                              0.3642  2.18  2. 1 1 

29.  "                                              0.4608  2.16  2. 1 1 

30.  Sawdust 0.2192  1.53  1.53 

31.  "                  0.3164  1.56  1.53 
32-       "                   0.2076  1.47  1.53 

33.  "                   0.2378  1.47  1.53 

34.  Egg  Albumen 0.1474  12.82  12.70 

35.  "                                            0.1728  12.72  12.70 

36.  "                                            0.2859  12.61  12.70 

37.  "                                            0.2580  12.64  12.70 
*  Combustion  method. 
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Precautions. 

Potassium  persulfate  often  contains  ammonium  salts  and  retains  traces 
even  after  3  recrystallizations.  In  such  a  case  it  is  necessary  to  run  a 
blank  and  apply  a  correction  for  the  amount  used.  In  running  this  blank 
sugar  free  from  nitrogen  must  be  added  to  reduce  most  of  the  persulfate; 
otherwise  some  of  the  ammonium  will  be  oxidized. 

It  is  very  essential  that  there  be  no  water  present  during  the  oxida- 
tion of  the  organic  matter  by  the  persulfate,  since  in  the  presence  of  water 
some  of  the  ammonia  is  oxidized. 

A  very  large  excess  of  persulfate  gives  low  results. 

A  number  of  organic  substances  were  analyzed  by  this  method,  the  re- 
sults being  shown  in  the  preceding  table.  Some  of  these  substances  which 
were  not  absolutely  pure  or  of  uncertain  composition,  were  analyzed  by 
the  official  Kjeldahl  method  (Bxpts.  12  to  37),  and  the  results  are  com- 
pared. Ten  cc.  of  approximately  0.6  N  hypobromite  solution  was  added 
in  nearly  every  case.  The  thiosulfate  was  standardized  against  pure 
potassium  dichromate. 

Some  preliminary  experiments  indicate  that  this  method  can  be  used 
for  the  determination  of  nitrogen  in  coal,  but  this  work  has  not  been  com- 
pleted. 

Summary. 

1.  The  Kjeldahl  method  of  determining  nitrogen  can  be  made  more 
rapid  by  adding  potassium  persulfate  to  the  charred  solution  of  organic 
matter  in  cone,  sulfuric  acid,  complete  oxidation  occurring  very  quickly. 

2.  The  ammonium  salt  formed  may  be  accurately  and  quickly  deter- 
mined by  adding  to  the  neutralized  solution  an  excess  of  standard  hypo- 
bromite, and  determining  the  excess  by  adding  iodide  and  acid,  and  titra- 
ting the  liberated  iodine  with  thiosulfate. 

Ann  Arbob,  Michigan. 


[Contribution  prom  thb  Chbmtcai,  Laboratory  of  the  University  of  Cali- 
fornia.] 

OXIDATION  OF  THE  GRIGNARD  REAGENT. 

By  C.  W.  Portbr  and  Carolyn  Stbsl. 

Reeehred  Sept.  22,  1920. 

If  the  general  reactions  of  organic  chemistry  were  named  in  the  order 
of  their  importance  from  the  standpoint  of  synthetic  work  the  Grignard 
reaction  would  be  one  of  the  first  on  the  list.  Although  only  20  years 
have  passed  since  Grignard's  discovery  was  announced  there  have  appeared 
more  than  500  papers  devoted  to  applications  of  this  reaction. 

The  formation  of  phenols  through  the  oxidation  of  aryi  magnesium 

halides  mentioned  by  Bodroux1  and  Wuyts*  seemed  to  us  worthy  of  fur- 

1  Bodroux,  Bull.  soc.  chitn.,  [3]  3*i  33  (1904). 
•  Wuyts,  Compt.  rend.,  148, 930  (1909). 
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ther  investigation,  and  the  work  reported  in  this  paper  was  undertaken 
to  determine  the  influence  of  temperature  upon  the  yield  of  phenol  and 
the  yields  of  the  principal  by-products,  and  to  secure  some  evidence  con- 
cerning the  mechanism  of  the  reaction.  Bodroux  obtained  yields  of  phenol 
varying  between  10  and  20%,  and  Wuyts  identified  diphenyl,  diphenyl 
ether,  and  diphenyl-benzene  among  the  oxidation  products  of  phenyl- 
magnesium  bromide. 

Ether  solutions  of  the  Grignard  reagent  prepared  from  magnesium  turn- 
ings, phenyl  bromide  and  ether  were  divided  into  several  equal  portions; 
and  these  aliquot  parts  of  the  same  preparation  were  oxidized  at  different 
temperatures  simultaneously.  Each  portion  of  the  ether  solution  was 
placed  in  a  tall  glass  cylinder  in  a  thermostat  and  oxygen  freed  from 
carbon  dioxide,  dried,  and  finally  saturated  with  ether  vapor  at  the  tem- 
perature of  the  thermostat,  was  bubbled  through  the  solution  for  5  hours. 
Preliminary  experiments  indicated  that  no  increase  in  yield  of  phenol  was 
secured  by  continuing  the  process  longer  than  5  hours.  A  thermometer 
was  placed  in  the  solution  and  a  partial  control  of  the  temperature  was 
accomplished  by  regulating  the  rate  of  flow  of  the  oxygen.  Dining  the 
first  30  minutes  of  each  run  it  was  necessary  to  keep  the  liquid  surrounding 
the  cylinder  below  the  temperature  required  in  the  reaction  mixture.  As 
the  heat  of  reaction  diminished  the  temperature  of  the  bath  was  gradually 
increased.  By  this  means  the  temperature  of  the  solution  was  kept  fairly 
constant,  never  deviating  more  than  one  degree  from  the  mean.  The 
solution  acquired  a  greenish-yellow  color  as  soon  as  the  reaction  began, 
and  at  the  lower  temperatures  it  gradually  changed  to  an  orange-red. 

After  hydrolyzing  the  oxidation  product  with  ice  and  dil.  hydrochloric 
acid  the  mixture  was  analyzed.  Diphenyl  was  isolated  by  distillation 
with  steam,  then  dried  and  weighed.  The  yield  of  diphenyl  was  prac- 
tically constant  and  was  as  high  in  solutions  that  were  not  oxidized  at  all 
as  in  solutions  through  which  oxygen  had  been  passed  for  several  hours. 
This  indicates  clearly  that  the  formation  of  diphenyl  is  due  exclusively 
to  the  direct  action  of  magnesium  on  the  phenyl  bromide  (Fittig's  syn- 
thesis). 

Phenol  was  estimated  in  the  distillate  and  in  the  residue  by  titration. 
Measured  volumes  of  standard  potassium  bromate  and  bromide  were  added 
to  the  acidified  phenol  solutions  to  precipitate  tribromphenol.  After 
adding  an  excess  of  potassium  iodide  the  mixture  was  refluxed  at  50  °  for 
15  minutes,  then  titrated  with  sodium  thiosulfate.  As  indicated  in  the 
following  tables  the  optimum  temperature  for  the  formation  of  phenol 
is  o°.  The  calculations  are  based  upon  the  yields  that  would  have  been 
obtained  if  the  Grignard  reagent  used  had  been  quantitatively  converted 
into  phenol  or  into  diphenyl. 
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Table  I. — Oxidation  Results. 


Temp.  7 

•to  9°. 

C«H*OH. 

CtH*C«H*. 

19.7 

95 

18.9 

II. 4 

19.8 

75 

20.8 

IO. I 

20.2 

99 

194 

9.3 

Average,  19.8 

96 

Temp. 

20*. 

C«H»OH. 

%. 

CiHiCtH*. 

16.6 

12.7 

19. 1 

IO.7 

20.3 

8.6 

19.0 

10.5 

20.1 

10.6 

Average,  19.1 

10.6 

Temp.  0°. 


C«H.OH. 

%. 

COIsC«Ht. 

%. 

24.O 



243 

II. 7 



11. 3 

23.O 

11 .1 

21.4 

95 

22.9 

10.9 

21.8 

11. 3 

22.9 

10.9 

Temp.  32#. 

C«H»OH. 

%. 

C«HiC«H». 

%. 

16.6 

IO.5 

17. 1 

12.2 

16.8 

IO.6 

18.O 

9-4 

170 

IO.9 

16.8 


10.7 


As  ordinarily  prepared  the  Grignard  reagent  is  protected  from  atmos- 
pheric oxygen  only  by  ether  vapor  in  the  reflux  condenser.  That  such 
protection  is  inadequate  is  shown  by  the  presence  of  phenol  in  freshly 
prepared  samples  of  the  reagent.  Five  preparations  of  phenyl-magnesium 
bromide  through  which  oxygen  had  not  been  passed  gave  the  following 
yields: 

C1H1C1H1 

8.4 
IO.I 
IO.9 

93 
IO.7 


C*H»OH. 
%. 

3.0 

2.4 

32 

2  .O 

3  4 

2.8 


9.9 


.  When  evaporated  or  distilled  with  steam  the  yellow  ether  extract  of  the 
hydrolyzed  product  yields  a  tar.  This  was  isolated  and  distilled  under 
reduced  pressure.  The  major  part  of  the  distillate  that  boiled  between 
230 °  and  258  °,  at  3  mm.  pressure  crystallized  in  colorless  needles  con- 
sisting of  ^-diphenyl-benzene,  CeHsCeHiCeHs  (m.  p.  205  °).  The  quantity 
of  the  tar  varied  between  V10  and  4/io  of  the  weight  of  the  phenyl  groups 
in  the  reagent.  From  this  tar  was  isolated  also,  quinone  and  £-£'-dihy- 
droxy-diphenyl  in  quantities  sufficient  to  enable  us  to  identify  them  by 
melting  points  and  qualitative  tests. 

It  is  a  generally  accepted  principle  that  in  the  process  of  oxidation  by 
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air  or  gaseous  oxygen  at  ordinary  temperatures  a  peroxide  is  the  first 
product.  A  molecule  rather  than  a  single  atom  of  oxygen  takes  part  in 
the  reaction.  The  peroxide  may  be  stable  or  it  may  have  only  a  transitory 
existence.  If  it  constitutes  only  an  unstable  intermediate  product  half 
of  the  oxygen  is  liberated  in  the  so-called  active  or  nascent  state.  Now, 
the  formation  of  quinone  in  the  oxidation  of  phenyl-magnesium  bromide 
indicated  the  presence  of  active  oxygen,  for  neither  phenol  nor  phenyl 
bromide  is  oxidized  to  quinone  by  the  air  alone.  Furthermore,  when  tri- 
phenyl-methyl-magnesium  bromide  is  oxidized  by  air  the  stable,  insoluble 
triphenyl-methyl  peroxide  is  precipitated.1  We  assume  therefore,  that 
phenol  is  produced  as  indicated  in  the  following  equations: 

C«H6MgBr  +  O2  — >  CftOOMgBr.  (1) 

C«H*OOMgBr  +  QHJVfgBr  — >  2C«H*OMgBr.  (2) 

QtffcOMgBr  +  H20  — >  CH5OH  +  MgBrOH  (3) 

/>-Dihydroxy-diphenyl  and  diphenyl  ether  are  formed  by  a  reaction  be- 
tween the  products  of  Equations  1  and  2  and  subsequent  rearrangement 
or  decomposition  of  the  unstable  peroxide. 

C«H*OOMgBr  +  QftOMgBr  — >  C«H*OOC«H6  +  (MgBr),0  (4) 
.       C«H*OOC«H«  — >  HOCH4CH4OH  (5) 

CeH6OOC«H6  — >  C«H60C«H6  +  O  (6) 

Quinone  appears  as  an  oxidation  product  of  the  peroxide  by  the  atomic 
oxygen  released  as  indicated  in  Equation  6. 

Assuming  that  some  phenyl  peroxide  was  formed  as  indicated  above 
and  that  Equations  5  and  6  represent  relatively  slow  reactions  we  hydro- 
lyzed  3  samples  in  the  presence  of  zinc  filings  and  hydrochloric  acid  to 
reduce  the  peroxide  to  phenol.  The  average  yield  of  phenol  in  the  3 
experiments  was  24.7%.  The  average  for  unreduced  runs  at  the  same 
temperature  was  22.9%.  When  sulfur  instead  of  oxygen  is  used  phenyl 
disulfide  appears  as  one  of  the  principal  products.  Taboury,2  however, 
concluded  that  the  disulfide  is  formed  chiefly  through  oxidization  of  thio- 
phenol,  for  when  the  reaction  was  carried  out  in  an  atmosphere  of  hydrogen 
less  of  the  disulfide  and  more  thiophenol  appeared  among  the  products 
formed. 

Summary. 

The  optimum  temperature  for  the  production  of  phenol  by  oxidation 

of  the  Grignard  reagent  is  about  o°.    The  production  of  diphenyl  is  nearly 

constant  and  is  due  to  a  side  reaction  in  the  formation  of  the  Grignard 

reagent. 

The  presence  of  quinone  and  p-p'-dihydroxy-diphenyl  among  the  oxida- 

1  Schmidlin.  Ber.,  39,  631,  4184  (1906). 

*  Taboury,  Bull.  soc.  chitn.,  [3]  29,  761  (1903);  ibid.,  31,  1183  (1904). 
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tion  products,  the  increase  in  yield  of  phenol  when  hydrolyzed  in  the  pres- 
ence of  a  reducing  agent  and  the  precipitation  of  triphenyl-methyl  per- 
oxide when  triphenyl-methyl-magnesium  bromide  is  oxidized,  suggests  the 
formation  of  phenyl  peroxide  as  an  intermediate  product 

BsKKVurr,  Cauv. 


[Contribution  of  thb  Mulford  Biological  Laboratories.] 

ANTIBODY  STUDIES— PART  3.    A  PRELIMINARY  REPORT  ON 
THE  CHEMICAL  NATURE  OF  BACTERIAL  ANTIBODIES.1 

By  P.  M.  Huntoon,  P.  Masucci,  and  Bdith  Hannum. 

Received  September  28,  1920. 

I.  Introductory. 

This  paper  deals  merely  with  certain  chemical  facts  concerning  bac- 
terial antibodies.  A  complete  discussion  of  the  antigen-antibody  reac- 
tion will  be  published  at  a  later  date. 

Immediately  following  the  signing  of  the  Armistice,  a  large  supply  of 
anti-pneumococcic  serum  became  available.  Experiments  were  under- 
taken to  devise  methods  for  extracting  or  isolating  the  protective  anti- 
bodies from  such  serums  as  free  from  other  serum  constituents  as  possible. 

The  application  of  the  principle  of  bacterial  sensitization  was  utilized. 
Pneumococcus  antigen  variously  treated  wfw  immersed  in  its  specific 
serum  and  after  allowing  the  antibodies  to  combine  with  the  antigen  or 
better,  perhaps,  after  the  antibodies  were  adsorbed  by  the  antigen,  the 
mixture  was  centrifuged.  The  sediment  consisting  of  the  highly  sen- 
sitized bacteria  was  then  treated  with  various  reagents  in  order  to  split 
off  the  protective  antibodies  from  the  antigen.  The  resultant  solution 
was  candle  filtered  and  its  antibody  content  determined  by  protection 
tests  on  mice  according  to  the  U.  S.  Hygienic  Lab.  method  for  testing 
anti-pneumococcic  serum.2 

The  filtered  solution  was  almost  as  clear  as  water,  very  rarely  showing 
any  opal-escense.  A  typical  proximate  chemical  analysis  of  such  extracts 
as  well  as  their  content  of  antibodies  shown  by  protection  tests  is  given  in 
Tables  I  and  II,  respectively. 

1  Presented  by  P.  Masucci  before  the  Division  of  Biological  Chemistry  at  the 
Chicago  Meeting  of  the  American  Chemical  Society,  September  6-10,  1920. 

*  The  protection  test  is  carried  out  as  follows.  For  each  serum  or  extract  tested, 
3  white  mice,  approximately  18  g.  in  weight  are  injected  with  as  cc  of  serum,  followed 
within  less  than  5  minutes  by  o.  1  cc.  or  less  of  culture.  Both  injections  are  made  intra- 
peritoneally.  Similar  injections  are  made  at  the  same  time  with  the  Hygienic  Labora- 
tory Control  Serum  on  6  mice,  3  of  which  are  injected  at  the  beginning  of  the  test, 
and  3  at  the  end. 

The  mice  are  observed  for  96  hours,  and  mice  living  over  96  hours  are  taken  as 
survivals  (S).  Those  dying  before  96  hours  are  marked  with  the  number  of  hours  they 
lived.     (See  Table  II.) 
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~Tablb  I. — The  Chemical  Composition  op  Anti-Pn*umococcic  Antibody  Solution. 

Protein  Color  Reactions. 
Biuret  Negative 

Xanthoproteic  Negative 

Adamkiewicz  Negative 

Ninhydrin  Negative 

Ehrlich's  Negative 

Mfflon's  Negative 

Other  Tests. 
Sulfur  Negative 

Phosphorus  Negative 

Total  nitrogen  0.035  mg.  per  cc. 

Mono-amino  acids  None 

Nitrogen  in  phosphotungstic  acid  precipitate,  0.028  mg.  per  cc. 

Tabls  II. — Protection  Tests  on  Anti-Pnbumococcic  Antibody  Solution. 
Comparative  protection  tests  are  given  on  the  original  immune  serum,  the  immune 
antibody  solution,  normal  serum,  and  normal  serum  extract. 

Protective  substance.  Amt.  of  culture  used.  Cc.  Mice. 

None 0.000,000,001  48       48 

0.000,000,01  48        48 

Immune  serum  0.2  cc 0.01  S  S 

0.1  S  18 

0.3  S  18 

Normal  serum  0.2  cc 0.01  48        48 

Immune  antibody  sol.  0.2  cc....  0.0001  S         S 

0.001  S         S 

0.01  S         S 

0.1  S         S 

Normal  antibody  sol.  o  .2  cc o .0001  48        48 

n.  Nature  of  Antibodies. 

The  chemical  nature  of  antibodies  can  only  be  definitely  determined 
by  direct  tests  on  the  pure  product.  Unfortunately,  these  substances 
occur  in  such  small  proportions  that  it  is  impossible  to  isolate  them  in 
pure  form. 

Whether  the  substances  involved  in  immunity  reactions  are  colloids  or 
not,  we  know  that  antibodies  are  closely  associated  with  proteins,  and 
that  both  are  taken  up  by  antigen  in  the  process  of  sensitization.  Thus 
other  serum  constituents  may  be  given  off  during  the  final  extraction. 

Again,  the  question  of  the  delicacy  of  the  chemical  tests  at  our  disposal, 
and  the  competence  of  any  chemical  reaction  to  detect  the  presence  of 
antibodies  as  a  chemical  entity  must  be  considered.  The  fundamental 
fact  to  be  borne  in  mind  is  that  these  substances  are  comparatively  un- 
stable and  are  easily  altered  by  strong  chemical  reagents. 

We  have  reason  to  believe  that  the  concentration  of  antibodies  in  the 
extracts  is,  at  the  least,  in  a  dilution  of  i- 100,000.  This  concentration 
could  hardly  be  detected  chemically.  It  is,  therefore,  evident  that  com- 
mon chemical  methods  are  of  very  limited  value. 
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Much  information,  however,  may  be  gained  by  indirect  chemical  and 
biological  methods  and  by  analogous  reactions  to  known  chemical  sub- 
stances. 

The  first  question  to  determine  in  such  a  complex  problem,  is  whether 
antibodies  are  similar  chemically  to  any  of  the  known  serum  proteins  or 
whether  they  are  of  a  non-protein  nature.  It  has  long  been  known  that 
antibodies  are  apparently  associated  with  certain  serum  fractions  ob- 
tained by  salting-out  methods,  and  the  impression  prevails  that  anti- 
bodies are  probably  of  a  globulin  nature.  The  salting-out  methods, 
however  useful  from  a  practical  standpoint,  are  of  little  value  in  determin- 
ing the  true  nature  of  antibodies  owing  to  the  adsorption  of  the  latter  by 
serum  proteins. 

The  most  that  can  be  stated  is  that  antibodies  are  carried  down  by 
certain  precipitates,  which  when  dissolved  show  some  of  the  character- 
istic properties  of  such  bodies. 

Landsteiner  and  Jagic,1  working  with  extracts  of  hemagglutinins,  con- 
centrated such  material  until  the  agglutinin  content  equaled  the  original 
serum,  and  found  the  albumin  content  to  be  Vsa  that  of  serum. 

Liebermann  and  Fenyvessy*  produced  concentrated  and  purified  ex- 
tracts of  immune  hemolysin.  They  obtained  no  tests  for  protein  by  the 
biuret,  sulfosalicylic  acid,  the  potassium  ferrocyanide  and  the  acetic  acid 
methods,  and  only  traces  with  the  xanthoproteic  or  Millon's  reagent. 
They  also  state  that  only  a  trace  of  sulfur  could  be  obtained  with  alkaline 
lead  solutions  and  heat. 

Kosaki*  states  that  with  his  solutions  of  hemolysin  the  sulfosalicylic 
acid  and  the  test  with  salt  and  acetic  acid  did  not  give  the  same  reactions 
as  were  obtained  with  true  proteins. 

Presumably  these  investigators  did  not  work  with  pure  solutions  of 
antibodies  as  there  is  always  present  a  certain  amount  of  impurities  de- 
rived from  the  antigen  employed.  As  we  have  already  indicated,  it  is 
extremely  doubtful  that  even  a  pure  solution  of  antibodies  could  be 
analyzed  by  the  usual  protein  reagents. 

Some  of  our  chemical  tests  on  antibody  extracts  are  given  for  the  pur- 
pose of  comparison,  and  also  to  show  that  these  tests  are  not  as  delicate 
as  the  biological  methods  for  determining  serum  proteins.  The  extracts 
tested  have  a  comparatively  small  amount  of  serum  proteins. 

The  results  shown  above  indicate  that  the  serum  protein  content  of  the 
extracts  tested  approaches  the  minimum  amount  which  can  be  detected 
with  the  chemical  reagents  at  our  disposal. 

The  immune  antibody  solution  employed  in  Table  II  was  also  used  to  de- 

1  Landsteiner  and  Jagic,  M&nch.  Klin.  Wockenschr,  18,  764  (1903). 
*  Liebermann  and  Fenyvessy,  Cent.  Bakt.  Parasitenk.,  47,  274  (1908). 
3  Kosaki,  /.  Immunol.,  3,  109  (19 18). 
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tennine  its  ability  to  produce  serum  sensitiveness.  Five  cc.  was  injected 
intraperitoneally  into  each  of  2  guinea  pigs.  After  an  incubation  period 
of  15  days,  one  guinea  pig  received  an  intravenous  injection  of  one  cc.  of 
normal  horse  serum.  This  animal  showed  a  severe  anaphylactic  reaction 
but  did  not  die.  The  second  guinea  pig  received  an  intravenous  injec- 
tion of  onecc.  of  an tipneumococcic  immune  horse  serum  and  showed  some 
symptoms  but  not  as  severe  as  the  other  animal. 

This  experiment  led  to  the  routine  testing  of  our  extracts  by  this  method. 
A  summary  and  discussion  of  the  results  will  be  introduced  at  a  later 
point. 

Our  results  showed  that  a  considerable  number  of  our  extracts  would 
produce  serum  sensitiveness  to  subsequent  injections  of  horse  serum,  and 
it  became  necessary  to  consider  the  source  of  the  proteins  producing  such 
sensitiveness.  Were  the  antibodies  responsible  or  were  other  serum  pro- 
teins  adsorbed  in  the  process  of  sensitization? 

Except  in  rare  cases,  the  calculated  possible  dilutions  of  serum  in  most 
of  our  extracts  were  too  high  to  expect  sensitization  from  this  source. 
Tests  made  on  the  fluids  employed  for  wash  purposes  failed  to  show  any 
reactions,  so  that  it  must  be  assumed  that  such  results  as  we  obtained 
were  due  to  proteins  present  with  the  antigen  until  the  final  dissociation. 
An  experiment  was  made  to  determine  whether  the  antigen  would  take 
up  such  substances  from  normal  serum.  The  nitrogen  content  of  this 
extract  was  practically  the  same  as  that  treated  with  immune  serum. 

An  attempt  was  also  made  to  determine  the  nature  of  the  antibody 
content  by  employing  in  the  sensitizing  tests  both  normal  and  immune 
serum  for  the  final  dosage.  This  was  a  total  failure,  for  no  consistent 
differences  appeared  between  the  response  to  normal  and  immune  serum. 
It  must  be  acknowledged  that  these  tests  have  failed  to  demonstrate 
in  one  way  or  another  the  question  of  the  protein  nature  of  antibodies, 
but  have  shown  that  with  the  technique  employed  for  sensitization,  wash- 
ing and  dissociation  ,  that  a  certain  amount  of  serum  protein  remains  in 
solution,  in  sufficient  amount  to  sensitize  a  certain  proportion  of  guinea 
pigs  to  horse  serum.  By  continued  purifications  and  final  concentration 
of  such  antibody  extracts,  we  hope  to  determine  definitely  whether  highly 
potent  solutions  may  be  obtained  free  from  serum  proteins  which  will 
sensitize  guinea  pigs  to  subsequent  injection  of  serum. 

m.  Experimental. 
The  fact  that  direct  chemical  tests  are  yet  not  available  to  determine 
the  chemical  nature  of  antibodies,  and  that  it  is  doubtful  whether  solu- 
tions can  be  prepared  totally  free  from  all  other  serum  constituents  and 
extractive  substances  derived  from  the  antigen  used,  necessitates  the 
application  of  indirect  physical,  chemical  and  biological  methods  in  order 
to  throw  some  light  on  the  problem. 
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In  order  to  determine  whether  a  solution  of  antibodies  is  colloidal  it 
may  be  tested  by  dialysis,  diffusion  or  ultra-filtration.  Of  the  3,  the 
simplest  one,  at  our  disposal  is  dialysis.  Although  this  method  gives 
purely  qualitative  results,  it  gives,  however,  an  indication  of  the  size  of 
the  particle  involved,  in  other  words,  it  tells  us  whether  or  not  the  sub- 
stance is  colloidal  in  nature. 

Kosaki1  had  not  been  able  to  dialyze  solutions  of  hemolysin.  Some  pre- 
vious work  by  one  of  the  authors  indicated  that  agglutinins  were  not 
dialyzable.  Using  a  parchment  bag  as  a  dialyzing  medium,  we  were  able 
to  dialyze  a  protective  antibody  solution  over  a  considerable  period  of 
time  without  much  loss. 

In  another  experiment  in  which  larger  quantities  were  employed  there 
was  apparently  some  loss  but  when  the  precipitate  which  formed  during 
the  process  was  removed  and  dissolved,  it  was  found  that  a  portion  of  the 
antibody  content  had  gone  with  the  precipitate  in  sufficient  amount  to 
account  for  the  loss. 

The  formation  of  this  precipitate  during  dialysis  is  a  constant  factor 
being  more  marked  when  salt  solution  and  sodium  bicarbonate  are  U9ed 
for  dissociation  instead  of  distilled  water. 

It  can  be  stated,  however,  that  protective  antibodies  will  remain  in 
solution  when  the  sodium  chloride  content  is  V1000  that  of  physiological 
salt  solution  and  that  little  or  none  is  lost  through  dialysis. 

Assuming  that  these  antibodies  have  not  been  adsorbed  by  protein 
impurities  present,  an  assumption  which  is  probable,  these  experiments 
point  to  the  conclusion  that  antibodies  have  a  large  molecule,  ranging 
from  0.1  micron  to  1  micron.  In  other  words,  we  are  dealing  with  col- 
loidal solutions.  Evidence  that  this  colloidal  behavior  is  not  due  to  the 
protein  impurities  present  but  to  the  antibodies  themselves  is  very  strong. 
During  dialysis,  as  already  noted,  a  great  deal  of  the  proteins  present  is  pre- 
cipitated out  of  solution,  leaving  behind  the  bulk  of  the  antibodies.  Were 
the  antibodies  combined  with  these  proteins,  we  should  expect  to  find  them 
largely  in  the  precipitate,  which  is  not  the  case.  We  are,  therefore,  forced 
to  admit  that  antibodies  do  not  dialyze  on  account  of  the  large  size  of 
their  molecule. 

Dialysis  experiments  indicate  that  antibodies  are  of  a  complex  nature 
composed  of  large  molecules.  Assuming  that  they  are  protein  in  nature 
and  approaching  in  chemical  composition  globulins,  we  should  expect,  on 
digesting  with  trypsin,  the  breaking  down  of  the  complex  molecule  into 
its  individual  amino  acids,  with  consequent  destruction  of  the  antibodies 
as  shown  by  protection  tests. 

Experiments  were  carried  out  to  demonstrate  this.  As  shown  in  Table 
III,  an  excess  of  trypsin  failed  to  show  any  reduction  in  antibody  con- 
1  Kosaki,  /.  Immunol.,  3,  109  (1918). 
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tent.  We  made  sure  that  the  trypsin  was  active  by  running  suitable 
controls  on  casein.  When  the  acid-alcohol  precipitating  agent  was  added 
to  tubes,  there  was  hardly  any  precipitate  in  any  of  the  tubes  containing 
trypsin  as  compared  with  the  control.  The  enzyme  had  apparently 
digested  the  serum  proteins  present,  but  had  not  attacked  the  antibodies* 

Tabi*3  III.— Showing  Effect  of  Trypsin  on  Protective  Antibody  Extract. 

A.  Protective  antibody  extract  plus  0.2%  of  1/1000  solution  trypsin. 

B.  Protective  antibody  extract  (control). 

C.  0.2%  of  1  / 1000  solution  trypsin  (trypsin  control). 
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Besides  shedding  light  on  the  nature  of  antibodies,  these  experiments 
reveal  the  rather  remarkable  resistance  that  such  an  extract  offers  to  the 
deteriorating  influence  of  a  temperature  of  37.5  °  and  such  an  active 
enzyme  as  trypsin. 

The  fact  that  trypsin  fails  to  digest  antibodies  is  very  significant.  We 
are  either  dealing  with  a  non-protein  substance  which  cannot  be  broken 
into  tri-  di-  and  mono-peptides  and  ultimately  amino  adds,  or  if  we  are 
dealing  with  a  protein  substance  its  composition  is  such  that  trypsin  does 
not  attack  it.  The  ability  to  be  digested  by  the  enzyme  trypsin  depends 
of  course,  on  the  several  properties  of  the  molecule.  As  is  well  known, 
peptides  having  the  carboxyl-amino  linkages  (NH  —  CO)  are  not  split 
by  trypsin.  Again,  Dakin  found  that  casein  and  other  proteins  which 
have  been  racemized  by  dil.  alkali  are   no  longer  digested  by  trypsin. 
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We  have,  therefore,  these  2  facts  to  work  upon.  As  this  is  merely  a  pre- 
liminary report  on  the  chemical  nature  of  antibodies,  further  work  is 
being  done  to  determine  more  definitely  whether  we  are  dealing  with  a 
complex  peptide  containing  the  carboxyl-amind  group  or  whether  the 
antibodies  have  been  racemized  by  dil.  alkali,  which  in  either  case  resists 
the  action  of  trypsin. 

Experiments  were  undertaken  to  determine  the  effect  of  weak  bases 
and  adds  on  antibodies.  It  was  found  that  0.5%  sodium  hydrogen  car- 
bonate solution  did  not  injure  them,  but  facilitated  filtration  due,  perhaps, 
to  the  reversal  of  the  electrical  charge. 

The  addition  of  acetic  acid  produced  a  slight  precipitate,  but  as  shown 
in  Table  IV,  no  great  injury  took  place,  although  a  certain  amount  of 
the  antibodies  was  adsorbed  by  the  precipitate  formed. 

Table  IV. — Showing  thb  Epfbct  op  Acbtic  Acid  on  Protbcttvb  Antibody 

Solution. 

The  precipitate  obtained  by  adding  1  %  glacial  acetic  to  the  solution  was  dissolved 
in  the  proper  amount  of  physiological  salt  solution  and  designated  A. 

The  supernatant  liquid  after  neutralization  with  NaOH  was  designated  B. 

Protective  Tests. 
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By  means  of  protection  tests  it  was  likewise  found  that  a  30%  solution 
of  sodium  chloride  did  not  destroy  antibodies,  and  that  ether  does  not 
dissolve  them. 

IV.  Summary. 

1.  The  antibody  molecules  are  of  large  size,  not  being  dialyzable  indi- 
cating the  colloidal  nature  of  the  substance. 

2.  Antibodies  are  not  affected  by  trypsin  over  considerable  periods, 
indicating  either  that  they  are  not  protein  in  nature,  or  have  been  racem- 
ized by  the  dil.  alkali  used,  or  belong  to  the  peptide  group  having  a  car- 
boxyl-amino  linkage. 

3.  Antibodies  are  not  precipitated  by  solutions  containing  little  or  no 
electrolyte  content,  indicating  that  they  are  not  of  a  globulin  nature. 


Digitized  by 


Google 


KfcYPtOCYANiNSS.  266 1 

4.  Antibodies  are  not  soluble  in  ether. 

5.  Antibodies  are  not  precipitated  nor  affected  by  a  short  exposure  to 
30%  sodium  chloride  solution. 

6.  Antibodies  are  not  injured  by  certain  dil.  alkalies  or  acids.       * 

7.  Antibodies  are  not  affected  by  temperature  up  to  60  °.  Higher  tem- 
peratures progressively  destroy  or  alter  their  nature. 

We  may  state,  therefore,  that  antibodies  do  not  belong  to  that  group 
of  proteins  usually  considered  under  the  head  of  serum  proteins. 

It  is  felt  that  in  the  present  state  of  knowledge  of  protein  chemistry 
the  negative  information  such  as  we  have  obtained  by  indirect  methods 
is  of  value  in  narrowing  the  possible  field  of  investigation. 

Gl*nou>sn,  Pa. 


[forty-sbvknth  contribution  from  the  color  laboratory  of  the  bureau  of 

Chemistry.] 

KRYPTOCYANINES.    A  NEW  SERIES  OF  PHOTOSENSITIZING 

DYES. 

By  Elliot  Q.  Adams  and  Herbert  L.  Haller. 

Received  September  23,  1920. 

The  alkyl  halides  (or  other  quaternary  addition  compounds)  of  lep- 
idine  of  sufficient  purity  give,  when  treated  with  alcoholic  alkalies  in  hot, 
concentrated  solution,  dyes  of  the  isocyanine  type.1  When  the  reaction 
is  carried  on  in  very  dilute  solution,  if  the  radical  attached  to  the  nitrogen 
is  tso-propyl,  or  if  the  reaction  is  carried  on  with  exclusion  of  air  and 
the  addition  of  chloroform  or  formaldehyde,  there  result  dyes  of  a  type 
not  hitherto  described,  having  an  absorption  maximum  near  7000  A, 
and  a  maximum  of  photosensitizing  action  near  7400  A.  For  these  dyes, 
prepared  with  the  aid  of  chloroform  or  formaldehyde2  we  have  adopted 
the  name  of  "kryptocyanines." 

The  structure  of  these  dyes  has  not  been  established,  but  a  comparison 
of  the  6  types  of  dyes  of  the  cyanine  series  (see  Table  I  and  Fig.  1)  sug- 
gests that  the  kryptocyanines  and  hypocyanines2  are  related  to  the  di- 
cyanines  as  the  pinacyanols  and  cyanines,  respectively,  are  to  the  iso- 
cyanines.  Since  the  structure  of  both  pinacyanols  and  dicyanines  is  still 
uncertain  this  does  not  determine  the  structure  of  the  kryptocyanines, 
but  the  suggestion  is  made  that  they  result  from  abimolecular  4,5'- 
condensation. 

1  E.  Q.  Adams  and  H.  L.  Haller,  This  Journal,  43  2389-91(1920). 

1  Since  we  have  not  yet  established  their  identity  with  the  dyes  of  similar  properties 
formed  without  formaldehyde,  etc.,  we  shall  provisionally  refer  to  these  latter  as  "hypo- 
cyanines." 
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ELLIOT  Q.  ADAMS  AND  HERBERT  L.   HALLER. 
Table  I.  • 
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•  W.  F.  Meggers  and  F.  J.  Stimson,  /.  Opt.  Soc.  Am.  Pub.,  4,  91-104  (1920);  P.  W. 
Merrill,  Astron.  Soc.  Pac.,  32,  (185)  frontispiece  and  p.  69. 
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Hypocyanine  (?) 
Fig.  1.  Kryptocyanine  (??) 

Preparation  of  Kryptocyanine  from  Lepidine  Ethiodide  and  Formal- 
dehyde (K  III). — A  solution  of  5.98  g.  of  lepidine  ethiodide  (0.02  mol) 
in  100  cc.  of  95%  ethyl  alcohol  is  heated  to  boiling  under  a  reflux  con- 
denser in  a  300-cc.  round-bottom  flask.  After  all  the  air  in  the  flask  has 
been  displaced  by  alcohol  vapor,  a  freshly  prepared  mixture  of  20  cc.  of 
0.5  N  sodium  ethylate  (0.01  mol)  and  one  cc.  of  40%  formaldehyde  solu- 
tion is  slowly  added  through  the  condenser.  The  addition  of  the  alkali- 
formaldehyde  mixture  should  require  about  20  minutes.  Boiling  is  con- 
tinued for  10  minutes  after  all  the  formaldehyde-alkali  mixture  has  been 
added,  the  flask  stoppered  while  hot,  and  allowed  to  cool  slowly.  A  slimy 
mass  separates,  which  is  filtered  off  by  suction,  washed  with  ice-cold 
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80%  ethyl  alcohol,  alcohol-ether,  and  finally  with  ether  alone.  The  yield 
is  about  0.43  g.  of  a  purplish-black  crystalline  powder.  The  mother  liquor 
on  standing  yields  a  further  crop  of  dye. 

We  have  prepared  kryptocyanines  also  from  tolulepidine  ethiodide 
(with  formaldehyde);  from  lepidine  methiodide  (with  chloroform);  from 
tolulepidine  methiodide  (with  formaldehyde),  and  from  tolulepidine 
methnitrate  (with  formaldehyde).  The  first  2  formed  crystals  with  a 
characteristic  reflection  pleochroism;  the  latter  2  resembled  K  III  in  ap- 
pearance. In  no  case  was  the  yield  as.  great  as  with  K  III,  and  none  of 
the  other  dyes  equaled  K  III  in  sensitizing  power. 

Summary. 

1 .  A  new  type  of  photosensitizing  dye  having  an  absorption  maximum 
near  7000  A  and  a  sensitization  maximum  near  7400  A  is  described. 

2.  These  dyes  are  formed  by  the  action  of  alcoholic  alkali  and  formalde- 
hyde (or  chloroform)  on  the  alkyl  halides  (or  other  quaternary  addition 
compounds)  of  (sufficiently  pure)  lepidine  and  its  homologs. 

3.  Dyes  of  the  same  or  similar  type  are  produced  under  some  circum- 
stances in  the  absence  of  formaldehyde  or  chloroform. 

4.  Tentative  suggestions  are  made  as  to  the  structure  of  these  dyes. 

5.  The  name  "kryptocyanine"  is  suggested. 

WABHmoTOM,  D.  C. 


[Contribution  from  the  Chbmicai,  Laboratory  of  Thu  Missouri  School  of 

Minus.] 

METHYL  AMINES  FROM  METHYL  ALCOHOL  AND 
AMMONIUM  CHLORIDE.1 

By  W.  D.  Turner  and  A.  M.  Howau>. 

Received  September  30,  1920. 

It  has  been  shown  that  ammonia  can  be  methylated  with  methyl  alco- 
hol2 by  heating  in  an  autoclave  with  zinc  chloride  as  a  dehydrator.  The 
object  of  the  present  work  was  to  determine  the  conditions  .of  time,  tem- 
perature, proportion  of  reagents,  etc.,  best  suited  for  the  preparation  of 
methyl  amines  by  this  reaction,  and  the  relative  importance  of  each  factor. 
Experimental  Procedure. 

Glass  bombs  were  tried  as  a  container  but  they  failed  through  lack  of 
tensile  strength  and  through  attack  by  the  bases.  We  eventually  found 
steel  bombs  of  extra  heavy  io-mm.  pipe  welded  at  one  end  and 
closed  at  the  other  with  copper  gasket  and  steel  cap  to  be  quite  satisfac- 
tory. The  bombs  were  weighed  before  and  after  charging,  then  after 
heating.  In  this  way  the  loss  on  heating  was  known  and  this  could  be 
1  An  abstract  of  a  thesis  submitted  by  A.  M.  Howald,  in  partial  fulfilment  of  the 
requirements  for  the  degree  of  Master  of  Science  at  the  Missouri  School  of  Mines  and 
Metallurgy. 

*  V.  Mertz  and  K.  Gaskioroski,  Bet.,  17,  640  (1884). 
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neglected  unless  very  large,  since  a  complete  analysis  was  made  after 
heating. 

Experiments  were  conducted  at  2180,  the  boiling  point  of  naphthaline, 
and  at  303  °,  that  of  acetanilide.  The  bombs,  charged  as  required,  were 
immersed  in  the  vapor  of  one  of  these  substances  and  thus  kept  at  con- 
stant temperature  for  definite  periods.  After  heating  the  bombs  were 
dropped  into  a  freezing  mixture,  opened,  and  the  contents  washed  into 
very  dilute  hydrochloric  acid. 

Methyl  alcohol  was  determined  as  follows.  The  solution  was  distilled, 
using  a  Hoffman  trap  until  V*  remained.  The  distillate,  made  basic 
with  sodium  hydroxide,  was  again  distilled  and  the  specific  gravity  of  this 
distillate  determined  at  15  °  and  compared  with  standard  tables. 

Methyl  amines  and  ammonia  were  determined  as  follows.  To  the  or- 
iginal flask  containing  an  acid  solution  of  the  bases  a  solution  of  sodium 
hydroxide  was  added  in  excess  through  a  dropping  funnel  and  the  bases 
distilled  into  standard  hydrochloric  acid.  After  diluting  to  definite  vol- 
ume, an  aliquot  part  of  this  distillate  was  titrated  with  standard  sodium 
hydroxide  solution,  thus  giving  a  basis  for  calculating  the  total  amount 
of  bases  present  and  incidentally  avoiding  the  contamination  of  the  bulk 
of  the  sample  with  sodium  chloride. 

The  3  methyl  bases  and  ammonia  present  in  the  bulk  of  the  solution 
as  their  hydrochlorides  were  separated  and  estimated  by  the  method  of 
Berthreume,1  the  principles  of  which  are  briefly  as  foHows:  The  mixed 
hydrochlorides  evaporated  and  dried  in  a  vacuum  are  extracted  with  pure 
dry  chloroform,  thus  dissolving  the  di-  and  tri-amines  and  leaving  mono- 
methylamine  and  ammonia.  The  trimethylamine  is  separated  from  the 
di-  by  precipitating  it  as  the  tri-iodide  and  ammonia  is  separated  from  the 
monomethyl  amine  by  precipitating  it  with  yellow  mercuric  oxide  in  basic 
solution. 

Results. 

Ten  experiments  were  performed  with  results  as  shown  in  Table  I. 

Table  I. 
Ratio  of  Mols.     NH»  =  1 . 


Sxpt. 

Time 
hrs. 

Temp. 

•c. 

NCHiH,. 

N(CHs),H. 

N(CHi)i. 

CHtOH. 

ZaCb. 

1 .  . 

•    24 

2l8 

0.0154 

nil. 

nil. 

2.97 

O.OO 

2.  . 

..    60 

218 

0.0290 

nil. 

nil. 

3  05 

O.OO 

3.. 

2 

218 

0.0792 

0.0064 

nil. 

2.30 

I.50 

4.., 

••     5 

218 

0.055 

0.012 

nil. 

2.17 

O.OO 

5-- 

..     5 

218 

0.325 

0.008 

nil. 

0.49 

I   50 

6.. 

••     5 

218 

0.432 

0.045 

0.007 

5.U 

I    50 

7... 

••     5 

303 

0.689 

0.069 

0.023 

IO.15 

I.50 

8.. 

..     5 

303 

0.098 

0.015 

nil. 

14.04 

O.OO 

9 ... 

•  •      5 

303 

0.227 

0.021 

0.0034 

13  57 

0.75 

10. . , 

..      8 

303 

1.078 

0.162 

0.026 

12.0 

1   50 

1  Berthreume, 

Compt. 

rend.,  150, 

1251  (1910). 
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In  the  first  3  experiments  where  ammonia  was  used  much  lower  yields 
were  obtained  than  in  the  last  7  similar  experiments  in  which  ammonium 
chloride  was  used. 

Summary. 

Methyl  amines  are  formed  only  in  traces  when  ammonia  or  ammonium 
chloride  and  methyl  alcohol  are  heated  without  a  dehydrator  to  as  high 
as  303  °. 

Using  zinc  chloride  as  a  dehydrator  good  yields  of  mono-  and  di-methyl- 
amines  can  be  obtained.  For  example,  in  8  hours  at  303  °  (Expt.  10) 
yields  were  obtained  as  follows:  monomethyl  amine,  55%;  dimethyl- 
amine,  7.5%;  and  trimethylamine,  i.86%,  of  the  ammonium  chloride 
used. 

The  yields  increase  with  the  amount  of  zinc  chloride  used,  with  increase 
in  temperature,  with  increase  in  time  of  heating  and  with  increase  in 
ratio  of  methyl  alcohol  to  ammonia. 

In  all  cases  where  zinc  chloride  was  used  hydrogen  was  liberated  due  to 
the  hydrolysis  of  the  zinc  chloride  and  consequent  attack  of  the  iron 
bomb  by  the  hydrochloric  acid  formed.  It  was  for  this  reason  that  no 
experiments  could  be  carried  to  equilibrium. 

Rolla,  Missouri. 


[Contribution  from  the  Havemeyer  Chemical  Laboratory,  New  York  Uni- 
versity.] 

THE  DECOMPOSITION  OF  NITRIC  ACID  IN  ORGANIC 
NITRATIONS. 

By  F.  O.  Rice. 

Received  October  5,  1920. 

The  decomposition  of  nitric  acid  in  organic  nitrations  is  a  matter  of 
some  industrial  importance  because  there  is  usually  considerable  reduc- 
tion of  nitric  acid  to  oxides  of  nitrogen  and  if  much  nitrous  oxide  or  nitro- 
gen is  formed  there  would  be  a  serious  loss  of  nitric  acid.  Nitric  oxide 
and  higher  oxides  can  be  reconverted  into  nitric  acid  by  suitable  condens- 
ing towers  and  returned  to  the  system. 

Some  investigations1  on  the  solution  of  metals  in  nitric  acid  have 
shown  that  at  ordinary  temperatures  large  amounts  of  nitrous  oxide  were 
present  in  the  gases  evolved.  In  many  cases  the  metallic  nitrate  catalyzed 
the  reduction  of  the  acid  to  nitric  oxide  so  that  near  the  end  of  the  reaction 
when  there  was  much  of  the  metal  in  solution  almost  pure  nitrous  oxide 
was  obtained. 

It  seemed  possible,  therefore,  that  a  similar  reduction  of  nitric  acid  to 

nitrous  oxide  or  nitrogen  might  take  place  in  organic  reactions.    The 

1  Acworth,  /.  Chem.  Soc.t  28,  828  (1875);  Acworth  and  Armstrong,  ibid.,  32,  54 

(1877);  Freer  and  Higley,  Am.  Chem.  J.,  15,  71  (1893);  Higley,  ibid.,  17,  18  (1895); 

Higley  and  Davis,  ibid.,  18,  587  (1896). 
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process  selected  for. investigation  was  the  nitration  of  phenol  to  trinitro- 
phenol.  The  original  experiments  were  carried  out  on  a  technical  scale  at 
one  of  H.  M.  Factories,  England,  but  the  results  obtained  there  have 
since  been  checked  and  extended  by  laboratory  scale  experiments.  The 
most  difficult  part  of  the  work  was  in  devising  a  fairly  rapid  method 
of  analysis  of  the  complex  gas  mixture  from  the  nitrating  vessel,  since 
it  changed  in  composition  as  the  reaction  proceeded,  and  the  presence  of 
nitrous  oxide  made  it  necessary  to  carry  out  the  analysis  in  mercury 
absorption  pipets.  In  one  of  the  early  experiments  to  determine  the 
composition  of  the  gas  mixture  200  cc.  of  the  gas  was  treated  with  potash 
to  remove  higher  oxides  of  nitrogen  and  carbon  dioxide.  A  considerable 
amount  of  nitric  oxide  was  found  to  be  present  and  this  was  removed  by 
shaking  with  strong  dichromate  solution.  There  still  remained  about  60 
cc.  of  gas.  When  this  was  passed  over  a  hot  platinum  spiral  a  violent 
explosion  occurred,  the  gas  expanded  and  both  oxygen  and  carbon  dioxide 
appeared,  neither  of  which  was  present  before  exploding.  This  behavior 
was  finally  traced  to  the  presence  of  carbon  monoxide  and  nitrous  oxide. 
These  2  gases  exploded  on  heating  and  the  heat  of  the  reaction  decomposed 
the  excess  of  nitrous  oxide  which  was  present,  thus  accounting  for  the 
expansion  in  volume  and  the  presence  of  oxygen. 

Preliminary  experiments  showed  that  the  following  products  were  given 
off  during  the  course  of  the  nitration:  nitric  acid  vapor,  nitrogen  peroxide 
and  trioxide,  nitric  oxide,  nitrous  oxide,  nitrogen,  carbon  monoxide  and 
carbon  dioxide. 

The  following  method  was  finally  adopted  for  analyzing  the  gases  and 
in  ordinary  working  gave  results  correct  to  about  0.5%.  The  gases  were 
first  cooled  to  condense  all  of  the  nitric  acid  vapor;  100  cc.  was  then 
drawn  into  an  ordinary  Lunge  nitrometer  over  mercury.  This  operation 
was  done  very  rapidly  to  avoid  as  far  as  possible  any  condensation  of  higher 
oxides  of  nitrogen  on  the  glass  walls  before  the  stopcock  was  closed. 
Two  cc.  of  water  was  run  into  the  nitrometer  and  shaken  to  remove  the 
higher  oxides  of  nitrogen  by  solution  to  give  nitrous  and  nitric  acids. 
The  remaining  gas  was  then  passed  into  a  water-jacketed  measuring  tube 
attached  to  a  compensating  tube,  and  the  volume  of  gas  was  noted.  The 
nitrogen  trioxide  and  peroxide  left  in  the  2  cc.  of  water  in  the  nitrometer 
were  estimated  as  nitric  oxide  in  the  usual  way  by  addition  of  cone,  sul- 
furic acid  and  shaking. 

The  gas  in  the  measuring  tube  was  analyzed  by  passing  first  into  a 
special  mercury  pipet  and  adding  2  cc.  of  cone,  potash  solution.  After 
shaking,  the  gas  was  returned  to  the  measuring  tube  and  the  decrease 
in  volume  gave  the  carbon  dioxide  present.  The  gas  was  then  returned 
to  the  pipet  over  the  2  cc.  of  potash,  and  pure  oxygen  was  added  in  excess 
of  that  required  to  oxidize  all  of  the  nitric  oxide  present.    Two  cc.  of 
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strong  pyrogallol  solution  was  then  run  into  the  pipet  to  absorb  the  excess 
oxygen,  and,  after  shaking,  the  gas  was  returned  to  the  measuring  tube. 
The  diminution  in  volume  gave  the  amount  of  nitric  oxide  present.  The 
pipet  was  then  washed  out  and  the  gas  passed  into  it.  Four  cc.  of  am- 
moniacal  cuprous  chloride  was  added,  and  after  gentle  shaking  the  gas 
was  returned  to  the  measuring  tube.  The  diminution  in  volume  gave  the 
amount  of  carbon  monoxide  present.  The  remaining  gas  consisted  of 
nitrous  oxide  and  nitrogen.  The  former  was  determined  by  shaking  with 
absolute  alcohol  and  finally  several  times  with  water.  The  decrease  in 
volume  gave  the  nitrous  oxide  and  the  residual  gas  was  nitrogen.  The 
following  is  a  typical  analysis  of  the  gas  from  an  early  part  of  the  nitration. 

Volume. 
Cc. 

NO  in  nitrometer  (NOi  and  Nid) 5  .*« 

Remaining  gas 96.3^ 

After  removal  of  COi 52 .3 

After  removal  of  NO •  40.3 

After  removal  of  CO 32 .4 

After  removal  of  NiO 13 .9 

Other  methods  of  analyzing  the  gases  were  also  used  but  could  not  be 
carried  out  as  quickly  and  conveniently  as  this  one.  They  were  used  only 
as  checks  and  will  not  be  described. 

Nitration  Process. 

In  the  usual  methods  for  preparation  of  trinitrophenol  the  phenol  is 
first  mixed  with  about  96%  sulfuric  acid  in  the  proportion  of  one  mol 
of  phenol  to  4  or  5  times  the  weight  of  acid,  and  the  mixture  is  heated  to 
about  1 00  °  for  a  few  hours  with  constant  stirring.  The  whole  of  the 
phenol  is  brought  to  the  monosulfonate  stage  and  from  50  to  80%  of  it 
goes  to  disulfonate.  The  mixture  of  sulfuric  acid  and  phenol  monosul- 
fonate and  disulfonate  is  diluted  with  about  %U  of  its  weight  of  water 
and  approximately  4  molecules  of  65%  nitric  acid  is  added,  the  addition 
taking  3  to  4  hours.  The  initial  temperature  is  about  75  °  but  the  heat 
of  reaction  brings  the  temperature  rapidly  to  1160  which  is  about  the 
b.  pt.  of  the  mixture. 

Nitrations  carried  out  by  this  method  have  been  investigated  very 
completely  both  on  the  industrial  scale  and  in  the  laboratory.  The 
method  of  conducting  the  experiments  was  as  follows.  The  fumes  given 
off  from  the  nitrating  vessel  were  first  cooled  to  condense  any  nitric  acid, 
which  was  collected  and  estimated.  The  rate  of  evolution  of  the  fumes 
was  measured  by  a  gas  flowmeter  of  the  resistance-tube  type.  At  inter- 
vals of  a  few  minutes  samples  of  the  gas  were  drawn  off  and  analyzed. 
It  was  found  that  the  composition  of  the  gases  fQllowed,  approximately, 
the  stages  at  which  the  3  nitro  groups  were  introduced,  and  the  results 
did  not  differ  greatly  in  different  experiments.     The  following  results  are 
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mean  values  expressed  as  nearest  whole  numbers  for  a  large  number  of 
experiments. 

NO*.  NO.  NiO.  N.  CO.  COi. 

%.  %.  %.  %.  %.  %. 

First  stage.          5 .0  10  20  10  10  45 

Second  stage. .   10. o  25  xo  10  8  37 

Third  stage..     21.0  28  4  8  4  35 

It  is  evident  from  the  above  figures  that  the  greatest  decomposition 
of  nitric  acid  occurs  during  the  first  part  of  the  nitration,  for  not  only 
is  the  percentage  of  nitrous  oxide  and  nitrogen  highest  but  the  rate  of 
evolution  of  gas  is  also  greatest  during  this  period. 

When  the  nitration  was  completed  the  contents  of  the  nitration  vessel 
were  allowed  to  stand  overnight,  after  which  the  picric  acid  was  filtered 
off,  centrifuged  and  weighed.  The  sulfuric  acid  present  in  the  adhering 
liquid  was  estimated  grayimetrically,  and  by  this  means  the  weight  of 
pure  picric  acid  was  obtained.  The  filtrate,  consisting  of  weak  sulfuric 
acid  with  a  little  nitric  and  nitrous  acids  was  also  weighed,  and  analyzed 
for  sulfuric  acid  (gravimetrically)  total  nitric  acid  (nitrometer)  and  oxalic 
acid,  by  neutralizing,  precipitating  with  calcium  chloride,  filtering,  and 
titrating  the  precipitate  with  standard  permanganate.  By  heating  the 
original  filtrate  (consisting  mainly  of  weak  sulfuric  acid)  with  a  little 
nitric  acid  and  cooling  thoroughly,  a  small  additional  amount  of  picric 
acid  could  usually  be  obtained.  This  was  separated  and  weighed.  The 
weak  acid  left  after  nitration  gave  the  following  analysis. 

Sulfuric  acid 45 .5% 

Nitric  and  nitrous  adds 0.5% 

(Expressed  as  HNOt) 
Oxalic  acid 1 .6% 

There  were  probably  also  small  quantities  of  other  organic  nitro  prod- 
ucts in  the  acid,  but  these  were  not  estimated.  The  following  is  the 
mean  of  10  experiments,  some  being  on  the  technical  scale  using  a  12 
kg.  charge  of  phenol  and  others  being  small  laboratory  experiments.  The 
results  are  calculated  to  a  charge  of  100  g.  of  phenol. 

It  will  be  seen  from  these  results  that  less  than  80%  of  the  phenol  is 
converted  into  picric  acid,  the  remainder  being  broken  down  into  oxalic 
acid  and  oxides  of  carbon.  Only  62%  of  the  nitric  acid  combines  with 
the  phenol  to  give  picric  acid.  10.2%  is  broken  down  to  nitrogen  per- 
oxide and  nitric  oxide,  and  22.2%  is  reduced  to  nitrous  oxide  and  nitro- 
gen, this  latter  representing  a  direct  loss  of  fixed  nitrogen  in  the  nitration. 
It  was  found  from  experiment  that  the  temperature  was  the  main  factor 
causing  the  reduction  of  nitric  acid  to  nitrous  oxide  and  nitrogen.  When 
the  temperature  was  kept  well  below  1000  during  the  early  stages  of  the 
nitration  and  then  slowly  raised  to  ioo°  until  the  nitration  was  com- 
pleted, the  evolution  of  nitrous  oxide  and  nitrogen  was  very  small  and 
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amounted  to  less  than  i%  of  the  total  nitric  acid  present.  The  nitric 
acid  was  still  decomposed  to  much  the  same  extent,  but  nitric  oxide  was 
chiefly  produced.  It  was  not  found  possible  to  prevent  decomposition 
of  the  phenol  and  even  in  the  best  experiments  20%  of  the  phenol  was 
oxidized  away  by  the  nitric  acid. 

Charge  to  the  Nitrating  Vessel. 

Phenol  HNO,  HtS04. 

100  g.  260  g.  427  g. 

HNO.. 
Nitric  acid.  G. 

Distilled  off  unchanged 7.2 

Evolved  as  NO* 9.3 

Evolved  as  NO 17.3 

Evolved  as  NiO 36 .0 

Evolved  asN 21.7 

Contained  in  187  g.  of  picric  acid  produced 154 .0 

Contained  in  second  crop  of  picric  acid  produced  (8  g.) 6.6 

Free  in  930  g.  of  weak  acid  (0.5%  HNO*) 4.6 

Combined  in  weak  acid  (not  estimated) 

Total 256 .7 

Phenol.  Phenol. 

Nitrated  to  picric  acid 76 .9 

Nitrated  to  picric  acid  (second  crop) 2.3 

Oxidized  to  oxalic  acid  (1.6%  in  weak  acid) 5.2 

Oxidized  to  CO 2 .4 

Oxidized  to  CO» 8.1 

Remaining  in  weak  sulfuric  acid  (not  estimated) 

Total 949 

Sulfuric  acid.  HtSOi. 

In  930  grams  of  weak  sulfuric  acid  (45.5%  HSOJ 422 .0 

Many  experiments  were  performed  in  which  the  various  factors,  tem- 
perature, degree  of  sulfonation,  rate  of  addition  of  acid,  strength  of  acids, 
were  altered  but  without  any  success.  In  one  experiment  in  which 
ferrous  sulfate  was  present  the  amount  of  nitrous  oxide  and  nitrogen  was 
much  greater  than  usual  and  the  yield  of  picric  acid  poor.  This  resem- 
bles the  action  of  copper  nitrate  in  causing  the  decomposition  of  nitric 
acid  and  suggests  the  possibility  that  a  catalyst  may  be  found  which  will 
have  a  positive  effect  in  nitrations. 

The  best  results  were  obtained  when  the  phenol  was  thoroughly  sul- 
fonated (i.  e.f  converted  almost  entirely  into  disulfonate)  and  the  tem- 
perature of  the  experiment  was  kept  well  below  ioo°,  especially  in  the 
initial  stages. 

In  a  few  experiments  nitration  was  effected  by  adding  a  mixture  of 
nitric  acid  and  sulfuric  acid  to  the  phenol  sulfonate-sulfuric  acid  mixture 
and  carrying  out  the  nitration  almost  at  room  temperature.  Only  nitro- 
gen peroxide  and  nitric  oxide  were  evolved  and  yields  of  picric  acid  slightly 
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over  90%  were  obtained.  Under  the  best  conditions  so  far  obtained 
almost  10%  of  the  phenol  was  oxidized  with  consequent  reduction  of  the 
nitric  acid. 

Conclusions. 

1.  A  survey  of  the  literature  showed  that  when  metals  dissolved  in 
nitric  acid,  nitrous  oxide  was  produced  as  well  as  higher  oxides  of  nitro- 
gen. In  some  cases  the  metallic  salt  acted  as  a  catalyst  in  the  production 
of  nitrous  oxide. 

2.  This  reduction  of  nitric  acid  to  nitrous  oxide  may  also  occur  in 
organic  nitrations.  In  the  nitration  of  phenol  to  trinitrophenol  by  weak 
nitric  acid  as  much  as  25%  of  the  nitric  acid  may  be  reduced  to  nitrous 
oxide  and  nitrogen.    The  presence  of  iron  salts  accelerated  this  reduction. 

3.  By  keeping  the  temperature  of  nitration  well  below  ioo°  especially 
in  the  initial  stages  the  formation  of  nitrous  oxide  and  nitrogen  may  be 
avoided,  only  higher  oxides  of  nitrogen  being  produced. 

4.  It  was  not  found  possible  to  nitrate  phenol  without  causing  some 
reduction  of  the  nitric  acid  to  oxides  of  nitrogen.  The  best  results  were 
obtained  by  sulfonating  phenol  almost  to  the  disulf onate  stage  with  96% 
sulfuric  acid  and  then  nitrating  at  low  temperatures  (30°-4o°)  with 
a  mixture  of  sulfuric  and  nitric  acid. 

N*w  York,  N.  Y. 


[Contribution  from  thb  Organic  Laboratory  op  thb  Massachusetts  Institute 

of  Technology.] 

DIMETHYL-PROPYL-CARBINOL  AND  SOME  OF  ITS 
DERIVATIVES. 

By  Andrb:  Dbschamps. 

Received  October  8,  1920. 

Introduction. 
Originally  the  object  of  this  work  was  to  carry  out  an  idea  of  M.  G.  C. 
Chavanne1  involving  the  preparation  of  trimethyl-propyl-methane.  Since 
MarkownikofTs  method  is  both  hazardous  and  expensive,  I  attempted 
to  prepare  the  compound  by  the  action  of  methyl  magnesium  iodide  upon 
methyl-2-bromo-2-pentane.*  This  reaction  also  proving  impracticable,  I 
resorted  to  the  investigation  of  dimethyl-propyl-carbinol,  which  I  had 
obtained  as  an  intermediate  product  in  the  preparation  of  the  latter 
substance. 

Preparation  of  Dimethyl-propyl-carbinol. 
This  compound  was  prepared  from  both  n-propyl  iodide  and  n-propyl 
bromide  by  the  Grignard  reaction.    The  latter  is  better  than  that  using 
ethylbutyrate  described  by  Masson.' 

1  G.  C.  Chavanne,  Professor  of  Chemistry  at  University  of  Brussels  (Belgium). 
*  Markownikoff,  Monatsh.,  34,  1965  (1913). 
1  Masson,  Compt.  rend.,  iooi,  pp.  132-484, 
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i.  From  w-Propyl  Iodide. — 19.4  g.  of  n-propyl-magnesium  iodide  was 
prepared  as  usual  and  after  cooling  to  o°,  a  mixture  of  5.8  g.  of  acetone 
scrupulously  dried,  and  an  equal  volume  of  anhydrous  ether  was  added 
drop  by  drop.  The  reaction  was  very  violent,  and  since  the  product 
was  not  entirely  soluble,  the  whole  was  allowed  to  stand  for  24  hours, 
as  advised  by  Grignard  in  such  cases.  The  next  day  the  reaction  product 
was  poured  upon  a  mixture  of  9  g.  of  powdered  ice  and  9  g.  of  glacial 
acetic  add.  After  extraction  with  ether  and  suitable  washings  the  dis- 
tillation gave  a  principal  fraction  boiling  at  no°-i32°.  The  product 
obtained  in  this  way  was  always  contaminated  by  iodine  compounds. 

2.  From  n-Propyl  Bromide. — 14.7  g.  of  n-propyl-magnesium  bromide 
and  5.8  g.  of  acetone  were  used  in  exactly  the  same  manner  as  in  the  pre- 
vious experiment.  The  course  of  the  reaction  was  identical,  except  that 
in  the  end  no  trace  of  halogen  could  be  discovered  in  the  carbinol  so  pre- 
pared.1 This  was  fractionated  in  a  Hempel  column,  and  the  fraction 
boiling  at  I2i°-i24°  was  collected.  The  boiling  point  recorded  by  Beil- 
stein  is  i22.5°-i23.5°  at  762  mm.    Yield,  50%. 

Properties  of  Dimethyl-propyl-carbinol. 

Beilstein  records  no  physical  properties  of  dimethyl-propyl-carbinol 
except  the  boiling  point.  I  found  it  a  slightly  viscous  liquid,  almost  in- 
soluble in  water,  soluble  in  alcohol  and  ether,  and  possessing  an  odor 
suggesting  freshly  peeled  bark.  It  boils  at  122.5 °-i23.5°  at  762  mm.; 
dlH  0.8350,  n1*1  1. 41 25. 

Freezing-Point  Determination. — Crystallization  was  not  effected  at 
— 20  °.  The  oarbinol  was  therefore  immersed  in  liquid  air  at  — 1930, 
whereupon  it  became  more  and  more  viscous,  and  finally  a  solid,  trans- 
parent mass,  exhibiting  no  outward  signs  of  crystalline  structure.  The 
freezing  point  was  determined  by  the  use  of  a  potentiometer  and  suitable 
thermocouples.  As  the  frozen  substance  was  allowed  to  stand  in  the  air 
a  break  in  the  curve  occurred  between — 107 °  and — 109 °.  This  can  be' 
considered  as  the  true  melting  point  of  dimethyl-propyl-carbinol,  which 
therefore  probably  possesses  a  minute  crystalline  structure. 
Methyl-2-Bromo-2-Pentane. 

The  best  results  were  obtained  when  one  mol  of  dimethyl-propyl-car- 
binol was  boiled  with  4  mols  of  hydrobromic  acid  (sp.  gr.  1.45)  for  half 
an  hour  and  then  distilled.  In  the  distillate  the  organic  bromide  forms 
a  layer  above  the  hydrobromic  acid,  but  the  behavior  of  the  meniscus 
between  the  liquids  is  peculiar  for  it  does  not  remain  horizontal  when 
the  tube  is  inclined. 

The  bromide  is  so  easily  decomposed  by  pure  water,  that  it  is  best, 
after  separating  the  layers,  to  treat  it  directly  with  calcium  chloride  and 
then  remove  the  hydrobromic  acid  by  a  current  of  air. 
1  Tested  with  metallic  sodium. 
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Subs.,  0.1000:  AgBr,  0.1140. 

Calc.  for  CeHiiBr:  Br,  48.48.     Found:  48.51. 

'  Methyl-2-bromo-2-pentane  is  not  recorded  in  Beilstein,  but  N.  Nynera1 
obtained  it  in  small  quantities  by  the  bromination  of  dimethyl-cyclopro- 
pane. He  found  the  methyl-2-bromo-2-pentane  a  mobile  liquid,  having 
a  pleasant  odor  suggestive  of  turpentine.  It  did  not  freeze  at  — 180; 
w23  1.442;  d24  1.1 17. 

Methyl-2-Chloro-2-Pentane. — One  mol  of  carbinol  was  treated  with  4 
mols  of  cone,  hydrochloric  acid  (sp.  gr.  1.20).  Butlerow  describes  this 
compound2  as  boiling  with  decomposition  at  about  ioo°.  It  was  there- 
fore distilled  under  reduced  pressure,  and  found  to  boil  at  500  to  53  ° 
under  41  mm.  pressure. 

Phenylurethane  of  Dimethyl-propyl-carbinol. — When  equivalent  quan- 
tities of  phenyl  isocyanate  and  dimethyl-propyl-carbinol  were  mixed  and 
boiled  a  few  minutes,  a  reaction  ensued  producing  a  heavy  precipitation 
of  fine  white  crystals.  These  were  insoluble  in  hot  ether,  water,  benzene, 
cyclohexane,  chloroform,  and  petroleum  ether,  and  somewhat  soluble  in 
hot  alcohol  and  acetone.  Recrystallization  from  these  2  solvents  gave 
beautiful,  long,  white  needles  melting  at  239  °. 

Subs.,  0.1075,  0.093:  N,  67.7  cc.  (28 °,  762  mm.),  57.2  cc.  (28 °,  762  mm.). 
Calc.  for  CjiHuOjN:  N,  6.33.    Found:  6.89,  6.73. 

Benzoate  of  Dimethyl-propyl-carbinol. — This  substance  was  prepared 
from  benzoyl  chloride  by  the  Schotten-Baumann  reaction8  in  pyridine 
solution.  After  dissolving  the  pyridine  hydrochloride  in  diluted  sulfuric 
acid,  the  oil  was  extracted  with  ether  and  we  obtained  on  cooling  a  white 
body  which  was  recrystallized  from  alcohol.  It  gave  beautiful,  white 
needles,  melting  at  1 82-1 83  °.    It  was  not  analyzed. 

Summary. 

1.  Dimethyl-propyl-carbinol  has  been  prepared  with  good  yields  by  2 
new  methods,  and  its  physical  and  chemical  properties  investigated. 

2.  The  following  derivatives  have  also  been  prepared  and  studied: 
(a)  methyl-2-bromo-2-pentane,  (b)  methyl-2-chloro-2-pentane,  (c)  the 
phenylurethane,  (d)  the  benzoate. 

3.  Attempts  to  prepare  trimethyl-propyl-methane  by  several  methods 
proved  unsuccessful. 

The  author  wishes  to  express  here  his  gratitude  to  Dr.  F.  J.  Moore  for 
many  helpful  suggestions. 

Cakbkxdo*  39,  Mass. 

1  Nynera,  /.  Russ.  Phys.  Chetn.  Soc,  44,  p.  178. 

2  Bull.  soc.  chitn.,  5,  40  (1866). 

*  Lassar-Cohn,   "Arbeitsmethoden  fur  organich-chemische   I^aboratorien/'    1903, 
p.  224. 
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[Contribution  from  the  Department  of  Chemistry,  Hahnemann  Medical  Col- 
lege of  Chicago.] 
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THE  INDIVroUALITY  OF  ERYTHRODEXTRIN. 

By  J.  C  Blake. 

Received  Oct.  11.  1920. 

In  19 1 61  the  author  arrived  at  the  provisional  conclusion  that  fractional 
precipitation  of  i%  solutions  of  dextrins  probably  yielded  pure  erythro- 
dextrin  as  the  portion  thrown  down  by  50  to  65%  alcohol  (by  volume). 
Later2  it  was  found  that  the  separation  from  achro-odextrin  became  in- 
complete if  the  concentration  of  the  dextrin  solution  was  greatly  increased, 
so  that  the  method  was  more  or  less  impractical.  Since  that  time  some- 
what extended  efforts  have  been  made  to  prepare  and  isolate  pure  ery- 
throdextrin  for  the  purpose  of  standardizing  amylolytic  activity  and 
facilitating  amylolytic  determinations.  Without  attempting  to  review 
all  this  work  in  detail,  it  may  be  recorded  that  such  dextrins  or  British 
gums  were  found  to  be  preferable  as  sources  of  erythrodextrin  that  give 
deep  red  colors  with  excess  of  ioctfne-water,  preceded  by  little  or  no  blue 
coloration.  If  much  of  the  blue-producing  dextrin  (amylodextrin)  is 
present  low  concentrations  of  alcohol  will  remove  it  completely  from  part 
of  the  erythrodextrin,  but  probably  half  of  the  latter  ingredient  is  lost 
in  the  precipitate.  In  dextrin  solutions  from  which  fragments  of  the 
cell  walls  have  been  removed  by  filtration  this  precipitate  takes  the  form 
of  sphero-crystals,  in  which  the  erythrodextrin  seems  to  be  present  in 
solid  solution.8 

It  was  thought  for  some  time  that  after  all  of  the  amylodextrin  had 
been  removed  from  approximately  20%  solutions  in  the  manner  just 
indicated,  all  of  the  higher  polysaccharides  had  also  been  removed.  Never- 
theless it  was  observed  in  numerous  cases  that  further  addition  of  alco- 
hol, instead  of  yielding  the  heavy  liquid  in  which  form  erythrodextrin 
subsequently  precipitates,  continued  to  yield  small  crops  of  sphero-crys- 
tals, thus  indicating  that  part  of  the  higher  polysaccharides4  was  still 
present.  This  conclusion  was  confirmed  by  examination  of  the  "erythro- 
dextrin" precipitated  by  slight  further  addition  of  alcohol.  The  heavy 
liquids  thus  precipitated  from  the  same  concentration  of  different  dex- 
trins by  the  same  precentage  of  alcohol  had  widely  varying  powers  of 
turning  red  with  iodine  and  many  of  them  became  turbid  on  standing, 
and  became  largely  insoluble  in  cold  water. 
1  This  Journal,  38,  1251  (1916). 
*Ibid.,  30,  316  (1917). 
1  Blake,  4bid.t  40,  635  (1918) 

4  The  substance  mainly  responsible  for  these  crystals  is  thought  to  be  the  same 
as  that  forming  the  cell  walls  of  raw  starch;  hence  the  name  "artificial  starch."  This 
substance  is  probably  atnylocellulose 
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In  order  to  arrive  at  any  definite  conclusion  with  regard  to  the  relative 
purity  of  the  erythrodextrin  in  such  preparations  it  was  necessary  to 
determine  their  solid  content.  Heating  to  ioo°  slowly  decomposes  the 
erythrodextrin.  Further  addition  of  alcohol  changes  the  heavy  liquid  to 
a  coherent  and  adherent  gum,  which  seemed  even  harder  to  work  with 
than  the  heavy  liquid.  Hence  4  such  liquids1  were  desiccated  over  cal- 
cium chloride,  the  resulting  solid  being  pbwdered  as  soon  as  it  became 

1  Dextrin  (British  gum)  No.  1  was  prepared  by  heating  wheat  starch  for  65  days 
at  ioo°,  except  that  the  temperature  reached  140  °  the  sixth  day.  The  amylodextrin 
and  higher  polysaccharides  were  precipitated  by  30%  alcohol  from  a  7.3%  solution 
(final  concentration).  The  erythrodextrin  was  precipitated  as  a  heavy  liquid  by  50% 
alcohol.  This  liquid  was  used  in  Table  I.  Further  addition  of  alcohol  to  the  super- 
natant liquid  gave  a  white  solid  precipitate  by  local  excess,  which  quickly  redissolved 
on  stirring  (achro-odextrin). 

Dextrin  No.  2  was  from  a  white  dextrin  kindly  furnished  for  this  purpose  by  the 
Corn  Products  Refining  Co.  Two  hundred  g.  of  this  material  was  extracted  with  74% 
alcohol  by  means  of  a  percolator  for  40  days,  by  the  end  of  which  time  the  extract  had 
reached  the  constant  polarization  of  0.54  (glucosimeter  degrees),  due  chiefly  to  ery- 
throdextrin and  amylocellulose  (sugars  and  achro-odextrin  having  been  present  in  the 
early  extracts).  The  presence  of  amylocellulose  in  the  extract  from  the  first  was 
nicely  shown  by  the  formation  of  "artificial  starch"  on  adding  ether.  As  the  ether 
evaporated,  the  sphero-crystals  redissolved.  The  residue  from  the  74%  alcoholic 
extract  was  then  leached  in  a  similar  manner  with  42  %  alcohol.  The  first  extract  with 
this  solvent  gave  a  slight  deposit  on  standing  of  equal  portions  of  cell  fragments  and 
sphero-crystals,  together  with  a  few  long  colorless  needles.  (Cf .  Blake,  This  Journal,  40, 
636  ( 19 1 8) .)  Extracts  No.  2  to  8  of  this  series  contained  the  most  erythrodextrin.  From 
a  mixture  of  these  extracts  a  slight  precipitate  of  amylodextrin  and  higher  polysac- 
charides was  obtained  by  making  the  alcoholic  content  55%.  Prom  the  filtrate  a 
gummy  precipitate  containing  most  of  the  erythrodextrin  was  obtained  by  increasing 
the  alcoholic  content  to  75%  (used  in  Table  I).  The  supernatant  liquid  contained  a 
small  amount  of  achro-odextrin. 

Dextrin  No.  3  was  obtained  from  a  mixture  of  dextrins  made  by  heating  corn  starch 
with  acid  until  about  99%  of  the  material  was  soluble  in  cold  water.  Two  hundred  g. 
of  this  material  was  extracted  with  74%  alcohol  in  the  manner  just  described,  a  constant 
polarization  of  0.80  being  reached  after  29  days.  Of  the  subsequent  extracts  with 
42  to  50%  alcohol,  Nos.  4  to  9  contained  the  purest  erythrodextrin.  From  a  mixture  of 
those  extracts  a  slight  precipitate  of  amylodextrin,  higher  polysaccharides  and  some 
erythrodextrin  was  obtained  by  increasing  the  alcoholic  content  to  50%.  From  the 
nitrate  a  heavy  liquid,  containing  most  of  the  erythrodextrin,  was  precipitated  by 
increasing  the  alcoholic  content  to  72%  (used  in  Table  I).  This  heavy  liquid  contained 
much  erythramylum  when  tested  by  the  method  heretofore  described  (This  Journal, 
40,  623) ;  that  is,  it  gave  much  red  color  with  little  iodine-water  before  any  of  the  blue 
color  due  to  amylodextrin  appeared.  Dextrin  No.  4  was  from  a  yellow  commercial 
dextrin  rich  in  erythrodextrin,  cell  walls  insoluble.  This  dextrin  had  stood  in  10% 
solution  for  2  years,  without  preservative  and  without  apparent  change.  Alcohol  added 
to  the  supernatant  liquid  up  to  44%  gave  the  usual  precipitate,  containing  all  but  a 
trace  of  the  amylodextrin.  From  the  filtrate  the  heavy  liquid  used  in  Table  I  was  pre- 
cipitated by  increasing  the  alcoholic  content  to  59%. 

Dextrin  No.  5  (infra)  was  obtained  by  mixing  together  several  such  heavy  liquids 
as  those  described  under  dextrins  Nos.  2  to  4,  obtained  from  corn  starch. 
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brittle.  The  weight  of  Dextrin  No.  1  became  constant  after  6  months; 
Dextrins  Nos.  2  to  4  were  still  slowly  losing  weight  after  one  year,  at 
which  time  the  subsequent  determinations  were  made. 

Table  I  contains  a  summary  of  the  early  procedures  carried  out  with 
these  dextrins. 

Tablb   I. — Desiccation   of  Heavy  Liquids   Containing   Erythrodbxtrin. 

Solubility  Loss  over 

of  cell  walls  CaCb. 

Dextrin  No.  Source.  Process.  in  cold  water.  %. 

1 Wheat  starch  Heat  (100 °)  Mostly  soluble  27 .4 

2 Corn  starch  Acid  and  heat  Insoluble  28 .9 

3 "  "  Soluble  34.7 

4 **  ,f  Insoluble  46 .4 

3 "  "  Mostly  soluble  51.2 

In  order  to  determine  the  nature  of  these  dried  dextrins,  solutions  were 
made  containing  5  g.  of  the  dried  material  per  100  cc.  These  solutions 
were  then  polarized  in  a  2-dcm.  tube  at  25  °  on  a  glucosimeter,1  and  their 
power  of  coloring  red  with  iodine  was  determined,  as  likewise  their  digesti- 
bility to  the  achromic  point  with  fresh  Vis  strength  saliva  (final  concen- 
tration), preserved  overnight  with  toluene,  and  their  power  of  reducing 
Benedict's  quantitative  reagent.  Table  II  contains  the  data  thus  ob- 
tained. 'M 

Tablb  II. — Properties  op  Dribd  "Erythrodbxtrins." 

Time 
to  achromic 
Red  with  iodine  for         point  with  "Glucose"  by 

Polarization  one  cc.  (corrected),      1/18  strength  Benedict's 

on  Lovibond  scale      saliva  in  minutes  reagent. 

Dextrin  No.       glucosimeter.  -  d.  - 1.  d/t.  % 

I +16.58  53  3.0O  18  2.0 

2 -f-16.00  37  1.97  19  1.9 

3 +15.60  35  1.72  20  1.4 

4 +15.42  33  192  17  20 

5 +16.20  40  2.25  18  1.6 

Accepting  these  results,  momentarily,  at  their  face  value  one  would 
conclude  that  these  products  each  contained  about  2%  sugar.  But  the 
original  raw  dextrins  gave  only  a  faint  tes^with  Benedict's  qualitative 
reagent  and  the  method  of  separating  the  heavy  liquids  from  which  these 
products  were  obtained  precluded  the  presence  of  sugar.  Hence  it  seems 
probable  that  this  uniform  copper  reduction  measures  the  amount  of 
decomposition  of  erythrodextrin  during  the  heating  necessary  to  make 
the  test,  amounting  to  2.0%  for  the  purest  erythrodextrin  obtained  (No.  1). 

The  other  results  require  further  elucidation.  Assuming  that  the  depth 
of  the  red  color  given  with  iodine-water  measures  the  amount  of  erythro- 
dextrin present,  and  that  the  time  required  for  digestion  to  the  achromic 
1  In  all  cases  tested  sodium  light  gave  the  same  reading  as  incandescent  light. 
No  mutarotation  was  observed.  This  instrument  reads  percentages  of  glucose  when 
a  200  mm.  tube  is  used. 
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point  measures  the  same  quantity,1  it  is  evident  that  the  ratio  of  these 
2  determinations  ought  to  be  constant.  The  values  thus  obtained  are 
given  in  Column  5  of  Table  II,  and  are  probably  constant  within  the 
experimental  error. 

In  order  to  establish  the  last  conclusion  more  firmly  and  to  illustrate 
the  present  use  of  the  author's  method2  of  determining  the  depth  of  the 
red  color  given  by  erythrodextrin  with  iodine,  the  details  of  such  deter- 
minations, whereby  the  values  given  in  Table  II  were  arrived  at,  are  here 
recorded. 

Table  III. — Estimation  op  Erythrodextrin  by  Iodine- Water. 
One  cc.  of  5  %  dextrin  solution  in  cylinder  of  Duboscq  colorimeter  of  6.55  sq.  cm.  cross 

section. 
!.                                        2.                                        3. 
Dextrin  No.        , • * * »     , • .. 

Ij-water,  cm.8    2       468     10        246  8       10        2       468     10 

Red 55       5       55         5       55  5         5         5       5       555 

Blue o      o      o      o      o  2. o  i.8  1.5  1.5     1.5     2 .5  2.0  1 .5  1 .2   1 .0 

'  Yellow 0.20.50. 70. 8  1. 2  o      0.20.2  0.2     0.3    o      o      o      0.10.1 

Total  blue. . .    00000        5      89  12?     13?       78888 

Total  red 19    32    41     53     60  14    21     30  39      42       14    21     27     35     40 

Red    less    l/» 

yellow,  No.i*  18    30    38    49    53  14    20    27  36      37       14     19     24    32     35 
4.  5. 

Ij-water,  cm.1 2      4      6      810  2      4      6      810 

Red 55555  55555 

Blue 1 .5  1 .2  1 .0  0.7  0.7  o      o      o      o      o 

Yellow o      o      o.  20. 20. 3  1.71.92.02.22.4 

Total  blue 4      5      5      4      5  o      o      o      o      o 

Total  red 12     19     27     32     37  16     29    38    49    53 

Red   less   >/« 

yellow,  No.  1  ° 12     18     25    30    3$  13     23    30    30    40 

a  For  dextrin  No.  5  one-half  its  own  yellow  reading  was  used. 

It  is  well  known  that  the  depth  and  the  tone  of  the  color  given  by 
iodine  with  dextrin  solutions  vary  with  the  proportion  of  iodine  added. 
In  19188  the  author  indicated?  that  the  depth  of  color  produced  by  iodine 
with  erythrodextrin  reaches  a  maximum  when  the  iodine  is  added  in 
slight  excess,  that  the  presence  of  amylodextrin  is  not  a  disturbing  factor, 
and  that  the  red  color  due  to  excess  of  iodine  can  be  corrected  for  by  sub- 
tracting from  the  total  red  color  observed  40%  of  the  total  yellow  color 
observed.  It  has  since  been  found  that  no  advantage  is  gained  in  adding 
more  iodine  after  its  yellow  tint  becomes  distinctly  discernible  when 
amylodextrin  is  present,  owing  to  the  fact  that  the  blue  iodide  neutralizes 
the  yellow  color  of  iodine  until  considerable  excess  of  the  latter  is  present. 

1  Blake,  This  Journal,  39,  318  (1917),  Table  III. 
*  This  Journal,  40,  623  (1918). 
*lbid.,  40,  624-26  (1918). 
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It  has  likewise  been  found  that  the  red  color  of  iodine-water  equals  50% 
of  its  yellow  color  (expressed  on  the  Lovibond  scale),  instead  of  40%  as 
previously  recorded  (Table  IV). 

Table  IV. — Lovibond  Glasses  Matching  Different  Thicknesses  of  Iodine- 
Water. 

Red  glM»es.  Yellow  glasses. 
0.2  0.5 

0.6  I  .O 

2.5  50 

35  7.2 

From  the  next  to  the  last  line  of  Table  III  it  will  be  noticed  that  the 
total  red  color  steadily  increases  with  increase  of  iodine-water.  The  last 
line  of  the  table  contains  the  same  results  lessened  by  V«  the  yellow  color 
observed  with  Dextrin  No.  1.  It  will  be  noticed  that  the  values  become 
nearly  constant  with  the  final  increases  in  the  proportion  of  iodine-water. 
The  last  value,  that  obtained  with  10  volumes  of  iodine-water,  probably 
yields  for  solutions  of  this  strfength  about  the  best  result  obtainable  for 
comparative  purposes,  since  further  addition  of  iodine  introduces  greater 
uncertainties  in  correcting  for  its  red  color.  This  correction  for  Dex- 
trins Nos.  2  to  4  was  made  in  accordance  with  the  yellow  color  developed 
in  Dextrin  No.  i  because  this  dextrin  was  entirely  free  from  amylodextrin, 
whereas  in  the  case  of  Dextrins  Nos.  2  to  4  the  blue  color  of  the  iodide 
of  the  small  amount  of  amylodextrin  present  largely  neutralized  the  yellow 
color  due  to  the  excess  of  iodine,  without  apparently  affecting  its  red  color. 

It  is  plain  from  the  foregoing  results  that  Dextrin  No.  1  was  far  richer 
than  any  of  the  others  in  erythrodextrin.  Its  specific  rotation  at  25  °, 
174,  agrees  well  with  the  value  (170)  heretofore  obtained1  by  fractiona- 
tion of  a  commercial  sample  of  dextrin  "purified  by  alcohol." 

The  chief  impurity  in  Dextrins  Nos.  2  to  4  was  thought  to  be  amylo- 
cellulose.  It  was  found  that  most  of  the  erythrodextrin  could  be  pre- 
cipitated by  ammonium  sulfate  from  the  heavy  liquids  heretofore  de- 
scribed, other  substances  remaining  in  the  supernatant  liquid.  Accord- 
ingly 450  cc.  of  heavy  liquid,  resembling  those  finally  used  in  Nos.  2  to 
4,  was  treated  with  197  g.  of  solid  ammonium  sulfate.  Two  liquid  layers 
resulted,  the  heavier  one,  consisting  of  177  cc,  containing  nearly  all  the 
erythrodextrin.  The  supernatant  liquid  contained  a  considerable  amount 
of  other  organic  material,  precipitable,  along  with  ammonium  sulfate, 
by  the  further  addition  of  alcohol.  The  heavy  liquid  just  described  was 
freed  from  ammonium  sulfate  by  heating  to  60  °  with  a  slight  excess  of 
barium  carbonate  for  2  hours.  From  the  filtrate  thus  obtained  the  ery- 
throdextrin was  again  precipitated  as  a  heavy  liquid  by  42%  alcohol. 
This  liquid  (Table  I,  No.  5)  dried  to  a  solid  over  calcium  chloride  in  2 

1  This  Journal,  39t  320  (19 17). 


Digitized  by 


Google 


2678  MERRIIX  C.   HART  AND  ARTHUR  D.   HIRSCHFELDER. 

days,  and  its  weight  became  constant  after  48  days,  thus  showing  that 
the  substance  which  held  water  so  tenaciously  in  Dextrins  Nos.  2  to  4 
had  been  removed  by  the  treatment  with  ammonium  sulfate. 

The  properties  of  the  material  thus  obtained  are  included  in  Tables  II 
and  III,  the  digestion  having  been  made  with  the  same  sample  of  saliva 
used  with  the  other  dextrins.  That  saliva  preserved  with  toluene  is  stable 
for  years  was  announced  by  the  author  at  the  Cleveland  meeting  of  the 
American  Chemical  Society  (1918),  and  independently  soon  thereafter  by 
Myers  and  Scott.1 

It  will  be  noticed  from  Table  III  that  the  last  traces  of  amylodextrin 
have  been  removed  and  that  the  ratio  of  the  red  color  with  iodine  to  the 
time  required  for  digestion  to  the  achromatic  point,  18,  is  the  same  as 
that  obtained  for  Dextrin  No.  1,  which  this  dextrin  most  closely  resembles. 
But  the  red  color  and  the  time  required  for  digestion  are  only  75%  of  the 
values  given  by  Dextrin  No.  1 ;  that  is  to  say,  Dextrin  No.  5  contained 
oflty  75%  ^  much  erythrodextrin  as  Dextrin  No.  1.  This  loss  of  ery- 
throdextrin  must  be  attributed  to  a  partial  conversion  to  achro-odextrin 
during  the  heating  with  barium  carbonate.  The  lessened  content  of 
erythrodextrin  also  accounts  for  the  smaller  ratio  of  red  to  yellow  ob- 
served on  adding  the  same  proportion  of  iodine-water  (Table  III). 

With  this  evidence  of  the  individuality  of  erythrodextrin  the  author's 
efforts  in  this  direction  will  be  necessarily  terminated,  at  least  tempo- 
rarily; but  erythrodextrin  nearly  free  from  amylodextrin  will  continue  in 
extensive  use  in  this  laboratory  as  an  accurate  and  ready  means  of  deter- 
mining relative  amylolytic  activity. 

.  Chicago,  III. 


[Contribution  prom  thb  Pharmacology  Department,  University  of  Minnesota.] 

MERCURY  COMPOUNDS  OF  SOME  PHENYL  CARBINOLS.* 

By  Merrill  C.  Hart  and  Arthur  D.  Hirschpelder. 

Received  October  21,  1920. 

In  spite  of  the  large  number  of  organic  mercury  compounds  which 
have  hitherto  been  prepared8  we  have  been  unable  to  find  references  to 
any  compounds  of  mercury  and  arsenic  with  phenyl  carbinols. 

In  view  of  the  relatively  low  toxicity  of  phenyl  carbinols,  the  presence 
of  carbinol  groups  in  many  of  the  most  active  natural  alkaloids  and  the 
interesting  local  anesthetic  and  anti-spasmodic  properties  possessed  by 

1  Myers  and  Scott,  This  Journal,  40,  17 13  (1 918). 

1  This  work  was  done  with  the  aid  of  funds  granted  by  the  United  States  Inter- 
departmental Social  Hygiene  Board,  for  the  investigation  of  the  antiseptic  and  chemo- 
therapeutic  action  of  phenolic  alcohols  and  their  derivatives  upon  the  gonococcus  and 
the  spirochaete. 

*  F.  C.  Whitmore,  /.  Ind.  Eng.  Chem.,  n,  1083  (1919). 
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phenyl  carbinols  and  their  esters1  it  seemed  to  us  that  mercury  compounds 
of  this  group  might  prove  useful  as  antiseptics  and  perhaps  might  also 
possess  valuable  chemotherapeutic  properties. 

Since  Hirschf elder,  Lundholm,  and  Norrgard*  found  that  out  of  a  munber 
of  phenyl  carbinols  investigated,  saligenin  (o-oxybenzyl  alcohol)  possessed 
the  lowest  toxicity  for  the  tissues  and  also  the  best  action  as  a  local  anes- 
thetic and  since  this  substance  is  one  of  the  salicyl  group  which  are  useful 
as  sedatives,  antipyretics  and  antiseptics,  saligenin  was  selected  as  the 
starting  point  in  our  research. 

The  compounds  of  saligenin  and  of  ^-hydroxy-w-nitrophenyl  carbinol 
and  mercury  which  are  reported  below  have  been  found  to  be  efficient 
antiseptics,  about  as  strong  as  mercuric  chloride  but  much  less  irritant 
to  the  tissues,  so  that  they  are  being  used  successfully  in  the  treatment 
of  gonorrheal  urethritis.  Their  antiseptic  and  therapeutic  properties  will 
be  reported  elsewhere. 

Using  the  same  method  that  was  used  in  the  preparation  of  the  mer- 
cury compounds  of  saligenin  and  p -hydroxy-tn-nitrophenyl  carbinol,  we 
have  attempted  the  preparation  of  mercury  compounds  of  benzyl  alco- 
hol, phenylethyl  alcohol,*  cumin  alcohol  and  nitrosaligenin  ((2)CH2OH(4)- 
NOsC«HsOH),  but  found  no  evidence  of  combination. 

Experimental  Part 

Preparation  of  Saligenin. — Hutchinson's4  method,  modified  slightly 
by  Hurd  was  used  for  the  preparation  of  saligenin.  Salicyl  amide  was 
prepared  from  methyl  salicylate  by  shaking  the  oil  in  a  mechanical  shaker 
with  strong  ammonia  water  for  several  hours.  When  the  oil  was  all  in 
solution  it  was  evaporated  on  a  steam-bath  to  a  small  volume.  On  cool- 
ing the  salicyl  amide  crystallized  out,  and  was  filtered  off,  washed  with 
water  and  dried. 

Seventy-five  g.  of  the  salicyl  amide  was  dissolved  in  800  mils  of  water 
and  1000  mils  of  alcohol.  To  this  solution,  agitated  in  a  mechanical 
stirrer,  there  was  added  gradually  in  the  course  of  2  hours  2700  g.  of  a 
2-75%  sodium  amalgam6  and  215  g.  of  glacial  acetic  acid.  The  dilute 
alcohol  solution  was  separated  from  the  mercury  and  after  being  neutral- 
ized with  a  slight  excess  of  sodium  hydrogen  carbonate,  evaporated  under 
1  D.  I.  Macht,  /.  Pharmacol.,  1 1,  263  (1918);  A.  D.  HirschfeJder,  A.  Lundholm, 
and  H.  Norrgard,  Science,  N.  S.f  51,  21  (1920);  J.  Pharmacol.,  15,  263  (1920);  D.  I. 
Macht,  ibid.,  n,  419  (1918). 
* hoc.  tit. 

*  The  phenylethyl  alcohol  was  kindly  furnished  by  Dr.  W.  J.  Hale  of  the  Dow 
Chemical  Company,  Midland,  Michigan,  and  the  cumin  alcohol  by  Dr.  W.  Schwartze 
and  Dr.  Max  Phillips,  of  the  Bureau  of  Chemistry,  Department  of  Agriculture,  Wash- 
ington, D.  C. 

4  A.  Hutchinson,  Ber.,  24,  173  (1891);  Chas.  D.  Hurd,  private  communication. 

•  Prepared  by  Nef's  method.    J.  U.  Nef,  Ann.  Chem.,  280,  307  (1893). 
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reduced  pressure  to  approximately  half  its  volume.  This  was  extracted 
5  times  with  ether.  The  ether  extract  on  evaporation  yielded  an  oil  that 
solidified  on  cooling.  This  was  crystallized  once  from  toluene  and  yielded 
43  g.  of  a  yellowish  crystalline  mass,  63%  of  the  theoretical  yield.  This 
product  required  further  purification  before  it  could  be  used  for  the  prepara- 
tion of  the  mercury  compound.  A  4%  aqueous  solution  of  this  was  made, 
treated  with  animal  charcoal  and  after  being  cooled  in  ice  water,  filtered. 
The  filtrate  was  evaporated  under  reduced  pressure  to  a  small  volume, 
extracted  with  ether,  and  the  ether  removed.  The  residue  from  the  ether 
extract  was  crystallized  once  from  toluene.  This  method  gave  a  product 
that  consisted  of  beautiful  white,  flaky  crystals  melting  sharply  at  86° 
and  soluble  in  water  to  a  clear  colorless  solution. 

Preparation  of  the  Mercury  Compound  of  Saligenin. — Fifteen  g.  of 
saligenin  was  dissolved  in  250  mils  of  95%  alcohol.  To  this  was  added 
a  warm  filtered  solution  of  80  g.  (2  moles)  of  mercuric  acetate  in  150  mils 
of  water  to  which  5  mils  of  acetic  acid  had  been  added  to  prevent  hydrol- 
ysis of  the  mercuric  acetate.  This  solution  was  heated  on  the  reflux 
condenser  for  30  minutes  and  allowed  to  stand  overnight.  Hard  clumps  of 
needle-like  crystals  radiating  out  from  a  common  center  had  formed.  These 
were  filtered  off,  washed  with  a  little  water,  alcohol,  and  ether,  and  dried. 
They  weighed  67  g.  The  filtrate  on  being  allowed  to  stand  for  several 
weeks  separated  8  g.  more  of  this  compound.  This  reaction  also  occurred 
at  ordinary  temperature  by  merely  mixing  solutions  of  the  2  substances 
and  allowing  them  to  stand  for  several  weeks. 

Properties  and  Salts  of  the  Mercury  Compound  of  Saligenin.— This 
compound  was  very  insoluble  in  water  and  in  all  the  ordinary  organic  sol- 
vents. It  dissolved  in  hot  acetic  acid  with  the  separation  of  mercurous 
acetate  on  cooling.  It  was  soluble  in  hot  acetic  anhydride  and  in  the  fixed 
alkalies.  It  was  not  soluble  in  ammonium  hydroxide.  In  water  suspension 
it  was  not  acted  upon  by  hydrogen  sulfide.  In  alkaline  solution  it  gave 
gradually  with  hydrogen  sulfide  in  the  course  of  several  hours  a  precip- 
itate of  black  mercuric  sulfide. 

It  had  no  definite  melting  point.  It  began  to  turn  brown  at  1600  and 
at  1690  gas  began  to  form.  The  material  became  porous  and  fluffy  with 
no  further  change  except  a  gradual  darkening  up  to  2500. 

The  chloride  of  this  compound  is  extremely  insoluble,  the  bromide, 
and  iodide  less  so.    The  sulfate  is  insoluble  and  the  nitrate  soluble. 

The  sodium  salt  of  this  compound  was  prepared  by  pouring  gradually 
a  concentrated  solution  of  the  mercury  saligenin  in  10%  sodium  hydroxide 
into  95%  alcohol.  A  yellow  granular  solid  separated  which  was  filtered 
off,  washed  with  alcohol  and  ether,  and  dried  in  a  desiccator.  This 
sodium  salt  when  first  made  is  extremely  soluble  in  water  giving  clear, 
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slightly  yellow  solution,  but  on  exposure  to  the  air  it  gradually  takes  up 
carbon  dioxide  and  becomes  more  or  less  insoluble. 

The  acetate  of  the  mercury  saligenin  had  in  general  the  same  solubil- 
ities as  its  parent  substance.  It  was  slowly  soluble  in  sodium  hydroxide 
solutions. 

The  most  interesting  fact  about  this  compound  is  the  very  great  affinity 
of  the  saligenin  molecule  for  the  mercuric  ion.  After  15  g.  of  saligenin 
had  been  refluxed  with  80  g.  of  the  mercuric  acetate  for  2  hours  and 
allowed  to  stand  for  several  hours  the  mercuric  ion  was  removed  quan- 
titatively from  solution.  No  precipitate  could  be  obtained  with  hydrogen 
sulfide,  showing  the  practically  complete  removal  of  the  mercuric  ion 
from  solution. 

Purification  and  Analysis  of  the  Mercury  Compound  of  Saligenin. — 
The  crystals  of  this  compound  as  originally  obtained  were  slightly  con- 
taminated with  very  faint  traces  of  mercurous  acetate.  This  was  removed 
by  cooking  the  finely  powdered  material  with  large  quantities  of  water 
and  then  drying  with  alcohol  and  ether.  By  this  method  the  material 
was  obtained  free  from  mercurous  acetate  and  completely  soluble  in  10% 
alkali  solutions.  Material  for  check  analyses  was  also  prepared  by  dissolv- 
ing the  mercury  saligenin  in  10%  sodium  hydroxide  solution,  filtering  and 
reprecipitating  by  just  making  the  solution  acid  with  acetic  acid.  The 
precipitate  was  filtered  off,  washed  with  water,  alcohol  and  ether,  and 
then  dried. 

The  mercury  in  these  compounds  was  determined  by  the  method  of 
Jamieson1  by  precipitating  it  as  the  double  thiocyanate  with  zinc.  A 
0.2500  g.  sample  was  dissolved  in  3  mils  of  nitric  acid  to  which  2  mils 
of  hydrochloric  acid  were  added.  This  was  heated  on  the  steam-bath 
until  all  the  chlorine  had  been  boiled  off.  The  residue  was  then  diluted 
to  50  mils  and  nearly  neutralized  with  sodium  hydrogen  carbonate.  The 
mercury  was  then  precipitated  by  adding  25  mils  of  a  solution  containing 
39  g.  of  ammonium  thiocyanate  and  29  g.  of  zinc  sulfate  to  the  liter. 
The  solution  was  stirred  vigorously  for  about  10  minutes  and  then  allowed 
to  stand  for  one  hour.  The  precipitate  of  the  mercury  double  salt  was 
then  filtered  off  in  a  weighed  Gooch  crucible,  washed  and  dried  to  con- 
stant weight  at  105  °. 

This  method  of  analysis  was  checked  by  the  method  used  by  Whitmore2 
for  the  analysis  of  the  organic  mercury  compounds  derived  from  £-bromo- 
dimethyl  aniline.  By  this  method  the  mercury  compound  was  decom- 
posed by  heating  with  fuming  nitric  acid  in  a  sealed  tube  for  36  hours 
at  a  temperature  of  200  °.  The  mercury  was  then  precipitated  as  the 
sulfide  using  freshly  prepared  ammonium  sulfide.  The  precipitate  was 
1  G.  S.  Jamieson,  /.  Ind.  Eng.  Chetn.,  11,  4,  206  (1919). 
1 F.  C.  Whitmore,  This  Journal,  41, 1848  (1919). 


Digitized  by 


Google 


2682  MERRILL  C.  HART  AND  ARTHUR  D.  HIRSCHFELDER. 

filtered  off  on  a  weighed  Gooch  crucible,  washed  with  water  and  carbon 
disulfide,  dried,  and  weighed  in  the  usual  manner. 

Analysis  and  Probable  Formula  of  the  Mercury  Compound  of  Sali- 
genin. — The  mercury  compound,  purified  by  digesting  with  large  quan- 
tities of  hot  water,  alcohol,  and  ether  was  used  for  analysis.  The  material 
was  completely  soluble  in  sodium  hydroxide  solution.  It  was  air  dried 
to  constant  weight  and  analyzed. 

Subs.,  0.2500:  HgZn(SCN)<,  0.4138. 

Calc  for  C7H^Hft.3.5HtO:  Hg.  66.62.    Found:  Hg,  66.63. 

The  material  was  then  dried  to  constant  weight  at  100 °  and  analyzed. 

Subs.,  0.2227:  HgZn(SCN)4,  0.4127. 

Calc.  for  CjHiOiHgj:  Hg,  74.41.    Found:  Hg,  74.60. 

These  figures  agree  very  closely  with  those  for  a  compound  of  mercury 
with  saligenin  (Formula  I)  containing  3.5  molecules  of  water  at  ordinary 
temperature.  The  mercury  in  this  condition  being  weakly  basic  the 
acetate  radicals  having  been  hydrolyzed  off  during  the  process  of  puri- 
fication and  the  basic  mercury  reacting  to  form  an  inner  anhydride  with 
phenolic  hydroxyl  ortho  to  it. 

O-x  O  >OH  O 

'      X         ' 

Hgf    >-CH,OH  H,C— C— OHg— f    \-CHr-0— C— CH, 


O 

• 

^HgOH  xHg— O— C— CH» 

(I).  (II). 

The  Acetate  of  the  Mercury  Compound  of  Saligenin. — Assuming  that 
the  Formula  I  for  the  mercury  compound  of  saligenin  is  correct  it  should 
form  an  acetate  with  3  acetyl  radicals  going  into  the  molecule,  2  on  the 
mercury  groups  and  one  on  the  alcohol  group.  To  test  this  out  the 
acetate  was  prepared  by  dissolving  the  mercury  saligenin  in  hot  acetic 
anhydride  and  then  filtering  very  rapidly.  On  continued  heating  an  in- 
soluble amorphous  compound  is  formed  probably  due  to  the  combination 
of  2  or  more  molecules  from  the  dehydrating  effect  of  the  acetic  anhydride. 
The  acetate  is  best  prepared  using  small  quantities  of  the  materials. 
On  cooling,  the  acetic  anhydride  deposits  beautiful  rod-shaped,  flat-sided 
crystals  of  the  acetate.  These  were  filtered  off  and  washed  with  a  little 
ether  and  dried  in  a  vacuum  desiccator.  From  60  g.  of  the  mercury 
saligenin,  19  g.  of  the  crystalline  acetate  was  obtained.  These  crystals 
were  dried  to  constant  weight  at  100  °  and  analyzed. 

Subs.,  0.2500:  HgZn(SCN)4,  0.3556. 

Calc.  for  CjtHMOjHgj.HiO:  Hg,  57.21.    Found:  Hg,  57.26. 

These  figures  agree  very  closely  with  those  for  a  triacetate  of  the  mercury 

compound,  the  probable  formula  of  which  corresponds  to  Formula  II.  This 


Digitized  by  VjOOQIC 


MERCURY  COMPOUNDS  OF  PHENYL  CARBINOLS. 

acetate  contains  one  molecule  of  water  of  crystallization  whkh  it 
being  heated  to  no°. 

The  Mono  Mercury  Compound  of  SaUgenin. — We  attempted  to  is 
late  a  monomercury  compound  of  saligenin.  Bquimolecular  quantities  off 
the  saligenin  and  of  the  mercuric  acetate  were  allowed  to  react  at  ordinary 
temperature.  The  mercury  compound  of  saligenin  containing  2  atoms 
of  mercury  was  formed,  and  no  evidence  of  a  more  soluble,  monomercury 
compound  of  saligenin  was  discovered  in  the  filtrate. 

The  Mercury  Compound  of  ^-Hydrozy-m-Nitrophenyl  Carbinol. 

Preparation  of  ^-Hydroxy-tn-Nitrophenyl  Carbinol.1 — This  compound 
was  prepared  by  the  action  of  bromomethyl  alcohol  on  o-nitrophenol. 

The  bromomethyl  alcohol  was  prepared  by  the  method  of  L.  Henry.* 
125  mils  of  40%  formaldehyde  was  treated  in  the  cold  with  approximately 
270  g.  of  dry  hydrogen  bromide  in  the  course  of  7  hours.  After  some  time 
a  heavy,  dark  red  liquid  separated  out  which  consisted  essentially  of 
bromomethyl  alcohol.  This  was  then  quickly  separated  from  the  super- 
natant aqueous  hydrobromic  acid  by  means  of  a  separatory  funnel.  The 
bromomethyl  alcohol  was  kept  in  a  tightly  stoppered  bottle  in  the  cold, 
as  it  decomposes  at  a  temperature  of  20  °  or  more. 

o-Nitrophenol  was  allowed  to  stand  for  several  days  with  a  slight  excess 
of  bromomethyl  alcohol  in  the  presence  of  a  small  amount  of  fused  zinc 
chloride.  The  o-nitrophenol  dissolved  in  the  bromomethyl  alcohol  at 
first  and  then  gradually  the  mixture  solidified.  The  solid  was  then  sus- 
pended in  water  and  distilled  with  steam  to  remove  any  unchanged 
0-nitrophenol.  The  water  solution  remaining  in  the  distilling  flask  was 
then  filtered  and  allowed  to  crystallize.  Beautiful  long,  yellow  needles 
were  obtained  which  after  another  crystallization  from  water  melted 
sharply  at  97  °.    The  yields  by  this  method  were  very  good. 

Preparation  of  the  Mercury  Compound  of  ^-Hydroxy-tn-Nitrophenyl 
Carbinol. — 25  g.  of  the  £-hydroxy-m-nitrophenyl  carbinol  was  dissolved 
in  500  mils  of  95%  alcohol.  To  this  was  added  a  warm  filtered  solution 
of  94  g.  (2  moles)  of  mercuric  acetate  in  200  mils  of  water  containing  15 
mils  of  glacial  acetic  acid.  This  mixture  was  refluxed  for  6  hours  and 
then  allowed  to  stand  at  ordinary  temperature  for  some  time.  Gradually 
a  fine,  light,  yellow  needle-like,  crystalline  compound  separated.  This  was 
filtered  off  at  the  end  of  7  days,  and  was  found  to  weigh  29  g.  Further 
small  crops  were  obtained  by  concentrating  the  filtrate. 

Properties  and  Salts  of  the  Mercury  Compound  of  f-Hydroxy-tn- 

Nitrophenyl  Carbinol. — This  substance  was  contaminated  by  a  slight 

1  We  have  also  prepared  a  carbinol,  nitrosaligenin  ((2)  CHiOH(4)NOsCfHtOH) 

by  the  action  of  bromomethyl  alcohol  on  £-nitrophenol.    This  method  will  probably 

be  found  useful  for  the  synthesis  of  other  phenyl  carbinols. 

*  L.  Henry,  Bull.  acad.  toy.  med.belg.,  [3]  26,  615;   Ber.  Gesellsch.,  27,  336  (1894). 
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amount  of  mercurous  acetate,  otherwise  it  was  completely  soluble  to  a 
deep  reddish-yellow  solution  in  alkaline  solutions.  It  was  slightly  soluble 
in  water  and  insoluble  in  all  of  the  ordinary  organic  solvents.  It  was 
soluble  in  hot  acetic  acid  and  hot  acetic  anhydride  and  could  be  crystal- 
lized from  these  solvents.  In  aqueous  suspension  it  did  not  give  a  pre- 
cipitate of  mercuric  sulfide  with  hydrogen  sulfide.  In  alkaline  solution 
it  gave  gradually  in  the  course  of  several  hours  on  treatment  with  hydrogen 
sulfide,  a  black  precipitate  of  mercuric  sulfide.  It  did  not  melt  when 
heated  to  2400. 

The  chloride  of  this  compound  is  very  insoluble,  the  bromide,  and  the 
iodide  less  so.  The  sulfate  is  insoluble  and  the  nitrate  soluble.  The 
acetate  of  this  compound  has  in  general  the  same  solubilities  as  its  parent 
substance.  It  was  slowly  soluble  in  solutions  of  alkali,  giving  a  deep 
reddish  colored  solution. 

Analysis  and  Probable  Formula  of  the  Mercury  Compound  of  />- 
Hydrozy-m-Nitrophenyl  Carbinol. — The  crude  compound  was  purified  for 
analysis  by  crystallizing  it  3  times  from  20%  acetic  acid.  Beautiful  long 
light  yellow  needle  like  crystals  were  obtained.  These  were  completely 
free  from  the  presence  of  mercurous  acetate  as  was  shown  by  their  complete 
solubility  in  dilute  sodium  hydroxide  solution.  These  were  washed  with 
alcohol  and  ether,  dried  to  constant  weight  at  ioo°  and  analyzed  for 
mercury.  The  sample  in  this  case  was  dissolved  by  heating  on  the  steam- 
bath  for  one  hour  with  3  mils  of  fuming  nitric  acid.  The  solution  of  the 
mercury  compound  was  then  diluted  to  50  mils,  nearly  neutralized  with 
sodium  hydrogen  carbonate  and  the  mercury  precipitated  and  weighed 
in  the  same  manner  given  above  for  the  analysis  of  the  mercury  saligenin. 

Subs.,  0.2500:  HgZn(SCN)4,  0.3250. 

Calc.  for  C7H70&NHg:  Hg,  52.02.     Found:  Hg,  52.33. 

These  figures  correspond  very  closely  to  a  compound  of  mercury  with 
f-hydroxy-m-nitrophenyl  carbinol  (Formula  III).  As  in  the  case  of  the 
compound  of  mercury  with  saligenin,  the  acetate  is  hydrolyzed  from  the 
mercury,  due  to  the  weak  basicity  of  the  mercury  in  this  position.  The 
mercury  in  this  compound  evidently  was  not  ortho  to  the  phenolic  hydroxyl 
because  there  was  no  evidence  of  losing  water  to  form  an  inner  anhydride 
similar  to  the  mercury  compound  of  saligenin,  when  this  compound  was 
heated  to  no°  for  some  time. 
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The  Acetate  of  the  Mercury  Compound  of  p-Hydroxy-w-Nitrophenyl 
Carbinol. — If  the  mercury  compound  of  />-hydroxy-w-nitrophenyl  car- 
binol  has  the  structure  corresponding  to  Formula  III  it  should  form  an 
acetate  with  one  or  two  radicals  of  the  acetic  acid  going  into  the  molecule 
depending  on  whether  the  alcohol  group  was  acetylated  or  not.  This 
compound  was  prepared  by  dissolving  the  mercury  compound  in  hot 
acetic  anhydride  and  then  filtering  very  rapidly.  It  was  necessary  to 
filter  very  rapidly  in  this  case,  as  in  the  preparation  of  the  acetate  of  the 
mercury  saligenin,  to  prevent  the  formation  of  an  insoluble  amorphous 
compound  probably  due  to  the  combination  of  2  or  more  molecules 
from  the  dehydrating  effect  of  the  acetic  anhydride.  On  cooling,  beau- 
tiful needles,  of  a  little  lighter  yellow  than  the  parent  substance,  separated. 
These  were  filtered  off,  washed  with  a  little  alcohol  and  ether,  and  dried 
to  constant  weight  at  ioo°.  They  were  analyzed  for  mercury,  using  the 
same  method  used  for  the  analysis  of  the  mercury  compound  of  p -hydroxy- 
m-nitrophenyl  carbinol. 

Subs.,  0.2500:  HgZn(SCN)4,  0.2916. 

Calc.  for  CtH.O«NHg:  Hg,  46.91.    Found:  Hg,  46.95. 

These  figures  correspond  very  closely  to  those  for  a  mono-acetate  of 
the  mercury  compound  of  p-hydroxy-m-nitropheriyl  carbinol,  the  prob- 
able formula  of  which  is  shown  in  Formula  IV. 

Summary. 

1.  Saligenin  heated  on  the  steam-bath  with  2  moles  of  mercuric  acetate 
reacts  with  the  formation  of  a  dimercury  compound  of  saligenin.  #The 
mercury  is  present  as  the  free  base  in  non-ionic  form  and  probably  at- 
tached to  the  ring  ortho  to  the  phenolic  hydroxyl,  with  which  it  readily 
forms  an  inner  anhydride,  and  meta  to  the  alcohol  group. 

2.  Saligenin  has  a  remarkable  affinity  for  the  mercuric  ion,  15  g.  of 
which  on  being  refluxed  for  2  hours  with  80  g.  of  mercuric  acetate  and 
allowed  to  stand  for  2  hours  removes  the  mercuric  ion  so  completely  from 
solution  that  the  mixture  gives  no  precipitate  of  mercuric  sulfide  with 
hydrogen  sulfide. 

3.  The  mercury  compound  of  saligenin  forms  salts  with  the  mineral 
acids.  The  chloride,  sulfate,  bromide  and  iodide  are  insoluble.  The 
nitrate  is  soluble.  It  also  forms  a  soluble  sodium  and  potassium  salt. 
It  forms  an  acetate  when  crystallized  from  acetic  anhydride,  containing 
3  acetyl  groups,  2  on  the  mercury  group  and  one  on  the  alcohol  group. 

4.  The  aromatic  alcohols  which  did  not  contain  a  phenolic  hydroxyl 
group  such  as  benzyl  alcohol,  phenylethyl  alcohol,  and  cumin  alcohol, 
as  well  as  nitro-saligenin  ((2)CH2OH(4)NO,CeH,OH)  did  not  react  with 
mercuric  acetate  to  yield  organic  mercury  compounds. 

5.  A  new  method  has  been  developed  for  synthesizing  £-hydroxy-m- 
nitrophenyl  carbinol  and  nitro-saligenin  by  the  action  of  bromomethyl 
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alcohol  on  o-  and  ^-nitrophenol,  respectively.    This  synthesis  may  prove 
useful  for  other  carbinols. 

6.  The  zinc  thiocyanate  method  of  Jamieson  has  been  found  satisfac- 
tory for  determining  the  mercury  in  these  aromatic  mercury  compounds. 

7.  ^-Hydroxy-m-nitrophenyl  carbinol  heated  on  the  steam-bath,  with 
mercuric  acetate  reacts  with  the  formation  of  a  monomercury  compound. 
The  mercury  is  present  as  the  free  base  in  non-ionic  form  and  probably 
attached  to  the  ring  para  to  the  nitro  group. 

8.  The  mercury  compound  of  ^-hydroxy-w-nitrophenyl  carbinol  forms 
salts  with  the  mineral  acids.  The  chloride,  sulfate,  bromide  and  the 
iodide  were  insoluble.  The  nitrate  is  soluble.  It  also  forms  soluble 
sodium,  potassium  and  ammonium  salts.  It  forms  a  mono-acetate  when 
crystallized  from  acetic  anhydride. 

9.  These  organic  mercury  compounds  have  been  found  to  be  useful 
antiseptics. 

Minneapolis,  Mam. 
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Die  Leichtfltichtigen  Bestandtefle  im  Magma.    By  Paul  Niggu.     B.  G.  Teubner, 
Leipzig,  1920.    viii  +  272  pp.,  20  z  28  cm.,  132  figs.    Price,  M.  22. 

The  greater  part  of  the  experimental  work  hitherto  carried  out  on 
silicate  melts  has  been  concerned  almost  entirely  with  mixtures  of  the 
involatile  oxides  which  go  to  make  up  the  rocks  as  they  now  exist.  For  this 
the  main  reason  is  that  one  must  first  investigate  thoroughly  the  simpler 
systems  before  proceeding  to  the  more  complex,  particularly  as  the  diffi- 
culty of  carrying  out  the  experiments  and  of  interpreting  the  results  is 
enormously  enhanced  when  one  of  the  components  is  volatile  within  the 
temperature  range  in  question.  A  subsidiary  reason  is  that  until  recently 
it  was  not  well  recognized  that  the  presence  of  a  volatile  component  in 
a  cooling  melt  could  cause  such  marked  differences  as  it  does  in  fact; 
penologists  had,  it  is  true,  attributed  certain  things  which  they  could 
not  explain  on  the  basis  of  the  older  chemistry  to  what  they  termed 
"mineralizers," — somewhat  mysterious,  presumably  volatile  substances 
which  had  disappeared  from  the  system  after  doing  their  work.  But 
with  careful  investigation  of  such  heterogeneous  equilibria,  from  the 
theoretical  perhaps  more  than  from  the  experimental  standpoint,  it  be- 
came apparent  that,  the  presence  of  a  volatile  component  is  competent 
to  account  for  many  phenomena,  and  that  progress  along  many  lines  of 
penological  and  volcanological  research  will  be  greatly  accelerated  by 
extension  of  accurate  knowledge  of  the  sequence  of  events  to  be  expected 
when  a  silicate  melt  containing  a  component  such  as  water,  cools  rapidly 
or  slowly,  in  a  confined  space  or  otherwise. 

In  this  monograph,  which  was  awarded  the  prize  offered  by  the  Ffirst- 
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lich  Jablonowskische  Gesellschaft  in  Leipzig  for  the  best  essay  on  this 
general  topic,  Niggli  reviews  our  present  knowledge  of  equilibrium  in  sys- 
tems containing  a  volatile  component,  and  discusses  its  implications  and 
applications  to  a  large  number  of  geologic  instances.  Much  is  still  some- 
what conjectural  and  will  remain  so  for  some  time,  as  experimental  work 
on  this  type  of  system  yields  results  very  slowly.  But  we  have  attained  to  a 
definite  point  of  view  which  correlates,  or  promises  to  correlate,  phenomena 
hitherto  apparently  diverse;  and  are  enabled  to  reach  certain  specific 
conclusions,  such  as  that  the  magma,  or  any  system  comprising  volatile 
components,  may  on  cooling  and  crystallizing  develop  high  pressure  by 
reason  of  the  fact  that  the  volatile  components  are  very  much  less  soluble 
in  the  solid  than  in  the  melt. 

The  book  is  written  from  the  standpoint  of  a  petrologist,  and  is  addressed 
primarily  to  penologists;  but  the  author  presumes  on  the  part  of  the 
.  reader  an  acquaintance  with  the  interpretation  of  equilibrium  diagrams 
which  is  far  from  common  among  chemists  and  quite  exceptional  among 
petrologists.  Indeed  no  one  will  find  this  easy  reading ;  but  facts  are  stub- 
born, and  important  factors  may  not  be  neglected  merely  because  they 
render  the  treatment  complex  and  hard  to  grasp.  The  first  hundred  pages 
bring  together  material  important  to  any  one  who  may  be  concerned  with 
a  system  of  this  type;  many  of  these  are  technically  important  thotigh 
still  inadequately  understood,  e.  g.t  the  solubility  of  gases  in  a  metal  or 
glass  and  the  influence  of  temperature  upon  this  equilibrium.  This  part 
may  be  commended  to  any  chemist  who  wishes  to  get  the  available  scien- 
tific information  on  this  type  of  system,  most  of  which  has  been  developed 
within  the  last  few  years  but  has  not  been  readily  accessible.  In  the 
remainder  of  the  book  the  general  principles  derived  from  the  study  of 
systems  with  volatile  components  are  applied  to  specific  geologic  in- 
stances, drawn  from  many  sources.  John  Johnston 

La  Materialisation  de  L'Energie,  Essai  sur  La  Theorie  de  La  Relativite  et  sur  La  Theorie 
des  Quanta.     By  Louis  Rougier.    Paris,  19 19. 

This  is  a  very  attractive  description  of  the  results  of  the  newer  theories 
of  physical  science.  It  describes  in  a  non-mathematical  form  the  results 
which  are  obtained  from  Einstein's  theory  of  the  relativity  of  motion  in 
free  space,  from  Einstein's  theory  of  the  relativity  of  motion  in  space 
containing  gravitation  fields,  and  the  results  of  the  quantum  theory. 

The  book  is  written  in  very  clear  and  delightful  French,  and  can  be 
highly  recommended  to  the  reader  who  wishes  to  get  a  qualitative  idea 
of  the  new  things  which  are  brewing.  Richard  C.  Tolman 

Legal  Chemistry  and  Scientific  Criminal  Investigation.  By  A.  Lucas.  Director  Gov- 
ernment Analytical  Laboratory  and  Assay  Office,  Cairo.  Edward  Arnold,  Lon- 
don, 1920.    pp.    viii  +  181.     14.5  X  22  cm.    Price,  $3.40  net. 

The  author  frankly  states  in  the  opening  of  the  preface  that  the  book 
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makes  "no  pretensions  to  be  a  complete  treatise  on  Legal  Chemistry,  but 
consists  essentially  of  a  collection  of  notes."  Surely  no  treatise  would  be 
complete  in  the  space  of  this  small  volume.  As  a  collection  of  notes  based 
on  the  author's  experience  in  Egypt  the  subject  matter  is  interesting, 
though  perhaps  not  particularly  instructive  to  one  engaged  in  analytical 
chemical  work  or  in  investigations  for  the  law  officers  in  the  administration 
of  justice. 

The  custom  in  England  and  her  colonies  is  somewhat  different  from  that 
in  this  country  where  the  authorities  are  more  apt,  or  perhaps  more  often 
compelled,  to  seek  help  from  the  scientist  connected  with  some  institution. 
For  this  reason  the  director  of  an  English  Government  Laboratory  may  be 
called  upon  for  a  wide  variety  of  work  such  as  is  represented  in  this  work. 
Many  of  the  subjects  unfortunately  are  treated  very  superficially  and  the 
knowledge  of  chemistry  necessary  is  often  nil.  Though  the  title  specific- 
ally states  Scientific  Criminal  Investigation  there  appears  to  be  no  reason 
why  the  information  is  not  equally  applicable  to  other  actions  in  law, 
such  as  civil  cases.  Much  of  the  knowledge  called  for  is  not  so  much 
scientific  as  it  is  common  knowledge  accurately  and  carefully  applied  with 
due  attention  to  detail,  which  the  highly  trained  layman  is  so  often  able 
to  do. 

As  a  narrative  of  conditions  commonly  met  with  in  Egyptian  jurispru- 
dence there  is  an  evening's  pleasant  reading  awaiting  the  interested 
expert.  R.  L.  Emerson 

Solubilities  of  Inorganic  and  Organic  Compounds.  By  Athbrton  Sbidbix.  Second 
edition,  enlarged  and  revised,  D.  Van  Nostrand  Company,  New  York.  pp. 
xxii  +  843.     Price,  $7.50. 

The  second  edition  of  this  book  represents  a  decided  advance  over  the 
first  edition  both  in  the  variety  of  material  and  completeness  of  presenta- 
tion. The  earlier  edition  has  been  of  inestimable  value  to  chemists;  the 
present  is  even  better.  In  spite  of  the  care  of  the  author,  a  few  errors 
appear.  This  is  not  surprising  and  as  a  whole  the  book  is  an  admirable 
and  accurate  compilation  of  data.  A  compilation,  however,  cannot  make 
good  deficiencies  of  the  original  reports  of  measurements,  as  for  example, 
on  p.  121  the  statement  "100  cc.  HBr  dissolve  0.04  g.  BaSO*  at  the  boil- 
ing point"  is  indefinite,  since  the  strength  of  acid  is  not  stated.  Possibly 
this  is  better  than  no  information.  On  the  other  hand,  on  p.  131  appears 
"The  solubility  of  o,  m  and  ^-nitrobenzene."  This  is  a  quotation  from 
the  original  article  and  doubtless  means  dinitrobenzene.  It  is  certainly 
not  good  use  in  nomenclature.  The  descriptive  matter  accompanying  the 
tables  is  distinctly  valuable  and  possibly  could  be  enlarged  with  benefit, 
particularly  in  regard  to  the  source  and  purity  of  materials.  But  in  this 
respect  also,  investigators  are  notably  lax  in  furnishing  adequate  informa- 
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tion,  and  the  compiler  is  helpless.  The  author  is  to  be  commended  for 
emphasizing  the  identity  of  solubility-  and  freezing-point  data,  a  fact 
known  to  all  but  not  universally  appreciated.  Many  references  and 
tables  relative  to  freezing  points  of  mixtures  are  included.  The  author 
lias,  so  far  as  possible,  recorded  the  original  experimental  values.  In 
the  hands  of  anyone  but  an  expert  this  is  probably  the  best  procedure. 
However,  when  treated  by  a  competent  critic  such  data  are  better  plotted 
graphically,  preferably  the  logarithms  if  temperature  is  the  variable,  and 
the  solubilities  at  round  concentrations  or  temperatures  read  from  the 
plot.  This  not  only  yields  results  easier  to  tabulate  and  use  but  also 
furnishes  a  great  deal  of  information  concerning  the  precision  and  reli- 
ability of  the  measurements. 

It  would  be  a  gigantic  task  to  treat  the  material  in  this  book  in  such 
a  fashion,  but  would  render  it  much  more  serviceable.  Dr.  Seidell,  who, 
by  the  way,  did  all  of  this  work  including  copying  and  proof  reading 
practically  unassisted,  has  already  paid  his  full  measure  of*  service  in  thk 
field  and  deserves  assistance.  It  seems  to  the  reviewer  that  the  National 
Research  Council  or  other  organization  for  the  advancement  of  science 
should  place  a  sufficient  number  of  assistants  at  the  disposal  of  Dr.  Seidell 
so  that  he  might  make  his  material  even  more  useful  than  he  has  already 
done. 

The  book  concludes  with  a  brief  resumd  of  experimental  methods  for 
the  determination  of  solubility.  E.  K.  Strachan 

Everyday  Chemistry.  By  Alfred  Vivian,  Dean  of  the  College  of  Agriculture  of  the 
Ohio  State  University.  American  Book  Co.,  New  York,  1920.  560  pages,  245 
figures.     13  z  19  cm. 

This  is  one  of  a  series  of  text-books  based  on  the  idea  that  all  school 
children  should  know  the  chemical,  physical  and  biological  forces  with 
which  they  will  have  to  work  and  the  laws  which  govern  them,  and  acquire 
some  skill  in  handling  them.  The  book  covers  "the  science  and  art  of 
chemistry  as  applied  to  everyday  life,  with  special  emphasis  on  household 
economics,  soil  fertility,  and  the  relation  of  chemistry  to  plant  and  animal 
production."  In  preparing  it  the  author  has  given,  first,  a  brief  study 
of  the  elements  and  their  important  compounds  and  reactions;  this  is 
followed  in  Part  II  by  organic  chemistry,  54  pages,  and  applied  chem- 
istry, 122  pages.  Under  this  last  caption  are  treated  chemistry  of  plant 
growth,  enzymes,  digestion,  fermentation,  principles  of  nutrition,  feeding 
farm  animals,  human  foods,  milk  and  its  products,  testing  milk,  leavening 
agents,  food  preservation  and  disinfectants,  textiles,  dyeing  and  bleach- 
ing, paints  and  varnishes,  cleaning  materials  and  insecticides  and  fungi- 
cides.   Part  III,  140  pages,  treats  of  soils  and  fertilizers. 

The  book  seems  to  have  been  carefully  compiled;  the  statements  of  fact 
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are  accurate  and  the  language  is  simple  and  clear.  No  further  incursion 
into  the  realm  of  theory  has  been  attempted  than  was  necessary.  The 
desirability  of  using  the  experimental  method  wherever  possible  is  con- 
stantly enforced.  The  mechanical  preparation  of  the  book  is  excellent 
in  every  respect.  Edward  Hart 
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ABSORPTION.        See  Btat  of  absorption. 

Acetaldehyde,  emanation  of,  from  the  ripe  apples 1509 

Acetic  anhydride,  action  of,  on  or-naphthylpropiolic  acid 1656 

Acetone,  analysis  of,  by  Messinger's  method,  39;  periodides  of 1255 

Acetylacetone,  addition  to  certain  aryl  isothlocyanates 1055 

Acetylaminophthalic  anhydrides,  reaction  with  C«Hi  and  A1CU 1871 

Aoetyl-o-bromocyclohexylamine 2625 

Acetyl-o-chlorocyclohezylamine,  prepn.  of 2624 

Acid  anhydrides,  use  of  ozalyl  chloride  and  bromide  for  producing  (III) 599 

Acid  bromides,  use  of  ozalyl  chloride  and  bromide  for  producing  (III) 599 

Acid  chlorides,  use  of  oxalyl  chloride  and  bromide  for  producing  (III) 599 

Acidimetry,  methiodides  of  the  condensation  products  of  some  cyclic  aldehydes  with  quinaldine 

and  a-picoline,  and  their  possible  value  as  indicators  in 2309 

Acidity,  relation  between  the  total,  the  concn.  of  the  H  ion  and  the  taste  of  acid  solns 712 

Acids,  identification  of,  (V)  para  halogen  phenacyl  esters 1043 

Actinium,  independent  origin  of 2205 

Addition  reaction,  new  type  of 830 

Adhesion,  work  of,  between  Hg  and  org.  liquids 2534 

Adsorption,  surface  energy,  adsorption  and  surface  catalysis,  700;  by  charcoal,  1393, 1408; colloidal,  2 142 
Affinity,  Die  thermodynamische  Berechnung  Chemischer  Affinitaten  von  homogenen  und  hetero- 

genen  Gasreaktionen  (Cederberg,  book  rev.) 1287 

Alcohols,  from  proso  millet,  658;  heterocyclic  compds.  of  tf-arylamino,  1720;  reaction  with  aq. 

Ha  and  HBr * 2093 

Aldehydes,  hydrolysis  of  proteins  in  presence  of,  632;  methiodides  of  the  condensation  products 
of  some  cyclic,  with  quinalduie  and  a-picoline,  and  their  possible  value  as  indicators  in  aci- 
dimetry, 2309;  condensation  of  primary  arsines  with 2375 

Alkali,  KClOi  as  a  standardizing  substance  for  solns.  of 757 

Alkali  metal  bromates,  prepn.  and  study  of  the  rarer 1786 

Alkali  metals,  prepn.  of  solid  amalgams  of,  671 ;  search  for,  of  higher  at.  wt.  than  Cs 985 

Alkali  metal  sulfates,  formation  of  addition  compds.  between  100%  H9SO4  and  the  neutral 2131 

Alkyl  bromides,  prepn.  of 299 

Alkylene  bromides,  prepn.  of 299 

Allophanic  acid,  ethyl  ester,  prepn.  of 2303 

Allyl  bromide,  prepn.  of 308 

Allyl  group,  comparison  of  the  activity  of  certain  unsatd.  groups  with  the  activity  of,  in  certain 

ethers 646 

tf-Allyl-tetrahydro-quinoline 1724 

Aluminum,  sepn.  of  Pe  from,  by  pptn.  as  Prussian  blue,  2056;  revision  of  the  at.  wt.  of 2221 

Aluminum  bromide,  analysis  of 2221 

Aluminum  chloride,  condensation  of  BxCl  with  C1H4  in  the  presence  of 2329 

Amalgams,  interaction  of  mixed  salt  solns.  and  liquid,  185;  v.  ps.  of  Cd,  Pb  and  Sn,  545;  electro- 

endosmosis  and  prepn.  of  solid  alkali 671 

Amides,  prepn.  of  substituted,  608;  amide         >    amine  rearrangement 789 

Amines,  food  of  the  small  sea  herring  and  NHi  and,  as  end  products  of  its  decompn,  841.  re- 
searches on,  1704;  alkyl,  as  solvents,  2080;  action  on  the  substituted  ureas  and  urethans. . .  2303 

Amino-acetanilide,  prepn.  of 1704 

Amino-acetanilide  dithiocarbamate,  formation  of 1714 

Amino-acetic  acid,  action  of  aniline  on  hydrochloride  of  ethyl  ester  of 1710 

Amino  acids,  detn.  of,  by  means  of  H  electrode,  173;  esterification  of  alpha 1265 

jfi-Aminobensoic  acid,  prepn.  of  y-  diethylaminopropyl  ester  of 1032 

o-Amino-caproic  acid,  prepn.  of,  320;  deriva.  of 2270 

a-Amino-caprylic  add,  derivs.  of 2275 

o-Amino-cyclohexanol,  prepn.  of 2621 

5-Amino-dihydroquinidine 1487 

5-Amino-dihydroquinine * 1485 

3-Amino-4-ethoxybenzyl  alcohol 2301 

5-Amino-ethyldihydrocupreidine 1488 

5-Amino-ethyldihydrocupreine I486 
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Amlno-lauronic  acid,  derivs.  of 1284 

5-Amfao-8-(£-methoxy-phenylaxo)dihydroquinine 2282 

5-Amino-6-methoxy-8-phenylazo-quinoline 2285 

5-Amino-6-methoxy-quinoline 2285 

5-Amino-optochin 1486 

l-Amlno-phenylacetic  acid,  methyl  ester 130 

£-Amino-phenylacetylurea 133 

5-Ammo-8-phenylazo^ihydroquinidine 2283 

5-Amino-8-phenylazo-dihydroquinine 2280 

5-Amino-8-phenylazo-ethyldihydrocupreine 2283 

5-Amino-8-phenylazo-quinoline 2284 

5-Amino-8-(£-sulfophenylaro)dihydroqumine 2281 

Ammines,  mol.  vol.  relationships  of,  of  some  Co  compds 2483 

Ammonia,  equil.  in  the  system:  NH4CNS-NH1,  69,  266;  v.  p.  of,  206;  food  of  the  small  sea  herring 
and,  and  amines  as  end  products  of  its  decompn.  841 ;  addition  compds.  of,  with  the  NH4 
halides,  1 141 ;  reaction  with  CI,  2167,  2173;  action  on  the  substituted  ureas  and  urethans. . .  2303 

Ammonium  carbonate,  interaction  of  CSi  with 2072 

Ammonium  chloride,  methylamines  from  MeOH  and 2663 

Ammonium  halides,  addition  compds.  of  NHt  with 1 141 

Ammonium  hydroxide,  ionization  of  aq.,  in  the  presence  of  urea 2500 

Ammonium  thiocyanate,  equil.  in  the  system:  NHr-NHUCNS,  69,  266;  detn  .of 2074 

Amyl  alcohol,  prepn.  of , 315 

Amylamine,  prepn.  of 314 

Amylase,  purifying  pancreatic 1900 

Amylolysis,  testing  amylolytic  action  of  diastase  of  Aspergillus  orytae 293 

l-Amyl-6-phenyi-2,4-diketo-hexahydro-cy  anidine 114 

Analysis,  Notes  on  Qual.  (Test  and  MacLaughlin,  book  review),  320;  Introductory  Course  in 
Quant.,  with  Explanatory  Notes,  Stoichiometrics!  Problems  and  Questions  (Smith,  book 
rev.),  322;  Die  Katalyse,  Die  Rolle  der  Katalyse  in  der  Analytischen  Chemie  (Woker,  book 
rev.),  326;  combination  of  fractionation  with  spectrophotometry  in  proximate  org.  1277; 
Qual.  Chem.  (Scott,  book  rev.),  1294;  quant.,  by  comparative  fluorescence,  1350;  Treatise  on 

Qual.  (Clowes,  Coleman,  book  rev.) 1756 

Anesthetics,  relationship  between  chem.  constitution  and  physiol.  action  in  local,  (I)  homoiogs 

of  procaine 1030 

Anhydro- a- hydroxy -bent  yl-phoiphonic  acid,  and  Ba  salt 2344,  2345 

Aniline,  prepn.  of,  from  PhCl 1033 

3-Anllino-5-methylisoxazole 1059 

Antibodies,  chem.  nature  of  bacterial 2654 

Apples,  odorous  constituents  of 1509 

Arachidic  acid,  menthyl  ester 1480 

Arachidic  phenylhydrazide, 1481 

Arginine,  app.  for  detn.  of  N  of 611 

Argon,  at.  wt 327 

Arsanilic  acid,  prepn.  of  primary 828 

Arsenic,  detn.  of  the  electrolytic  potential  and  overvoltage  of,  1569;  electro-analytical  sepn.  of 

Ni  (cobalt)  from 1789 

Arsenic  pentoxide,  equil.  in  system:  CaO-AsuOt-HjO  at  35°  (acid  section) 259 

Arsenic  trichloride,  v.  p.  of 1386 

Arsines,  condensation  of  primary,  with  aldehydes 2375 

Arsphenamine,  hypophosphorous  acid  prepn.  of 2402 

Artichoke,  inulin  in  the  globe 1693 

(4)-Aryl-(l ,4)-sulfonazans,  prepn.  of 1227 

Aspergillus  orytae,  testing  amylolytic  action  of  diastase  of 293 

Asymmetry,  possible,  of  the  aliphatic  diazo  compds 2259 

Atomic  weights,  26th  ann.  rept.  of  Comm.  on — detns.  published  during  1918  and  1919, 327;  rent. 

of  the  Intern.  Comm.  on,  for  1920-21 1761 

Atoms,  stability  of,  as  related  to  the  positive  and  negative  electrons  in  their  nuclei,  and  the  H. 

He,  H«,  Hi  theory  of  at.  structure 1956 

Barbituric  acid,  periodides  of 1258 

Barium,  crystn.  of  Ra-,  soln 889 

Barium  chloride,  heats  of  diln.  of  solns.  of,  and  BaClt-NaCl  mixt 32 

Bases,  constitution  of  the  org.  N,  of  Californian  petroleum 1014 

Benzal-acetophenone,  reaction  with  PCU 830 
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Benzaldehyde,  mechanism  of  the  reaction  of  PCU  with 2337 

Bensamlde  potassium  iodide  periodide 1255 

Benzamidine,  condensation  of,  with  ethyl  r-diethoxy-aceto-acetate 2349 

Benzene,  heat  of  combustion  of,  1614;  reaction  with  nitrophthalic  anhydrides  and  acetyiamino- 
phthalic  anhydrides  and  AlCb,  1871;  fluidities  and  sp.  vols,  of  mixta,  of  benzyl  bensoate 

and ^ 201 1 

Benzenone  chloride,  condensation  of,  with  a-  and  0-naphthol 1867 

Benzil   rearrangement 812 

Benzoic  add,  benzoic  add  ester  of  trichloro-/«rM>utyl  ale.  1502;  heat  of  combustion  of 1614 

Benzotetrahydro-difuran,   sym 163 

Benzotetrahydro-dipyran,   sym 164 

Benzoyl  chloride,  condensation  of,  with  &H4  in  the  presence  of  A1CU 2329 

Benzyl  benzoate,  fluidities  and  sp.  vols,  of  mixts.  of,  and  C«H« 2011 

Benzyl  chloride,  prepn.  of  benzyl  esters  and  other  benzyl  deriva.  from 2059 

Benzyl  cyanide,  ethylatlon  of 134 

Benzyl  derivatives,  prepn.  from  benzyl  chloride 2059 

Benzyl  esters,  prepn.  of,  from  benzyl  chloride 2059 

l-Benzylidene-2-benzyl-semicarbazone,  hydrolysis  of 114 

1-Benzylsemicarbazlde,  prepn.  of 115 

2-Benzylsemicarbazide,  prepn.  of  pure 1 15 

Black  haw,  some  constituents  of • 1744 

Bofling  point,  general,  law  (correction) 106 

Books,  nsw  (Rsvisws):  Condensed  Chem.  Dictionary  (Turner,  Jr.,  Berolzheimer,  Cutter,  and 
Helfrich),  170;  Notes  on  Qual.  Analysis  (Test  and  McLaughlin),  320;  Introductory  Course 
in  Quant.  Analysis  with  Explanatory  Notes,  Stoichiometrics!  Problems  and  Questions 
(Smith),  322;  Chemistry  and  Manuf.  of  H  (Teed),  323;  Recent  Discoveries  in  Inorg.  Chem- 
istry (Hart-Smith),  323;  Die  Wirkungsweise  der  Rektifizier-  und  Distiltier-Apparate;  mit 
Hilfe  einfacher  mathemat.  Betrachtungen  (Hausbrand),  324;  Handbuch  der  Physikalisch- 
Chemischen-Technik  (Arndt),  325;  Die  Katalyse.  Die  Rolle  der  Katalyse  in  der  Analyt- 
ischen  Chemie  (Woker),  326;  Verdampfen,  Kondensieren  und  Kuhlen  (Hausbrand),  666; 
Lehrbuch  der  Physikalischen  Chemie  (Jellinek),  667;  Notions  fondamentales  de  chimie 
organique  (Moureu),  668;  Coal-Tar  Dyes  and  Intermediates  (Barnett),  860;  Realities  of 
Modern  Science  (Mills),  862;  Metals  of  the  Rare  Earths  (Spencer),  1070;  Moi.  Physics 
(Crowther),  1071;  Principles  of  Chemistry  (Hildebrand),  1071;  Lectures  on  the  Principle  of 
Symmetry  and  its  Applications  in  all  Natural  Sciences  (Jaeger),  1072;  Org.  Chem.  Reagents 
(Adams,  Kamm,  Marvel),  1074;  Tech.  Handbook  of  Oils,  Fats  and  Waxes,  Vol.  II.,  Prac- 
tical and  Analytical  (Fryer,  Weston),  1074;  Prepn.  of  Org.  Compds.  (Barnett),  1075;  Die 
thermodynamische  Berechnung  Chemischer  AflSnitaten  von  homogenen  und  heterogenen 
Gasreaktionen  (Cederberg),  1287;  J&ments  de  chimie  generate  (van  Laer),  1288;  Lab.  Direc- 
tions and  Study  Questions  in  Inorg.  Chemistry  (Silverman,  Harvey),  1289;  Inorg.  Chem. 
Synonyms  and  Other  Useful  Chem.  Data  (Darling),  1291 ;  Plant  Products  and  Chem.  Fertilis- 
ers (Collins),  1292;  Qual.  Chem.  Analysis  (Scott).  1294;  Practical  Physiol.  Chemistry  (Hawk). 
1526;  Glossary  of  the  Mining  and  Mineral  Industry  (Fay),  1527;  Elekyochemisches  Prakti- 
kum  (MOller),  1756;  Treatise  on  Qual.  Analysis  (Clowes,  Coleman),  1756;  Chemistry  for 
Public  Health  Students  (Jones),  1757;  Die  Bedeutung  der  Kolloide  fttr  die  Technik  (Arndt), 
1757;  Cours  de  chimie  a  l'usage  des  ftudiants  P.  C.  N.  et  S.  P.  C.  N.  (Forcrand),  1907; 
Catalysis  in  Theory  and  Practice  (Rideal,  Taylor),  1909;  Die  Welt  der  vernachlassig^en 
Dimensionen  (OstwaJd),  1909;  Lab.  Manual  of  Colloid  Chemistry  (Hatschek),  2414;  Stand- 
ards and  Tests  for  Reagent  Chemicals  (Murray),  2414;  Introduction  to  General  Chemistry 
(McCoy,  Terry),  2415;  Chem.  Calcn.  Tables  (Wells),  2417;  Les  colloides  (Dudaux),  2417; 
Die  Leichtfluchtlgen  Bestandteile  im  Magma  (Nlggli),  2686;  La  materialisation  de  l'energie, 
essai  sur  la  theorie  de  la  relativity  et  sur  la  theorie  des  quanta  (Rougier).  2687;  Legal  Chem- 
istry and  Scientific  Chemical  Investigation  (Lucas),  2687;  Solys.  of  Inorg.  and  Org.  Compds. 

(Sddell),  2688;  Everyday  Chemistry  (Vivian) 2689 

Borneol,  reaction  with  HC1 2098 

Boron,  at.   wt 327 

Bromine,  prepn.  of  pure 921,    925 

3-^-Bromo-anilino-5-methyl-isoxazole 1060 

o-Bromocaproic  add,  prepn.  of 319 

6-Bromochromane 162 

4-Bromocoumarane 162 

o-Bromocyclohexylamine,  prepn.  of 2625 

Bromodihydrocupreidme  dihydrobromide 1500 

Bromodihydrocupreine    dihydrobromide 1496 
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m-BnraiodimethylanUlne,  prepn.  of 1855 

m-Bromodimethyl-£-phenylenediamine,  and  dihydrochloride 1856,  1857 

0-Bromo-ethyl  £-bromophenyl  ether. 162 

0-Bromo-ethyl  0-naphthyl  ether 165 

0-Bromo-cthyl-o-tolyl  ether 161 

3-Bromo^hydroxy-l-naphthyldiphenylcarbinol 1869 

3-Bromo-£-naphthofuchsone 1868 

^^-Bromophenoxyethyltrimethylammonium  bromide 649 

fn-Bromophenylmethylnitrosamine 1858 

P-Bromophenyl  propargyl  ether 654 

•y-Bromopropyl  o-tolyl  ether 160 

Buret,  wt.,  for  gas  analysis 1 177 

Butyl  alcohol,  reagents  from,  310;  S  derivs.  of,  856;  heat  of  combustion  of 1614 

lerf-Butyl  alcohols,  derivs.  of  trihalogen 1502 

jrc- Butyl  amine,  derivs.  of 2276 

terf.-Butylbeuzene,  beat  of  combustion  of 1614 

Butyl  bromide,  prepn.  of 305,     310 

Butyl  cyanide,  prepn.  of 311 

Butylmalonic  acid,  ethyl  ester,  prepn.  of , 316 

l-Butyl-6-phenyl-2,4-diketo-hexahydrocyanidine 113 

Butyl  sulfide. . .  A , 857 

Butyl  sulfone 858 

CABBAGE,  mosaic  disease  of,  as  revealed  by  its  N  constituents 1883 

Cadmium,  v.  ps.  of  amalgams  of 545 

Calcium  arsenates,  equil.  in  system:  AssOr-CaO-HtO  at  35°  (acid  section) 259 

Calcium  oxide,  equil.  in  system:  AsjOt-CaO-HiO  at  35°  (acid  section) 259 

Calculations,  Chem.  Calcn.  Tables  (Wells,  book  rev.) 2417 

Calorimeter • 350 

Calorimetry,  procedure  for  detg.  the  heats  of  slow  reactions 1295,  191 1 

Cantaloup,  seed  oil 2398 

Caproic  acid,  prepn.  of 317 

Capsaicin,  constitution  of 597 

Carbazole,  bivalent  N  deriv.  of 2405 

Carbethoxy-amino-acetanilide .• 1718 

Carbethoxvlamino-acetanilide  dithiocarbamate 1715 

Carbimioo  nucleus,  action  of  isocyanic  acid  on  JV-amino  derivs.  of 116 

Carbohydrates,  of  the  pecan 2286 

Carbon,  decolorizing 1564 

Carbon  disulfide,  interaction  of,  with  (NHOtCOs 2072 

Carbon  monoxide,  a  respiration  product 641 

Carbon  tetrachloride,  velocity  of  adsorption  of,  by  charcoal 372 

Carbonyl  compounds,  per^odides  of 1248 

o-Carbox-ethylphenylmethyl-diaxomethane,  attempts  to  prepare 2269 

Castor  bean,  lipolytic  activity  of 620 

Catalysis,  overpotential  and  catalytic  activity,  94;  Die  Katalyse.     Die  Rolle  der  Katalyse  in  der 
Analytischen  Chemie  (Woker,  book  rev),  326;  in  Theory  and  Practice  (Rideal,  Taylor,  book 

rev.) 1909 

Catalysts,  effect  of  surface  oxidation  on  some  metallic,  402,  1286;  prepn.  of,  for  hydrogenation 2617 

Cells,  electrolytic 2501 

Cells,  voltaic,  lead  standard  cell,  676;  measuring  the  e.  m.  f.  of  concn.  cells  of  high  internal  re- 
sistance, 2116;  satd.  KC1  calomel  cell 2434 

Cesium  bromate 1786 

Cesium  dichloro-iodide,  crystal  structure  of 1 100 

Charcoal,  velocity  of  adsorption  of  chloropicrin  and  CCI4  by,  372;  some  properties  of,  391;  be- 
havior of,  with  respect  to  CI,  523 ;  heat  of  absorption  of  vapors  on,  1 146;  adsorption  by . .  1393,  1408 

Chaulmoogra  oil,  fractionation  of 2626 

Chemical  action,  radiation  as  a  factor  in 2190 

Chemical  constitution,  electronic,  of  normal  C  chain  compds.,  503;  relationship  between,  and 

physiol.  action  in  local  anesthetics  (I)  homologs  of  procaine 1030 

Chemical  data,  Inorg.  Chem.  Synonyms  and  Other  Useful  (Darling,  book  rev.) 1291 

Chemicals,  org.  chem.  reagents,  299,  310;  Standards  and  Tests  for  Reagent  (Murray,  book  rev.)  .2414 

Chemistry,  Principles  of  (Hildebrand,  book  rev.),  1071;  lhements  de  chimie  generate  (van  Laer,  ' 
book  rev.),  1288;  for  Public  Health  Students  (Jones,  book  rev.),  1757;  Court  de  chimie  A 
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1'usage  des  ftudiants  P.  C.  N.  et  S.  P.  C.  N.  (Forcrand,  book  rev.),  1907;  Introduction  to 
General  (McCoy,  Terry,  book  rev.).  2415;  Legal,  and  Scientific  Criminal  Investigation 

(Lucas,  book  rev.),  2687;  Everyday  (Vivian,  book  rev% 2689 

Chenopodium,  contpn.  of  oil  of,  from  various  sources 1204 

Chloral,  prepn.  of  dichloro-acetic  acid  from 4 2251 

Chlorate  ion,  free  energy  of 896 

Chloretone.     See  Trickloro-Urt-butyl  alcohol. 

Chloric  acid,  detn.  of  equil.  between  CI,  water,  HC1  and 896 

Chlorine,  detn.  of,  with  nephelometer,  251;  behavior  of  charcoal  with  respect  to,  523;  detn.  of 
equil.  between  CI,  water,  HC1  and  chloric  acid,  896;  equil.  between,  and  plumbous  and 

plumbic  chlorides  in  aq.  soln.,  1335;  electron  affinity  of,  1832;  reaction  with  NHi 2167,  2173 

Chloro-ftcetyl-o-cnloro-cyclohexyl»mine,  prepn.  of 2624 

o-Chloro-cyclohexanol,  prepn.  of 2621 

o-Chloro-cyclohexanone,  and  oxime  prepn.  of 261 8 

o-Chloro-cyclohexylamine,  prepn.  of 2622 

Chloro-dihydroquinidme 1497 

Chloro-dihydroquinine 1491 

3-Chlor»4-hydrozy-l-naphthyldiphenylcarbinot 1869 

Chloro-lodo-ethylene,  I  in,  991;  sym 1004 

3-Chloro-£-naphthofuchsone 1 868 

Chloropicrin,  velocity  of  adsorption  of,  by  charcoal,  372;  v.  p.  of 1386 

Chloroquinidine    hydrochloride 1501 

Chloro-tetra-acetyl-fructose,  cryst.,  and  related  derivs 1 846 

£-Chloro-tetraphenyl-ethylene,  mol.  compds.  of. 2091 

Chromanes,  syntheses  of 1 57 

Cinchona  series,  syntheses,   in 1481 ,  1489,  2278 

Clay,  coagulation  of,  suspensions 460 

Cobalt,  effect  of  surface  oxidation  on  catalytic  properties  of,  407;  electroanalytical  sepn.  from  As.  1 789 
Cobaltammines,  stability  of,  2024;  mol.  vol.  relationships  of — subsidiary  group  mobility  as  studied 

by  the  heat  decompn.  of  some 2483 

Cobalt  compounds,  mol.  vol.  relationships  of  the  hydrates  and  ammines  of 2483 

Cobalt  fluoride,  chemistry  and  crystallography  of 24 19 

Cockle-bur,  oil 1507 

Colloid  chemistry.  Lab.  Manual  of  (Hatschek,  book  rev.) 24 14 

Colloids,  colloidal  electrolytes — soap  solns.  and  their  constitution,  426;  catalytic  hydrogenatioti 
with  protected  hydrosols,  749;  Dei  Bedeutung  der  Kolloide  for  die  Technik  (Arndt,  book 
rev.),  1757;  Dei  Welt  der  vernachlassigten  Dimensionen  (Ostwald,  book  rev.),  1909;  colloidal 

adsorption,  2142;  Les  coUoides  (Dudaux,  book  rev.) 2417 

Columbium,  at.  wt » 327 

Combustion.     See  Heal  of  combustion. 

Compressibility,  of  In 49 

Condensation,  Verdampfen,  Kondensieren  und  Kuhlen  (Hausbrand,  book  rev.) 666 

Condition  equation,  for  liquids  and  vapors  (I)  vapor  phase  of  ethyl  ether 106 

Conductance,  electric,  form  of  conductance  function  in  dil.  solns 1 ,  990 

Conductivity,  electric,  extrapolation  of  cond.  data  to  xero  concn,  1077,  1087,  1090;  and  fre- 
quency, 1648;  of  solns.  in  certain  amines 2454 

Cooling,  Verdampfen,  Kondensieren  und  'Kuhlen  (Hausbrand,  book  rev .) 666 

Copper  fluoride,  chemistry  and  crystallography  of 2419 

Copper  oxides,  system:  CuO-CusO-Oi 2582 

Cottonseed  oil,  chem.  compn.  of 1 197 

Coumarans,  syntheses  of 1 57 

0-CresoIphthaleiu,  action  of  Hg(OAc)s  on 2364 

Cresol  red,  salt  error  of 2160 

Crystals,  aq,  pressure  of  some  hydrated 419 

Cumarin  potassium  iodide  periodide 1 252 

Cumin  alcohol,  reaction  with  HC1 2098 

Cy ano-acetyl-o-chloro-cyclohexylamine,  prepn.  of 2624 

Cyanogen  bromide,  v.  p.  of 1386 

3-Cyano-4-methoxy  benxyi    alcohol 2302 

Cyclohexane,  prepn.  of  certain  derivs.  of 2616 

Cydohexanol,  heat  of  combustion  of,  1614;  reaction  with  HC1,  2097;  prepn.  of 2617 

Cyclohexanone,  prepn.  of 261 8 

Cyclohexene,  prepn.  of 2620 

Cyclohexylamine,  prepn.  of, 2619 

£-Cymene,  as  a  solvent 1842 
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DEHYDRATING  AGENT,  perchloric  add  as,  In  the  detn.  of  silica 2208 

Density,  app.  for  detg • 2459 

3,3'-Diamhu>-4,4'-dihydroxy-arsenobenze*e  dihydrochJoride.     See  ArsPkenamine. 

Diastase,  method  of  testing  amylolytic  action  of,  of  Aspergillus  oryta* 293 

Diazo  compounds,  possible  asymmetry  of  the  aliphatic 2259 

o-Dibromo-Bindschedler's  green , 1857 

Dibromofluorescein,  action  of  Hg(OAc)t  on 2364 

Dtchloro-acetic  acid,  prepn.  from  chloral 2251 

f-Dlchlorobenzene,  derivs.  of 145 

0,0'-Dichloro-ethyi  sulfide,  detn.  of  traces  of,  in  air,  266;  reactions  and  derivs.  of,  1208,  1839;  f.  p. 

soly.  curve  for  S  and,  1377;  d.  and  coeff.  of  expansion  of 1382 

Dichloro-ethyl  sulfone 1213 

0,0'-Dichloro-ethyl  sulfoxide 1210 

2,5-Dichloro-4-nitrobenzene8ulfonic  add,  and  salts 149 

Dictionary,  Condensed  Chem.  (Turner,  Jr.,  Berolzbeimer,  Cutter  and  Helfrich,  book  review). .  170 

Dicyanine  A,  synthesisjof 2392 

Dielectric  constant,  of  Se  oxychloride 2607 

7-Diethoxy-  acetoacetic  add,  condensation  of  bcnxamidim  with  ethyl  ester  of 2349 

7-Diethoxy-acetoacetylbenzamidine,     rearrangement    of,       into    2-phenyl-4-diethoxymethyl-6- 

oxypyrimidine 2354 

7-Diethoxy-^-benxamidino-crotonyl-benzamidine 2352 

Dkthylamine,  cond.  and  viscosity  of  solns.  in •  2454 

Diethylammonium  mercuric  iodide. 138 

Diethylbarbituric  acid  potassium  iodide  periodide 1260 

Digitalis,  some  of  the  important  constituents  of 1893 

DiglycoUmidic  acid,  di(phenylamide)  of 1707 

Dihydrocupreane,  and  derivs 1494 

Dihydrocupreidane,  and  derivs 1499 

Dihydro-desoxyquinidine,  and  derivs 1489 

Dihydro-desoxyquinine,  and  derivs 1489 

Dihydroquinane,  and  methiodide 1492,  1494 

Dihydroquinidane,  and  derivs 1497 

Di-a-hydroxy-benz>lphenylarsine 2377 

Di-a-hydroxy-butylphenylarsine 2376 

<tf-2,3-Dihydroxy-butyric  acid,  resolution  of,  into  the  optically  active  components — derivs.  of 

these  acids 2314 

Di-0-hydroxy-ethylaniline 1725 

Di-0-hydroxy  -ethyl  m-phenylene  ether 163 

Di- 7 -hydroxy -propyl  aniline,  prepn.  of % 1723 

Di-7-hydroxy -propyl  m-phenylene  ether 163 

2(3,4-Dihydroxy-st>r>l)quinoline,  and  methiodide 2313 

4,4'-Dihydroxy-triphenyl-a-naphthylmethane 1882 

Di-iodoacetylene,  lin 991 

Di-isoamyl,  heat  of  combustion  of 1614 

M-Diketones,  addition  of,  to  isothiocy  anates 1055 

Dilution.     (See  also  Heat  of  Dilution.);  free  energy  of,  and  the  transference  numbers  of  LiCl 

solns 1117,  1455 

Dimethylamine,  cond.  and  viscosity  of  solns.  in 2454 

Dimethylammonium  mercuric  iodide 137 

Dimethylaniline,  condensation  with  2,4-(NOi)tC«HsCHO '. 855 

2,4-Dimethyl-6-ethoxyquinoline,  and  methiodide 2392,  2393 

Dimethyl-oxanilide,  derivs.  of 2373 

Dimethyl-propyl  carbinol,  and  some  of  its  derivs 2670 

2,4-Dinitro-benzaldehyde,  some  derivs.  of,  849;  condensation  with  PhNMes 855 

2,4-Dinitro-benxalmetanilic  acid,  sodium  salt 855 

2,4-Dinitro-benzalnaphthionic  add,  sodium  salt 855 

2,4-Dinitro-benzal-3-nitro-4-toluidine 853 

2,4-Dinitro-benzalpseudocumidine 854 

2,4-Dinitro-benzalsulfanilic  acid,  sodium  salt 854 

2,4-Dinitro-benzal-m-toluidine 853 

2,4-Dinitro-benxaM,3l4-xylidine 853 

Diphenylamine  reaction,  color  changes  of 1245 

Diphenyl-amino-tetramercuric   chloride I860 

Diphenyl-chloro-arsine,  v.  p.  of v 1386 
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Diphenyl-2-hydroxy- 1 -naphthylcarbinol,   tautomerism  in 1864 

Diphenyl-4-hydroxy-l-naphthyl  carbinol,  tautomerism  in 1864 

Diphenyl-1 -naphthylcarbinol 1883 

Dtphenylpiperazine 1725 

Dissociation  pressures,  explanation  of  an  apparent  anomaly  in  the  results  of  measurement  of . . . .  1951 

Dissolution.     See  Heat  of  Solution. 

Distillation  apparatus.  Die  Wirkungsweise  der  Rektifizier-  und  Dlstillier-Apparate;  mit  Hilfe  eia- 

facher  mathemat.     Betrachtungen  (Hausbrand,  book  rev.) 1 324 

Drying  ovens,  equipment  for .* 1454 

Dyes,  Coal-Tar,  and  Intermediates  (Barnett,  book  rev.),  860;  amino-azo  and  hydroxy -azo,  derived 
from  certain  5-amino  cinchona  alkaloids  and  their,  quinoline  analogs.  2278;  iaocyanine,  from 

lepidine  and  iU  homologs,  2389;  synthesis  of  photosensitixing,  2392;  photoaensitixing 2661 

EKA-CESIUM,  985;  search  for 1985 

Eka-iodine,  search  for 1985 

Electric  current,  cond.  and  frequency 1648 

Electrochemistry,  Elektrochemisches  Praktikum  (MQller,  book  rev.) 1756 

Electrode,  hydrogen,  45;  hydrogen,  detn.  of  amino  acids  by  means  of,  173;  potential  of  the  nor- 
mal calomel 1 1 28 

Electrolytes,  ionization  and  activity  of  largely  ionized  substances,  239;  colloidal — soap  solus, 
and  their  constitution,  426;  activities  of  the  ions  in  solns.  of  mixed,  497;  activities  of  the  ions 
in  aq.  solns.  of  some  "strong,"  1 556;  thermodynamic  properties  of  the  ions  of  some  strong. . .    1 808 
Electrons,  a  force,  apparently  due  to  mass,  acting  on,  1328;  affinity  of  CI,  1832,  stability  of  atoms 

as  related  to  the  positive  and  negative,  in  their  nuclei .' 1956 

Elements,  existence  of,  of  higher  at.  number  than  U 1985 

Emulsifying  agent,  gelatin  as 2049 

End  osmosis,  electro,  and  prepn.  of  solid  alkali  amalgams 671 

Energy,  free,  of  KOH  in  aq.  solo,  and  the  activities  of  its  ions,  488;  free,  of  the  chlorate  ion,  896, 

free,  of  diln.  and  the  transference  numbers  of  LiCl  solns.,  1117,  1455;  surface,  of  Hg  and  the 

energy  relations  at  the  interface  between  Hg  and  other  liquids,  2539;  La  materialisation  de 

I'energie,  essai  sur  la  theorie  de  la  relativity  et  sur  la  theorie  des  quanta  (Rougier,  book  rev) .  -   2687 

Entropy,  of  gases,  1185;  third  law  of  thermodynamics  and  the,  of  solns.  and  of  liquids,  1529; 

changes  at  low  temps 1533.  1542 

Enzyme,  properties  of  a  specially  prepd.  enzymic  ext.',  poryxime 1 261 

Equation  of  state.     See  Condition  equation. 

Equilibrium,  heterogeneous,  between  aq.  and  metallic  solns.,  185;  conditions  of  reaction  between 

Ag»Sand  Ht 246 

Erythrodextrin,  individuality  of 2673 

Ester,  viscosity  of  liquids  (IV)  ideal  mixta,  of  the  types  ether-ether  and  ester-ester 1776 

Esterification,  of  alpha  ami&o  adds 1 265 

Ethers,  comparison  of  the  activity  of  certain  unsatd.  groups  with  the  activity  of  the  ailyl  group 

in  certain,  646;  viscosity  of  liquids  (IV)  ideal  mixta,  of  the  types  ether-ether  and  ester-ester. .    1 776 

2-Ethoxy-5-hydroxy-methylbenzene-diasonium  chloride 2302 

£-Ethoxylepidine,  prepn.  of 2397 

Ethyl  alcohol,  entropy  changes  at  low  temps.  (II)  ethyl  and  propyl  ales,  and  their  equal  molal 

mixt,  1542;  heat  of  combustion  of 1614 

Ethytamine,  cond.  and  viscosity  of  solns.  in 2454 

Ethyl  bromide,  prepn.  of 307 

Ethyl-dihydrocupreane  hydrochloride 1496 

Ethylene,  mechanism  of  reaction  with  SrCb,  585;  condensation  of  BzCl  with,  in  the  presence  of 

AlClt 2329 

Ethylene  bromohydrin,  reaction  with  HC1 2095 

Ethylene  glycol,  reaction  with  HC1 2095 

0-Ethylfructoside,  prepn.  of 1852 

Evaporation,  Verdampfen,  Kondensieren  und  Kuhlen  (Hausbrand,  book  rev.) 666 

FATS,  Tech.  Handbook  of.  Vol.  II.     Practical  and  Analytical  (Fryer,  Weston,  book  rev.);  1074; 

associated  with  starch 1726 

Patty  acids,  menthol  and  phenylhydrazine  derivs.  of  the  higher 1478 

Fertilizers,  Plant  Products  and  Chem.  (CoUins,  book  rev.) 1292 

Fibrin,  comparative  hydrolysis  of,  and  gelatin  in  presence  of  various  aldehydes 632 

Fluidity,  and  sp.  vols,  of  mixts.  of  benzyl  benzoate  and  C«H« 201 1 

Fluoremetry 1350 

Fluorescein,  action  of  HgO  and  of  Hg(OAc)t  on 2360,  2363 
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Fluorescence,  quant,  analysis  by  comparative,  1350;  X-ray,  of  certain  org.  compds 1997 

Fluorides,  chemistry  and  crystallography  of  some. .    2419 

Force,  apparently  due  to  mass,  acting  on  an  electron 1328 

Formaldehyde,  prepn.  of,  867;  condensation  of.  with  o-nitrophenol 2288 

Formic  acid,  entropy  changes  at  low  temps.  (I)  formic  acid  and  urea 1533 

Friedel  and  Crafts*  reaction 187 1 

Fructose,  sp.  rotation  of 1696 

2-(0-Furfurylvinyl)quinoline,  and  methiodide 2310 

Gallium,  at.  wt 327 

Gas  analysis,  wt.  buret  for *. 1 177 

Gases,  pressure  measurements  of  corrosive,  1131;  entropy  of,  1185;  Die  thermodynamische 
Berechnung    Chemischer    Affinitfiten    von    homogenen    und    heterogenen    Gasrealctionen 

(Cederberg,  book  rev.) 1 287 

Gelatin,  comparative  hydrolysis  of  fibrin  and,  in  presence  of  various  aldehydes,  632;  as  an  emulsi- 
fying agent 2049 

Glass,  joints  to  metal 1364 

Glycerol,  absorption  spectra  of  the  nitric  esters  of,  1321 ;  reaction  with  HC1  and  HBr 2096 

Glycine.     See  Amino-acetic  acid. 

cr,0-Glycols,  rearrangements  in 794,     808 

Gold,  effect  of  surface  oxidation  on  catalytic  properties  of 407 

Gold  numbers,  of  protalbinic  and  lysalbinic  acids 595 

Grignard  reagent,  mechanism  of  the  reaction  with  ketenes,  1010;  action  of,  on  thiocyanates,  2369; 

oxidation  of 2650 

HALOGENS,  Cu  flame  test  for,  in  air,  78;  detn.  of,  in  org.  substances,  333,  1573;  positive,  in  org. 

compds 99 1 

Heat,  partial  molal,  content  of  the  constituents  in  aq.  solns.  of  NaCl 347 

Heat  of  absorption,  of  vapors  on  charcoal 1 146 

Heat  of  combustion,  of  C«H«,  toluene,  aliphatic  ales.,  cyclohexanol  and  other  C  compds 1599 

Heat  of  dilution,  of  certain  aq.  salt  solns.,  18;  of  solns.  of  BaCls  and  BaClt-NaCl  mixt 32 

Heat  of  inversion,  of  sucrose  by  acid 1911 

Heat  of  reactions,  cal or i metric  procedure  for  detg 1295,  191 1 

Heat  of  solution,  and  the  partial  molal  heat  content  of  the  constituents  in  aq.  solns.  of  NaCl. ...  347 

Herring,  food  of  the  small  sea,  and  NHa  and  amines  as  end  products  of  its  decompn 841 

Honey,  occurrence  of  melezitose  in 116 

Humin,  origin  of,  formed  by  acid  hydrolysis  of  proteins 632,  821,  2378 

Hydration,  as  an  explanation  of  the  neutral  salt  effect 715 

Hydrazines,  prepn.  of  optically  active 2322 

Hydrobromic  acid,  prepn.  of,  303;  sepn.  from  HC1,  305;  reaction  with  ales * 2093 

Hydrocarbons,  thermochemistry  of,  according  to  P.  W.  Zubow's  data 1312 

Hydrochloric  acid,  reaction  with  KMnO«,  237;  sepn.  from  HBr,  305;  detn.  of  equil.  between  CI, 
water,  HC1  and  chloric  acid,  896;  sp.  heat  of,  1621;  thermodynamic  properties  of  H  ion  in 
solns.  of  10th  molal,  contg.  uni-univalent  salts,  1808;  ionization  potential  of,  1832,  reaction 

with  ales 2093 

Hydrogen,  electrode,  45;  electrode,  detn.  of  amino  acids  by  means  of,  173;  equil.  conditions  of  re* 
action  with  AgjS,  246;  Chemistry  and  Manuf.  of  (Teed,  book  rev.),  323;  triatomic,  930;  over- 
voltage 2007,  2233 

Hydrogenation,  of  oils,  407,  catalytic,  with  protected  hydrosols 749 

Hydrogen  ion,  relation  between  the  total  acidity,  the  concn.  of,  and  the  taste  of  acid  soma,  712; 
thermodynamic  properties  of,  in  solns.  of  0.1   molal  HC1  contg.  uni-univalent  salts,  1808; 

detn.  of,  concn.  in  pure  water 2116 

Hydrogen  peroxide,  activation  of,  by  light,  720;  properties  of  pure 2548,  2569 

Hydrolysis,  successive  stages  of,  of  triacetin 1455 

Hydrosols.     See  Colloids. 

Hydroxy  benzyl -phosphonic  acid,  aniline  salt  of 2343 

£-Hydroxydiphenyl-l-naphthyl  carbinol,  tautomerism  in 1879 

0-Hydroxy-ethylaniline 1725 

0-Hydroxy-ethyl  £-bromophenyl  ether 163 

0-Hydroxy-ethyl  0-naphthyl  ether 164 

0-Hydroxy -ethyl  o-tolyl  ether 161 

Hydroxylammonium  derivatives,  nonexistence  of  valence  and  electronic  isomerism  in 1 232 

5-Hydroxy-6-methoxy-8-phen>lazoquinoline 2285 

2(4~Hydroxy-3-methoxystyryl)quinoline  methiodide 2312 
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l-Hydroxy-fn-oitrophenyl  carbinol,  prepn  of,  and  Hg  compd.  of 2683 

5-Hydroxy-8-phenylazo-dlhydroquiniue 2280 

5-Hydroxy-8-phenylazo-ethyldihydrocupreine 2284 

5-Hydroxy-8-phenylazo-quinoline 2284 

Y-Hydroxy-propylaniline,  prepn.  of . 1723 

7- Hydroxy -propyl  £-bromophenyl  ether 162 

7-Hydrosy-propyl  0-naphthyl  ether 164 

iV-7-Hydroxy-propyl-tetrahydroquinoline *. . . .  1724 

«y-Hydroxy-propyl  o-tolyl  ether 160 

2(2-Hydroxy-styryl)quinoline  methiodide 231 1 

2(4-Hydroxy-styryl)qulnoline  methiodide 2312 

5-Hydroxy-8-(^-sulfophenylazo)dihydroquinioe 2281 

Hypobromite,  prepn.  of  standard,  soln 2647 

INDICATORS,  methiodides  of  the  condensation  products  of  some  cyclic  aldehydes  with  quin- 

aldine  and  a-picoline,  and  their  possible  value  as,  in  acidimetry 2309 

Indium,  compressibility  of 49 

Inorganic  chemistry ,  Recent  Discoveries  in  (Hart-Smith,  book  review),  323;  Lab.  Directions 

and  Study  Questions  in  (Silverman,  Harvey,  book  review) 1289 

Intermediates,  Coal-Tar  Dyes  and  (Barnett,  book  review) 860 

Inulin,  in  the  globe  artichoke 1693 

Inversion.     See  Heat  0/  inversion. 

Iodic  acid,  prepn.  of 1636 

Iodic  anhydride,  prepn.  of 1 636 

Iodine,  in  diiodoacetylene  and  chloro-iodo-ethylene,  991;  soly.  relations  of  CisHt  and.  in  the 

various  solvents 2 180 

Iodine  monochloride,  from  N  iodide 1009 

Iodine  trichloride,  prepn.  of 1009 

Iodochloride-l-chloro-2,2-cMoro-iodo-ethylene 1004 

l-Iodochloride-2-chloro-ethylene 1006 

Iodochtoride-l,2-dichloro-2-iodo-ethylene 1002 

Iodohydrols,  rearrangements  in  aryl 811 

Ionixation,  electrolytic,  of  Na  and  K  chlorides,  bromides  and  iodides  in  mixts.,  185;  and  activity 
of  largely  ionized  substances,  239;  polarity  and,  from  the  standpoint  of  the  Lewis  theory 

of  valence,  1419;  of  aq.  NH4OH  in  the  presence  of  urea 2500 

Ionixation,  gaseous,  potential  of  HO  and  electron  affinity  of  CI 1832 

Ions,  electrolytic,  free  energy  of  KOH  in  aq.  soln.  and  the  activities  of  its  ions,  488;  activities 
of,  in  solns.  of  mixed  electrolytes,  497;  activities  of,  in  aq.  solns.  of  some  "strong**  elec- 
trolytes, 1556;  thermodynamic  properties  of  the,  of  some  strong  electrolytes 1808 

Iron,  sepn.  from  Al\y  pptn.  as  Prussian  blue 2056 

Iso-amyl  bromide,  prepn.  of 306 

Isohutyl  alcohol,  heat  of  combustion  of 1614 

Isocyanic  acid,  condensation  with  alkyl  Schiff  bases  and  related  compds.,  107;  action  on  N- 

amino  derivs.  of  carbimino  nucleus 116 

Isomerism,  nonexistence  of  valence  and  electronic,  in  hydroxylammonium  derivs 1232 

Isothiocyanates,  addition  of  1 ,3-diketones  to,  1055;  thiocyanates  and 1711 

Isotopes.  non-Identity  of,  in  spectra  and  other  properties,  1328;  m.  ps,  and  thermo-elec.  be- 
havior of  Pb 1550 

JULOLIDINE 1 724 

KBTENES,  mechanism  of  reaction  with  Grignard  reagent! 1010 

a-Ketobutyric  acid,  methylanilide  of 2374 

Kinetics,  statistical  mechanics  applied  to  chem 2506 

Kryptocyanines 2661 

LAURIC  ACID,  menthyl  ester 1478 

Lauryl  bromide,  prepn.  of 309 

Law,  undamped  oscillations  derived  from,  of  mass  action .  1595 

Lead,  v.  ps.  of  amalgams  of,  545;  at.  wt.  of,  from  a  Japanese  radioactive  mineral,  928;  m.  ps. 

and  thermo-elec.  behavior  of,  isotopes 1550 

Lead  chlorides,  equil.  between  CI  and,  in  aq.  soln 1335 

Lead  tripotassium  hydrogen  octafluoride,  prepn.  of * , 1309 
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Lepidine,  isocyanine  dyes  from,  and  its  homologs,  2389;  prepn.  of,  sad  related  bases 2396 

Light,  activation  of  HiOi  by 720 

Upolysis,  lipolytic  activity  of  the  castor  and  soy  bean 620 

Liquids,  reproducible  liquid  junction  potentials:  the  flowing  junction,  229;  adhesionsl  work 
between  org.,  and  water,  700;  third  law  of  thermodynamics  and  the  entropy  of,  1529; 
viscosity  of,  1776;  adhesional  work  between  Hg  and  org.,  2534;  energy  relations  at  the 

interface  between  Hg  and  other 2539 

Lithium  chloride,  free  energy  of  diln.  and  the  transference  numbers  of,  solns 1117,  1455 

Lysalbinic  acid,  gold  number  of 595 

MAGMA,  Die  Leichtfluchtigen  Bestandteile  im  (Niggli,  book  review) 2686 

Magnesium  chloride,  sepn.  from  NaCl  and  KC1 1618 

Malonic  acid,  chloro-hexahydro-anilide  of 2624 

Mandeiic  acid,  attempts  to  prep,  /-ethyl  ester  of 2268 

Manganese  fluoride,  chemistry  and  crystallography  of 2419 

Mannite,  v.  p.  of  aq.  solns.  of 1793 

Manometers,  210;  for  vacuum  distn 786 

Mass  action,  undamped  oscillations  derived  from  the  law  of 1595 

Mechanics,  statistical,  applied  to  chem.  kinetics 2505 

Melesitose,  occurrence  in  honey,  1 16;  crystallography  of 1 26 

Menthol,  derivs.  of  the  higher  fatty  acids,  1478;  reaction  with  HO 2097 

^,o/)'-3-Mercuric-chloride-dinitro(??)-  diphenylamine 1863 

Mercuric  oxide,  soly.  of,  in  NaOH  solns 368 

3,3'-Mercurimercaziiie 1861 

Mercuri-organic  derivatives,  aromatic 1855 

Mercurous  chloride,  potential  of  the  normal,  electrode,  1 128;  satd.  KC1,  cell 2434 

Mercury,  adhesional  work  between,  and  org.  liquids,  2534;  surface  energy  of,  and  the  energy 

relations  at  the  interface  between,  and  other  liquids 2539 

Mercury-bis-3-dinitro(?)-mercazine. 1863 

Mercury  compounds,  phthaleins,  2355;  of  some  phenyl  carbinols 2678 

Metabolism,  function  of  vitamines  in,  of  Scltroiinia  dnerea 549 

Metals,  joints  to  glass,  1364;  use  of  org.  solvents  in  the  quant,  sepn.  of 1618 

2-Methoxy-54iydroxy-methylbenxenediazonium  chloride 2301 

Methyl  alcohol,  heat  of  combustion  of,  1614;  methyl  amines  from,  and  NH4CI 2663 

Methylamines,  from  MeOH  and  NH4CI 2663 

Methyl-2-bromo-2-pentane 2671 

Methyl-2-chloro-2-pentane 2672 

8-Methylchromane 160 

6-Methylcoumarane 162 

Methyl  •dfchloro-arsine,  v.  p.  of 1386 

2(3.4-Methylene-dioxystyryl)pyridine  methiodide 2311 

a-Methylfructoside,  efforts  to  prepare 1853 

Methyl  oxalate  potassium  iodide  periodide 1254 

£-Methylphenoxy-acetonitrile 655 

Methylphthalimidine,  derivs.  of 2269 

Millet,  proso 658 

Mineral  industry,  Glossary  of  the  Mining  and  (Pay,  book  review) 1527 

Mining,  Glossary  of  the,  and  Mineral  Industry  (Pay,  book  review) 1527 

Molecular  attraction,  surface  tension  and 2534 

Molecular  compounds,  org 2085 

Molecular  volume,  relationships  of  the  hydrates  and  ammines  of  some  Co  compds 2483 

Molecules,  orientation  of,  in  surfaces 700 

Mosaic  disease,  of  spinach  as  characterised  by  its  N  constituents,  1061 ;  of  cabbage  as  revealed 

by  its  N  constituents 1883 

Muscarine,  synthetic 1670 

Mustard  gas.     See  fi.fi' -Dichloroethyl  sulfide. 

Myristic  acid,  menthyl  ester 1479 

a-NAPHTHALDEHYDB.  prepn.  of 1659 

Naphthalene,  heat  of  combustion  of,  1614;  soly.  relations  of,  and  I  in  the  various  solvents 2180 

a-Naphthamide 1662 

0-Naphtho-dihydrofuran 164 

0-Naphtbo-dihydropyran 164 

o-(I)-Naphtho-fuchsone-(2) 1868 

#»Naphtho-fuchsone 1867 
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Naphtho-fuchsones,  HC1  addition  compels,  of 1869 

Naphthol,  condensation  of  benzenone  chloride  with 1867 

a-Naphthonitrile 1661 

a-Naphthylacrylic  add,  and  ethyl  ester 1664.  1666 

a-Naphthyl-a,0-dibromo-acry1ic  acid 1666 

a-Naphthylmethyl  alcohol 1662 

a-Naphthylphenyl  ketone  chloride. 1881 

a-Naphthylphenyl-quinomethane 1881 

o-Naphthylpropiolic  acid,  action  of  acetic  anhydride  on 1656 

Nephelometer,  detn.  of  CI  with,  251;  in  detn.  of  (ClCHiCH»)*S 268 

Neutral  salt  effect,  hydration  as  an  explanation  of 715 

Nickel,  electro-analytical  sepn.  from  As 1789 

Nickel  fluoride,  chemistry  and  crystallography  of 2419 

Nitration,  decompn.  of  HNOa  in  org 2665 

Nitric  acid,  decompn.  of,  in  org.  nitrations *. 2665 

o-Nitrobenzoic  acid,  prepn.  of . . . .  * 1475 

£-Nitrobensoic  oxalic  anhydride 605 

5-Nitrodihydroquinane 1488 

5-Nitrodihydroquinine 1483 

5-Nitrodihydroquinine  sulfonic  acid 1483 

3-Nitro-4-ethoxybenzyl  alcohol 2300 

5-Nitro-ethyldihydrocupreidine 1488 

5-Nitro-ethyldihydrocupreine 1486 

Nitrogen,  at.,  wt.,  327;  app.  for  detn.  of  arginlne,  611;  bivalent,  deriv.  of  carbasole,  2405;  iodo- 

metric  detA  of  amino,  in  org.  substances 2646 

Nitrogen  compounds,  octet  theory  of  valence  and  its  applications  to  org.,  274;  constitution  of 

the  org.  N  bases  of  Califomian  petroleum 1014 

Nitrogen  pentoxide,  v.  p.  of 1 131 

3-Nitro-2-hydroxybenzyl  alcohol 2295 

3-Nitro-4-hydroxybenzyl  alcohol,  2292;  derivs.  of 2297 

3-Nitro-2-methoxybenzoic  acid 2296 

3-Nitro-2-methoxybenzyl  alcohol 2296 

5-Nitro-optochin 1486 

o-Nitrophenol,  condensation  of  CHjO  with 2288 

Nitrophthalic  acids,  prepn.  of 1872 

Nitrophthalic  anhydrides,  reaction  with  CtHt  and  AlCb 1871 

^Nitro-soaniline-o-mercuric  chloride 1860 

p-Nitroso-m-bromo-dimethyl-aniline 1856 

£-Nitrcso-m-bromo-monomethyl-aniline. ^ 1859 

Nitroso  compounds,  decompn.  of,  (II) 1280 

£-Nitrosophenol-o-mercuric  chloride 1859 

OCTET  THEOR0k  of  valence  and  its  applications  with  special  reference  to  org.  N.  compds. ...  274 

Octyl  bromide,  prepn.  of 309 

Oils,  compn.  of  Hubbard  squash  seed,  152;  okra  seed,  166;  hydrogenation  of,  407;  of  proao 
millet,  658;  Tech.  Handbook  of,  Vol.  II.  Practical  and  Analytical  (Fryer,  Weston,  book 
review),  1074;  compn.  of,   of  chenopodium  from  various  sources,  1204;  of  Rubieva  multijlda, 

1286;  cockle-bur,  1507;  cantaloup  seed - 2398 

Okra,  seed  oil 166 

Organic  chemistry,  Notions  fondamentales  de  chimie  organique  (Moureu,  book  review) 668 

Organic  compounds,  electronic  constitution  of  normal  C  chain  compds.,  503;  positive  halogen 
in,  991;  Prepn.  of  (Barnett,  book  review),  1075;  restatement  and  correction  of  the  thermo- 
chem.  data  on.  (I)  data  of  P.  W.  Zubow,  1092;  detn.  of  halogen  in,  1573;  X-ray  fluorescence 

cf  certain,  1997;  molecular 2085 

Organic  substances,  iodometric  detn.  of  amino  N  in 2646 

Oscillations,  undamped,  derived  from  the  law  of  mass  action 1595 

Overvoltage  and  catalytic  activity,  94;  detn.  of  electrolytic  potential  and,  of  As,  1569;  H  2007,  2233 

Oxalic  acid.  aq.  pressure  of  hydrated,  419;  color  test  for 1784 

Oxalyl  bromide,  use  fo«  producing  acid  chlorides,  acid  bromides  or  acid  anhydrides  (III) 599 

Oxalyl  chloride,  use  of,  for  producing  acid  chlotldes,  acid  bromides  or  acid  anhydrides  (III)  ....  599 

Oxidation,  effect  of  surface,  on  some  metallic  catalysts 402,  1286 

Oxygen,  system:  CuO-CmO-0 2582 

PALMITIC  ACID,  menthyl  ester 1479 
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Palmitic  phenylhydrazide 1480 

Pancreas,  purifying  amylase  of 1900 

Pecan,  carbohydrates  of 2286 

Perchloric  acid,  as  a  dehydrating  agent  in  the  detn.  of  silica 2208 

Periodic  system,  new 1983 

Per  iodides,  of  carbonyl  compds 1248 

Peroxidase,  significance  of  the,  reaction  with  reference  to  the  viability  of  seeds 612 

Petroleum,  genesis  of,  as  revealed  by  its  N  constituents,  548;  constitution  of  the  org.  N  bases  of 

Californian 1014 

Phenacyl  esters,  identification  of  para  halogen 1043 

Phenolphthalein,  action  of  HgO  and  of  Hg(OAc)s  on 2360,  2362 

Phenols,  identification  of 615 

Phenolsulfonephthalein,  action  of  HgO  and  of  Hg(OAc)t  on 2361,  2365 

Pheooxy-acetonitrile 655 

Phenoxy-4-butene-l *. 650 

Phenoxy-5-methyl-2-pentene-2 652 

Phenoxy-5-pcntene-2 651 

7-Phenoxy-propylmethyl  carbinol. 651 

Phenylamino-acetic  add,  and  derivs 2264 

2-Phenyl-4-aminomethyl-6-oxypyrimidine 2355 

a-Phenyl-0-benzoylethyl-phosphonic  acid,  mono-  and  diphenyl  esters  of 839 

l-Phenyl-2-beazylmercapto-4-benzalhydantoin 1720 

a- Phenyl -0-bromo-fl- benzoyl ethyl-phosphonic  acid,  monophenyl  ester  of 838 

ot-Phenylbutyronitrile 134 

Phenyl  carbinols,  Hg  compds.  of  some *. ft 2678 

Phenyldichloro-arsine,  v.  p.  of 1386 

2-Phenyl-4-diethoxymethyl-6-oxypyrimidine 2354 

l-Phenylenediamine,  prepn.  of,  from  C«H4Cb 1033 

1-Phenylhydantoin 1718 

Pheny  Hydrazine,  derivs.  of  the  higher  fatty  acids 1478 

Phenylmagneslum  bromide,  reaction  with  esters  or  anhydride  of  phthalk  acid 2333 

Phenylmorpholine 1725 

Phenyl-ot-naphthyl-diphenoxy-methane 1881 

2-Phenyl-6-oxy-4-aldehydo-pyrimidine,  and  oxime 2353,  2354 

Phenyl  propargyl  ether 653 

(4)-Phenyl-(i,4)-thiazan,  prepn.  of 1227 

l-Phenyl-2-thio-4-benzalhydantoin 1717 

1  -  Phenyl- 2- thiohy  dan  toin,  from  carbethoxylamino-acetanilide  dithio-carbamate 1716 

Phenyl  vinyl  ether 648 

Phosphates,  volatilization  losses  of  P  during  evapns.  of,  with  HiSO*  or  fusions  with  pyrosulfate.  2609 

Phosphatides,  estn.  of 2238 

Phosphorus,  red,  as  a  reducing  agent,  883;  crit.  soln.  temps,  of  white,  with  various  liquids,  2213; 
volatilization  losses  of,  during  evapns.  of  phosphates  with  H1SO4  or  fusiqau  with  pyro- 
sulfate    2609 

Phosphorus  halides,  addition  reactions  of 2337 

Phosphorus  pentoxide,  system:  ZnO-H«0-PtO»  at  25°  and  37 ° 1433 

Phosphorus  trichloride,  reaction  with  benzal-acctophenoue,  830;  mechanism  of  the  reaction  of, 

with  BzH 2337 

"Phostonic"  acids 2339 

Photographic  development,  chem.  induction  in 689 

Phthalazone 1283 

Phthaldehydic  acid,  fe'j-hydrazone  of 1282 

Phthaleins,  Hg  derivs.  of 2355 

Phthalic  acid,  K  H  salt  of,  as  a  standard  in  volumetiic  analysis,  724,  1655;  reaction  between 

PhMgBr  and  the  esters  or  anhydride  of 2333 

Phthalimide 1282 

Phthalimidine,  and  its  nitroso  deriv 1282 

Physical  chemistry,   Handbuch  der  Physikalisch-Chemischen-Technik   (Arndt,  book  review), 

325;  Lehrbuch  der  Physikalischen  Chemie  (Jell i nek,  book  review) 667 

Physics,  Mol.  (Crowther,  book  review) 1071 

Physiological  action,  relationship  between  chem.  constitution  and,  in  local  anesthetics  (I)  homo-       ■• 
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Piezometer 50 

Pinacol,  rearrangements  of,  800,  805 ;  reaction  with  HC1  and  HBr 2097 

Plant  products,  and  Chem.  Fertilizers  (Collins,  book  review) 1292 

Platinum,  effect  of  surface  oxidation  on  catalytic  properties  of 403 

Polarity,  and  ionization  from  the  standpoint  of  the  Lewis  theory  of  valence 1419 

Pollen,  ragweed,  proteins 1738 

Polyzime,  starch-liquefying  power  of,  compared  with  malt  diastase 1261 

Potassium,  detn.  of  as  perchlorate 735,  2046 

Potassium  bromide,  ionization  relations  of  Na  and  K  chlorides,  bromides  and  iodides  in  mixta. .  185 

Potassium  chlorate,  as  a  standardizing  substance  for  solns.  of  alkali 757 

Potassium  chloride,  heat  of  diln.  of,  24;  ionization  relations  of  Na  and  K  chlorides,  bromides  and 
iodides  in  mixts.,   185;  sp.  heat  of  solns.  of,  355;  activity  coeff.  of  normal,  soln.,   1128; 

sepn  from  MgCU,  1618;  satd.,  calomel  cell 2434 

Potassium  hydroxide,  free  energy  of,  in  aq.  soln.  and  the  activities  of  its  ions 488 

Potassium  iodide,  ionization  relations  of  Na  and  K  chlorides,  bromides  and  iodides  in  mixts. ...  185 

Potassium  ion,  transference  numbers  of  Na  and  K  in  mixed  chloride  solns 1770 

Potassium  lead  hydrogen  octafluoride,  prepn.  of 1309 

Potassium  permanganate,  reaction  with  HC1 237 

Potential,  electric,  reproducible  liquid  junction   potentials:    the   flowing  junction,  229;  ioniza- 
tion,   of     HC1    and  the  election   affinity   of    CI,    1832;    measuring,    of    con  en.    cells    of 

high  internal  resistance 21 16 

Potential,  electrolytic,  detn.  of,  and  overvoltage  of  As 1569 

Pressure,  measurements  of  corrosive  gases,  1131;  app.  for  measuring  moderate 2588 

Procaine,  relationship  between  chem.  constitution  and  physiol,  action  in  homologs  of 1030 

Propyl  alcohol,  entropy  changes  at  low  temps.  (II)  ethyl  and  propyl  ales,  and  their  equal  molal 

mixt.,  1542;  heat  of  combustion  of 1614 

Propylamine,  cond.  and  viscosity  of  solns.  in 2454 

l-Propyl-6-  phenyl-  l-acetyl-2.4-diketo-hexahydro-cyanidine 113 

l-Propyl-6-phenyl-2,4-diketo-hexahydro-cyanidine 113 

Prosol 666 

Protalbinic  acid,  gold  number  of 595 

Proteins,  origin  of  humin  formed  by  acid  hydrolysis  of,  632,  821,  2378;  ragweed  pollen 1738 

Pseudo- muscarine 1670 

Publications,  chem 2099 

.  Pump,  H3SO4  concentrator  and  vacuum 257 1 

P>ridine,  identification  of,  nucleus 1019 

Pyrimidines 2349 

Pyruvic  acid,  methylanilide  of - 2374 

QUANTUM  THEORY,  La  materialization  de  l'energie,  essai  sur  la  theorie  de  le  relativity  et 

sur  la  theorie  des  quanta  (Rougier,  book  review) 2687 

Quinaldine,  methiodides  of  the  condensation  products  of  some  cyclic  aldehydes  with,  and  a- 

picoline,  and  their  possible  value  as  indicators  in  acid  i  me  try 2309 

Quinene  dihydrochloride 1501 

Quinidane  hydrochloride *. 1501 

RADIATION,  as  a  factor  in  chem.  action 2190 

Radioactive  mineral,  at.  wt.  of  Pb  from  a  Japanese 928 

Radium,  crystn.  of  Ra-Ba  soln.,  889;  abs.  value  of  the  Ra:  U  ratio 1 170 

Ragweed  pollen  proteins 1738 

Rare  earth  metals,  Metals  of  the  Rare  Earths  (Spencer,  book  review) 1070 

Rare  earths,  observations  on  (X)  purification  and  at.  wt.  of  Sa 515 

Reactions.     See  Heal  of  reactions. 

Reagents,  org.  chem.,  299,  310;  Org.   Chem.   (Adams,  Kamm,  Marvel,  book  review),   1074; 

Standards  and  Tests  for  Reagent  Chemicals  (Murray,  book  review) 2414 

Rearrangements,  chem.  mechanism  of  org 787 

Reducing  agent,  red  P  as 883 

Refraction,  atomic 1945 

Relativity  theory,  La  materialization  de  l'energie,  essai  sur  la  theorie  de  le  relativite  et  sur  la 

theorie  des  quanta  (Rougier,  book  review) 2687 

Respiration,  plant,  CO  as  product  of 641 

Rubitva  multiftdo,  oil  of , 1286 
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SACCHARINIC  ACIDS,  C« 2314 

Saligenin,  prepn.  of,  and  its  Hg  compds 2679 

Salts,  interaction  of  mixed  salt  solns.  and  liquid  amalgams,  185;  soly.  of,  in  salt  solos.  761 ;  soly. 
ratios  of,  in  strong  homoionic  solvents,  1448;  thermodynamic  properties  of  H  ion  in  solns. 

of  0.1  molal  HC1  contg.  unl-univalent,  1806;  salt  error  of  cresol  red 2160 

Samarium,  purification  and  at.  wt.  of « 515 

Scandium,  at.  wt.  of 1762 

Scheelite,  crystal  structure  of 85 

Schiff  bases,  condensation  of  isocyanic  acid  with  alkyl 107 

Science,  Realities  of  Modern  (Mills,  book  review),  862;  Lectures  on  the  Principles  of  Sym- 
metry and  its  Applications  in  all  Natural  (Jaeger,  book  review) 1072 

Sclerotinia  cinerto,  function  of  vitamines  in  metabolism  of 549 

Seeds,  significance  of  the  peroxidase  reaction  with  reference  to  the  viability  of 612 

Selenium,  v.  p.  curves  of  solid  and  liquid,  near  the  m.  p , 1579 

Selenium  oxychloride,  prepn.  of,  2498;  didec.  const,  of 2607 

Silica,  perchloric  acid  as  a  dehydrating  agent  in  the  detn.  of 2208 

Silicic  acid,  coagulation  of  day  suspensions  and,  460;  adsorption  of  SOt  by  the  gel  of 946 

Silicon,  revision  of  the  at.  wt.  of 1193 

Silicon  tetrachloride,  analysis  of 1194 

Silver,  prepn.  of  pure 926 

Silver  iodide,  thermodynamic  investigation  of  reactions  involving  AgsS  and 476 

Silver  sulfide,  equil.  conditions  of  reaction  with  H,  246;  thermodynamic  Investigations  of  re- 
actions involving,  and  Agl 476 

Soap,  solns.  of,  and  their  constitution 426 

Sodium  bromide,  ionization  relations  of  Na  and  K  chlorides,  bromides  and  iodides  in  mists 185 

Sodium  chloride,  heat  of  dim.  of,  23;  heats  of  dim.  of  solns.  mixt.  with  BaClt,  32;  ioniza- 
tion relations  of  Na  and  K  chlorides,  bromides  and  iodides  in  mixts.,  185;  heat 
of  soln.  and  the  partial  molal  heat  content  of  the  constituents  in  aq.  solns.  of,  347;  sepn. 

from  MgClt 1618 

Sodium  hydroxide,  soly.  of  HgO  in  solns.  of 368 

Sodium  iodide,  ionization  of  Na  and  K  chlorides,  bromides  and  iodides  in  mixts 185 

Sodium  ion,  transference  numbers  of  Na  and  K  In  mixed  chloride  solns 1770 

Sodium  silicates,  hydrolysis  of 2575 

Sodium  sulfate,  aq.  pressure  of  hydrated 419 

Solubilities,  of  Inorg.  and  Org.  Compds.  (Seidell,  book  review) 2688 

Solubility,  studies  on,  (I)  soly.  of  salts  in  salt  solns.,  761 ;  (II)  soly.  ratios  of  salts  in  strong 
homoionic  solvents,  1448;  soly.  (IV)  soly.  relations  of  CisHt  and  I  in  the  various  solvents, 
including  a  method  for  evaluating  soly.  data,  2180;  (V)  crit.  soln.  temps,  of  white  P  with 

various  liquids 2213 

Solutions,  form  of  conductance  function  in  dfl.,  1 ,  990;  heterogeneous  equil.  between  aq.  and 
metallic,    185;  extrapolation  of  cond.  data  to  zero  concn.,  1077,  1087,  1090;  third  law  of 

thermodynamics  and  the  entropy  of,  1529;  detg.  sp.  heat  of 1621 

Solvents,  soly.  ratios  of  salts  in  strong  homoionic,  1448;  use  of  org.,  in  the  quant,  sepn.  of 

metals,  1618;  alkyl  amines  as 2080 

Soy  bean,  lipolytic  activity  of 620 

Specific  heat,  detg.,  of  dil.  solns 1621 

Spectrum,  effect  of  solvent  on  ultraviolet  absorption,  of  a  pure  substance,  727;  absorption,  of 

the  nitric  esters  of  glycerol,  1321;  non-identity  of  isotopes  in,  and  other  properties 1328 

Spinach,  mosaic  disease  of,  as  characterized  by  its  N  constituents 1061 

Squash,  compn.  of  Hubbard,  seed  oil 152 

Standardization,  of  solns.  of  alkali  with  KClOi 757 

Standard  solutions,  KH  phthalate  as  a  standard  in  volumetric  analysis 724,  1655 

Starch,  fat  associated  with 1726 

Stearic  acid,  menthyl  ester 1479 

Stearic  phenylhydrazide 1480 

Strontium  chloride,  heat  of  diln.  of,  25;  aq.  pressure  of  h>drated 419 

2-Styrylquinoline  me th iodide 231 1 

Succinic  anhydride  potassium  iodide  periodide 1257 

Succinimide  potassium  iodide  periodide 1256 

Sucrose,  heat  of  combustion  of,  1614;  heat  of  inversion  of,  by  acid 191 1 

Sulfide  acid,  butyl  ether  of  thioglycoUc  acid 2385 

Sulfur,  f .-p.  soly.  curve  for,  and  dichloro-ethyl  sulfide 1377 

Sulfur  chloride,  mechanism  of  reaction  with  CtHi \ 585 

Sulfur  dioxide,  adsorption  of,  by  the  gel  of  silicic  acid 946 
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ulfuric  add,  formation  of  addition  compds.  between  100%,  and  the  neutral  sulfates  of  the 

alkali  metals,  2131 ;  concentrator  and  vacuum  pump 2571 

Surface  energy 700 

Surfaces,  orientation  of  mols.  in,  surface  energy,  adsorption  and  surface  catalysis 700 

Surface  tension,  app.  for  measuring  on  small  quantities  of  liquids,  472;  and  mot.  attraction 2534 

Symmetry,  Lectures  on  the  Principle  of,  and  its  Applications  in  all  Natural  Sciences  (Jaeger, 

book  review) 1072 

Synonyms,  Inorg.  Chem.,  and  Other  Useful  Chem.  Data  (Darling,  book  review) 1 29 1 

TABLES,  Chem.  Calcn.  (Wells,  book  review) 24 1 7 

Taste,  relation  between  the  total  acidity,  the  concn,  of  the  H  ion  and  the,  of  acid  solns 712 

Tautomerism,  in  the  triaryl  carbinols 1864,  1879 

Temperature  (See  also  Thtrmortgulator.),  establishing  of  the  abs.,  scale,  54;  entropy  changes  at 

low 1533,  1542 

0-Tetra-acetyl-fructose,  ptepn.  of,  from  a-penta-acetyl-fructosc 1853 

^Tetrabromo-tetraphenyl-ethylene,  mol.  compds.  of 2089 

2,2'^,5^Tetrachloro-axobensene-4,4/-disulfonic  acid,  Na  salt  of 151 

2,2',5,5/.Tetrachloro-diphenylsulfone 148 

Tetrachloro-phenolphthalein 2366 

*-Tetrachloro-tetraphenyl-ethylene,  mol.  compds.  of 2091 

1 : 1-Tctra-ethyl-ammonhim  mercuric  iodide 144 

Tetrahydroquinoline 1723 

1 : 1-Tetra  methyl-ammonium  mercuric  iodide 143 

Tetramethyl-quinolines 2394 

Thermochemkal  data,  restatement  and  correction  of  the,  on  org.  compds.  (I)  data  of  P.  W. 

Zubow 1092 

Thermochemistry,  of  hydrocarbons  according  to  P.  W.  Zubow's  data 1312 

Thermocouples,  calibration  of 353 

Thermodynamics,  third  law  of,  and  the  entropy  of  sous,  and  of  liquids,  1529;  test  of  the  third 

law  of 1533 

Thermometers,  calorimetric  method  for  standardizing 1374 

Thermoregulator,  2058;  characteristics  of  the  Gouy 60 

Thio-aceto-acetyl  aottide 1058 

Thio-aceto-acetyl  ^bromo-amlide 1060 

Thio-aceto-acetyl  A-toluide. 1059 

Thiocyanates,  and  isothiocyanates,  1711;  action  of  Grignard  reagent  on 2369 

Thiodiaceto-acetyl  anilide 1057 

Thiodiaceto-acetyl  l-bromo-anilide 1060 

Thiodiaceto-acetyl  m-toluide 1060 

Thiodiaceto-acetyl  o-toluide 1061 

Thiodiaceto-acetyl  *-toluide 1059 

ThioglycoUc  acid,  butyl  ether  of 2385 

2-Thiohydantoins,  new  method  of  synthesizing 1711 

Thiourea,  detn.  of 2077 

Thorium,  at.  wt 327 

Thulium,  at.  wt.  of 2022 

Tin,  v.  ps.  of  amalgams  of,  545;  revision  of  the  at.  wt.  of,  905,  917,  925;  pure 921 

Tin  tetrabromide,  prepn.  of  pure 921,  925 

Tin  tetrachloride,  prepn.  and  analysis  of 906 

Titanium,  sepn.  from  Zr  as  phosphate,  36;  detn.  of,  in  Zr  ores 1439 

Titration  curves,  colorimetric  detn.  of,  without  buffer  mixts 742 

Toluene,  heat  of  combustion  of 1614 

3-*-Toluidino-5-methyl-isoxazole 1060 

£-Tolulepidine,  prepn.  of 2397 

*-Toluylformic  acid,  methylanilide  of 2374 

*-Toly!  vinyl  ether 649 

Transference  numbers,  free  energy  of  diln.  and,  of  LiCl  solns.,  1117,  1455;  of  Na  and  K  in 

mixed  chloride  solns 1770 

Tri-acetin,  successive  stages  of  hydrolysis  of 1455 

Tri-aryl  carbinols,  tautomerism  in 1864,  1879 

Trichloro-ammonium  chloride,  formation  of,  in  reaction  between  CI  and  NHa 2173 

Trichloro-JcrJ-butyl  alcohol,  benzoic  ester  of 1502 

1.2,2-Trichloro-i-iodo-ethane 1007 

Triethyl-amine,  cond.  and  viscosity^of  solns.  in 2454 

Triethyl-ammonium  mercuric  iodide 139 
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Triglycol-amldic  add,  tri- (phenyl  amide)  of 1708 

Trimethylamine,  cond.  and  viscosity  of  solus,  in 2454 

Trimethyi -ammonium  mercuric  iodide 1 38 

Trimethylarsine,  prepn.  of 1468 

Triroethylarsine  selenide,  prepn.  of 1468 

Trimethylene  bromide,  prepn.  of 307 

Trimethylene  chlorobromide,  prepn.  of 307 

Trimethylene  glycol,  reaction  with  HC1  and  HBr 2095 

<f-£-Tritnethylethyl-anilinc,  isolation  of  pure 2322 

Trimethylethyl-bensene 2324 

l-Trimethylethyl-nitrobenzene 2325 

<0-£-Triraethylethyl-phenylhydrazine,  prepn.  of 2322 

Trimethylphenyl-ethylene , 2323 

2,4,6-Trinitrobenzoic  oxalic  anhydride 605 

Trinitrotoluene,  measuring  v.  ps.  of 22 1 8 

Triphenylhydroxy-a,a'-benxo-0,0'-dihydrofurfuran,  prepn.  from  diethyl  phthalate 2334 

Tryptophan,  effect  of  acid  hydrolysis  on* 2378 

Tyrosine,  colorimetric  estn.  of 1678 

URANIUM,  abs.  value  of  the  Ra:  U  ratio J  170 

Urea,  4-merabered  cyclic  ureas,  107;  entropy  changes  at  low  temps.  (I)  formic  acid  and,  1533; 
action  of  NHa  and  amines  on  substituted,  2303;  ionization  of  aq.  solns.  of  NHi  in  the  pres- 
ence of 2500 

£-Ureidobenzyl  cyanide 131 

£-Ureidophenylacetic  acid,  and  methyl  ester 131 ,     132 

£-Ureidophenyl-acetylurea,  prepn.  of 1 28,     132 

Urethaos,  action  of  NHa  and  amines  on 2303 

VALENCB,  octet  theory  of,  and  its  applications  with  special  reference  to  org.  N  corapds.,  274; 
polarity  and  ionization  from  the  standpoint  of  the  Lewis  theory  of,  1419;    properties  of 

subsidiary  groups % 2483 

Valeric  acid,  prepn.  of,  and  ethyl  ester 312,    313 

Vapor  pressure,  of  some  hydra  ted  crystals,  419;  surface  condensation  error  in  certain  measure- 
ments of,  978;  pressure  measurements  of  corrosive  gases—,  of  NtOs,   1131;  method  of 

measuring  low,  with  its  application  to  the  case  of  trinitrotoluene 2218 

Vapors,  heat  of  absorption  of,  on  charcoal 1 146 

Viburnum  prunifolium,  some  constituents  of 1 744 

Viscometer 2457 

Viscosity  (See  also  Fluidity.),  of  liquids,  1776;  of  solns,  in  certain  amines 2454 

Vitamines,  function  of,  in  metabolism  of  Sclerotica  cintrta 549 

WATER,  equil.  in  system:  AstOt-CaO-HtO  at  35°  (acid  section),  259;  adhesional  work  be- 
tween org.  liquids  and,  700;  detn.  of  equil.  between  CI,  water,  HC1  and  chloric  acid,  896; 

system:  ZnO-PjOt-HtO  at  25°  and  37°,  1433;  detn.  of  the  H-ion  concn.  in  pure 2116 

Water  vapor,  mol.  state  of 2477 

Waxes,  Tech.  Handbook  of.  Vol.  II.     Practical  and  Analytical  (Fryer,  Weston,  book  review) . . .  1074 

Weighing,  analytical 411 

Weights,  standardization  of 2528 

Wulfenite,  crystal  structure  of 85 

X-RAY,  fluorescence  of  certain  org.  compels 1997 

5-Xylidine,  syntheses  of 1840 

Yttrium,  at.  wt 327 

ZINC  METHYL,  prepn.  of 1472 

Zinc  oxide,  system:  PiOr-HtO-ZnO,  at  25°  and  37° 1433 

Zirconium,  sepn.  from  Ti  as  phosphate,  36;  detn.  of,  in  Zr  ores,  1439;  detn.  of 1764 

Zirconyl  chloride,  hydrolysis  of,  at  zero  and  20  degrees 253 1 

Zirconyl  sulfate,  hydrolysis  of,  at  zero  and  20  degrees 253 1 
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